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EDITORS' FOREWORD 

THE warm welcome given to the earlier editions of Ramo AND TELE-
visiox ENGINEERS' REFERENCE BOOB has shown clearly the value of a 
comprehensive and authoritative reference book, written at a practical 
engineering level. The very rapid progress being made in all branches 
of radio and television makes it essential, however, that such a book 
should be frequently and extensively revised. 

In this third edition many new developments have been covered 
for the first time, and a number of sections completely re-written or 
re-cast to take the latest techniques fully into account. In particular, 
the rapid progress and practical application of semi-conductors have 
receii,ed careful attention. Section 26 (TRANsIsTorts) has again been 
expanded to provide basic information on the latest types, and, cover-
ing modern applications, will be found new articles on GERHANnrat 
AND SILICON POWER RECTIFIERS (Section 28), TRANSISTOR D.C. CON-
VERTERS (Section 36), TRANsisToR BROADCASTING RECEIVERS (Section 
14), SERVICING TRANSISTORIZED EQUIPMENT (Section 39), etc. The 
practical use of transistors in modern transmitters is dealt with in the 
enlarged Section 7 (CommuNmATIoN TRANSMITTERS), which also in-
cludes fresh information on low-power single-sideband transmitters, 
the choice of quartz crystals, V.H.F. scatter and meteor burst com-
munication systems, etc. 
Recent important advances in low-noise microwave devices, such as 

travelling wave tubes, parametric amplifiers and masers, are included in 
the revised Section 23 (VADvEs). These developments are also taken 
into account in Section 19 (BROAD-BAND RADIO SYSTEMS), which in-
cludes the latest information on microwave communications. 
The rapidly growing interest in Ramo ASTRONOMY AND SPACE. 

PROBE COMMUNICATION is reflected in the inclusion for the first time, 
of a section (Section 20) devoted entirely to this subject, and providing 
a concise summary of the present state of the art. 
As in previous editions, particular importance has been attached to 

the provision of up-to-date information of practical value to those who 
Are concerned with the production and servicing of domestic equipment. 
Section 14 (BRoADcAsTIN.AREcErvEns) has again been fully revised and 
expanded, and—apart from the transistor article already mentioned— 
now includes information on modern Car Radio Receivers. The in-
creasing interest in good-quality reproduction is reflected in the new 
Section 37 (HIGH FIDELITY SOUND REPRODUCTION AND DISTRIBUTION) 
and in extensions to Sections 31 (MICROPHONES AND PICK-ups) and 32 
(LOUDSPEAKERS). Stereophonic reproduction is, dealt with in Section 
37, and its effect on recording techniques is described in the revised 
Section 34 (MAGNETIC AND DISC RECORDING). 

Section 39 (RADIO RECEIVER INSTALLATION AND SERVIC/NG) has been 
further expanded to include notes on dealing with printed-wiring panels, 
transistorized equipment and Band II alignment techniques, as well as a 
new sub-section SERVICING DOMESTIC TAPE RECORDERS. Section 40 
(TELEVISION RECEIVER INSTALLATION AND SERVICING) has also been 
entirely re-cast to bring it into line with the latest practices. 
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Details of many new air navigation aids, including Doppler, have 
been added to Section 19 (AERONAUTICAL; RADIO AND RADAR EQUIP-
MENT). New display devices which find increasing application in 
modern radar systems form part of the additions to Section 24 (CATHODE-
RAY TUBES). The use of propagation forecasts for H.F. communications 
is described in a new article added to Section 44. 

Section 46 (Pitocinnss AND DEvELormziers) has been entirely - e-
written to provide concise information on a number of interesting 
new developments and products resulting from the work of specific 
firms and organizations. 

It is the aim of this Reference Book to bring together, within one 
convenient volume, the information required by engineers, technicians, 
radio amateurs and all who are engaged in the design, maintenance, 
technical sales, operation and servicing of modern radio and television 
transmitting and receiving equipment. 
The Reference Book is arranged in forty-seven main sections, mostly 

dealing with a specific branch of the subject and written by authorities 
in the particular field concerned. A list of the main contributors 
appears on pages xiii-xx. 
Throughout the book, emphasis has been placed on essentially practical 

information and theory, so as to ensure that the work will be of the 
utmost value to field engineers and technicians. Nevertheless, the 
instructor and student will also find much material—not readily 
available elsewhere—that will be of the greatest use in teaching or 
studying for careers in this rapidly expanding industry. 
The Editors are indebted to the many contributors who have co-

operated so whole-heartedly in the production of this new edition. 
Grateful acknowledgement is also made to the many leading firms and 
organizations who have kindly allowed their engineers to contribute to 
this work or who have assisted by supplying illustrations, information 
and data. 
The Editors also wish to thank those readers who have kindly sub-

mitted comments or suggestions—many of these have been incorporated 
in this new edition. 

W. E. P. 
J. A. R. 
J. P. H. 
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1. FORMUL2E AND EXAMPLES 

RESISTORS AND VOLTAGE DIVIDERS 

Voltage, Current, Power and Resistance Relationships 
The relationships between the current flow in a resistor or a circuit 

containing resistance, the applied voltage, the power dissipated in it 
and the resistance are determined from simple transformations of 

Ohm's Law. 

Current flow: I = EIR = PIE 

Volt drop: E = IR = PII = VPR 
Power dissipated P = El = PR 
Resistance: R = EII PII2 = 

where I --- current, amperes; 
E -= voltage; 
P = power, watts; 
R = resistance, ohms. 

Resistance of a Conductor 
Given the dimensions and specific resistance (resistance per unit 

cube) of a conductor, its resistance 

• R plIA 

= 1-273 pile for circular conductors 

CHANGE OF RESISTANCE WITH TEMPERATURE 

Rr = R0 (1 + aT) 

where R -= resistance, ohms; 
Rr -= resistance at temperature T °, ohms; 
Ro.= resistance at 0°, ohms; 
p = specific resistance of conductor, ohm-cm.; 
/ = length of conductor, cm.; 

A -= cross-sectional area of conductor, sq. cm.; 
d = diameter of conductor, cm.; 
a = temperature coefficient of resistance. 

Resistances in Series and Parallel 
Resistances ere added when in erios; conductances aro added when 

in parallel. 

Equivalent resistance in series: 

Equivalent conductance in series: 

1/G. = 1/0, -I- 110, -I- 1/G, . . . etc. 

1-2 



FORMUL/E AND CALCULATIONS 1-3 

Unix I.-RESISTIVITIES AND TEMPERATURE COEFFICIENTS or 
MrrAts AND ALLOYS 

Retrietivity 
(4-cm.) 

Aluminium . 
Brass . . . 
Copper, annealed . 
Copper, hard drawn 
Eureka (Constantan) 
Gas carbon . 
German silver 
Gold . 
Iron, annealed 
Lead . . 
Manganin 
Mercury . 
Molybdenum . 
Nichrome . 
Nickel . . 
Nickel silver . 
Phosphor bronze 
Platinum . 
Silver 
Tin 
Tungsten 
Zino 

Temp. Coefficient 
of Reenotivity 

2e C. 

2.83 0.004 
6.73 0-002 
1.72 0.0039 
1-78 0.0038 
49.1 ±0.00(n 

5,000 -0.0005 
29.2 0.00027 
2.44 0.0034 
9.66 0.0057 

22 0.0042 
44.8 ±0.00002 
96 0.00089 
5.69 0.0045 

• 112 0.00017 
8.7 0.0047 

27.8 0.00026 
9.4 0.003 

10.8 0-0038 
1.84 0.004 

11.5 0.0042 
5.61 0.0045 
5.86 0.0037 

Equivalent resistance in parallel: 

1/R. = 1/R, UR, + 1/R, . . . etc. 

Two resistances in parallel: 

= R,R,I(R, R,) 

Equivalent conductance in parallel: 

G• -= GI + Os ± Gs -F • • • etc. 

where R. -= equivalent resistance, ohms; 
G.= equivalent conductance, mhos; 

R,R,R, = resistances in series or parallel; 
0,0219, = conductances in series or parallel. 

Voltage-reducing Resistors 
Resistance required in series with a resistive load to reduce voltage 

from E0 to EL, assuming negligible internal resistance of source. 

R, = (E„ - 

where R, = resistance in series, ohms; 
= voltage of supply; 

Ez -=-• voltage across load; 
I = load current, amperes. 



(a) 

1-4 RADIO AND TELEVISION REFERENCE BOOK 

Exiacerm 1.—A stepped resistor is required to control the current from 
a 230-volt rectifier to a load of 150 ohms resistance in miss of 1, and I 
amperes. Calculate each step of resistance and the diesipation in watts for 
whic,. each section muet be graded. 

Total resistance in circuit, including load resistance : 

At 1 ampere 

Rz, -r  
230 
= = 230 ohms 

1 

At ampere 

RL R1+ R2= EII, 

Ri 

E0= 230V 0 

230 RL-150 n 
= 460 ohms 

R2 

At ampere e 

RL R,± R3 = Ell, 
230 

— -= 920 ohms 
— 0.25 

Hence section resistances: 
R, = 230 — 150 = 80 ohms 

R, = 460 — 230 = 230 ohms 

R, = 920 — 460 = 460 ohms 

Watts dissipated in each section : 
In R„ P, = 12 x 80 = 80 watts 

In R2, P 2 = 0-5' x 230 = 58 watts 

In R2, P, = 0-252 x 460 = 29 watts 

R3 

1.—EXAMPLE 1. 

Voltage Dividers 
Values of sectional resistances for anode supply or positive tappings: 

R, = E,I1„ 
R, (E, — + II) 
R, (E3 — II+ 1,) 

10+1,+I2 R 12 
1 

  + 4 I 

lo+I, II I E3 

+ 4 E2 1 

E1 1 

— t 
(b) 

Fla. 2.—VOLTAGE DIVIDERS. 



FORMULA AND CALCULATIONS I-5 

Values of sectional resistances for negative tappings (Fig. 2 (b)) : 

= Ell', 

R, = (E, — E,)/(I0 — I,) 

R3 -= (E, — 4)1(4 — I, — la) 

EXAMPLE 2.—A tapped voltage divider is to be connected across a 200. 
volt supply to provide outputs at: (a) 20 mA at 100 volts, and (h) 30 mA at 

1-1-  

100mA i R 
30mA • 

00 V > ÷ t 

7OmAi R2 
20mA 

e + 4. 150V 

50mA Ri 100 V 

3.—EXAMPLE 2. 

150 volts. Find the resistance of each section of the divider, the total 
resistance and the dissipation in watts of each section, if the bleeder current 
passed by the divider is to be 50 mA on load. 

SECTION R, 

Current: 

I, = 50 mA 

Volt drop: 

E, ----= 100 volts 

Resistance : 

100 
R I = 0.05 

=2.000 ohms 

SECTION R2 SECTION R3 

/2 = 50 + 20 /, = 50 -I- 30 + 20 
= 70 mA = 100 mA 

E2 = 150 — 100 E, = 200 — 150 
= 50 volts = 50 volts 

R 50 , = Ft5,7 

= 715 ohms 

50 

R3 = 
*=- 500 ohm! 

Watts dissipated : 

4 1R, = 0-05' < 2,000 I,'R, = 0-07' x 715 /3'R, = 0.1 2 x 500 
= 5 watts = 3-5 watts = 5 watts 

Total resistance of divider: 

R = R, R, + R3 

= 2,000 + 715 + 500 = 3,215 ohms 
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Fla. 4.—EXAMPLE 1 

INDUCTORS 

Inductance 

Inductance is defined as the property of a circuit or coil which tends 
to oppose any change in the value of current, and is expressed by the 
fundamental equation 

The voltage induced between two circuit 

e = — 111— 
dt 

Energy stored in inductance 

W = LP ¡2 

where L = coefficient of self-inductance, henrys; 
M = coefficient of mutual inductance, henrys; 
e = back em.f. produced by change in magnetic flux linkages, 

volts; 
di 
rit -- rate of change of current, ampere/second; 

W = energy stored, joules; 
I = current, amperes. 

Inductance in a D.C. Circuit 

In a circuit having inductance and resistance the instantaneous 
current i after a time t from application of the voltage E 

c silL) 

-= 1(1 — 

After a time t from removal of the voltage, E, without breaking the 
circuit 

i = (EIR)e-R" 

le-R" 

EXAMPLE 1.— The coil of a signalling relay has an inductance of 250 mil 
and a resistance of 100 ohms. If a steady signal of 30 volts is applied, 

find the time taken for the current to reach 50 per 
cent of ita maximum value. 

250 Tr I-1 I0On 

iff = 1 — cen 

0.5 = 1 — e -1°'xie26 

e-4001 = 0.5 
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Taking logs of both sides 

— 400t loge -= log„ 0.5 
— 400t x 0-4343 = — 0.301 

t = 1.73 x 10's seconds or 1.73 milliseconds 

I-7 

Time Constant 

This is the time taken for the current to reach 1 — 1/e or 83-2 per cent 
of its full value on application of the voltage, or to fall to 1/e or 36.8 per 
cent of its frill value on removal of the voltage. 

T = LIB 
where / = full value of current, amperes; 

instantaneous value of current, amperes; 
E = applied voltage; 
R = resistance in series, ohms; 
t = time, seconds; 
= time constant, seconds; 

L inductance, henrys; 
e = base of Na.perian logaritluns (= 2.7183). 

Inductartce in an A.C. Circuit 

Voltage elf-induced in a circuit 

E = 
Voltage induced between two circuits 

E =wMj 

where E = R.M.S. value of induced voltage; 
/ = R.M.S. value of primary current, amperes; 
L -= inductance, henrys; 
w = 2n x frequency (dg).. 

Inductance of Coils 
General formula for coils 

L = 
4,„.LATI/101 

where L = inductance, henrys; 
.rk = number of flux lines linking turns of coil; 
T = number of turns of coil; • 
/ = current, amperes; 
= permeability of medium through which flux passes; 

A = cross-sectional area of path, sq. cm.; 

Inductance of Single Layer Radio-frequency Coils 
•Nagaoka'a formula 

L =- k(rdT)1/1031 
where L = inductance, ¡LEI; 

d = diameter of coil, cm., 
/ = length of coil, cm.; 
T = total number of turns; 
k = factor depending on the ratio (see Table 2). 

5.—Ixouémfareu 
ex A.C. Colcurr 
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TABLE 2.—FAcTon k 

0-1 

Ic 0-959 

0-2 0.4 0-8 0-8 1-0 2.0 3-0 4-0 6-0 

0-920 0-850 0-789 0.735 0-888 0-528 0-429 0-385 0.320 

EXAMPLE 2.—Calculate the inductance of a single-layer air-cored 
cylindrical coil 4 cm. diameter, wound with fifty turns of wire 0.05 cm. 
diameter and a spacing between turns of 0-05 cm. Take the shape factor 
a A 0-735. What will be the inductance if a finer-gauge wire is used to 
increase the number of turns by 50 per cent within the same winding length ? 

d = 4 cm. 
T = 50 
/ = 50 x (0-05 -I- 0-05) = 5 cm. 
L = k(irdT)2/1,000/ 

0-735 x (Ir x 4 X 50)2 
5 X 103 

If the number of turns is increased-50 per cent in the same winding 
space- • 

L cc T2, 1 reitaining constant 

Ls/LI = (T,/T,)2 

L\ 2 = 2-25 
\ 1 / 

i.e., the inductance is increased 2•25 times to 131 H. 

Iron-cored Coils 

Iron circuit almost completely closed, with small air gap. 

L = T2411 

where L = inductance, henrys; 
T = total number of turns; 
= permeability of .air gap (= 1); 

A = cross-section of iron at gap,"sq. cm.; 

/ = length of gap, cm. 

CAPACITORS 
Capacitance 

The property of a circuit or capacitor to build up a charge on applica-
tion of a voltage is defined quantitatively as the charge in coulombs 
acquired per volt applied. 

C = QIE 
E = Q IC 

Energy stored 
TV = CE2i2 



where 
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Q = charge, coulombs; 
= capacitance, farads ; 

E = applied e.m.f., volts; 
W = energy, joules (watt-seconds). 

Capacitor in a D.C. Circuit 

In a circuit having capacitance and resistance, the instantaneous 
charging current after a time t from application of the voltage 

I = (E/R)e-tioR 

At t = 0 = E /It 

Instantaneous current when discharging through resistance 

= (EIR)e--ilCE 

= — Ie-gcB 

Time Constant 

This is the time taken for the voltage to reach 1 — 1/e or 63.2 per 
cent of its full value on applying the voltage, or to fall to 1/e or 36.8 per 
cent of its initial value on removing the voltage. 

T = OR 

where i = instantaneous current, amperes; 
I = maximum current, amperes; 
E = applied voltage; 
R = resistance in series, ohms; 
t = time, seconds; 
T = time constant, seconds; 
= capacitance, farads; 

e = base of Naperian logarithms (= 2.7183). 

Capacitor in an A.C. Circuit 

E = I lwe 

niwie E = r.m.s. voltage; 
/ = r.m.s. current, amperes; 
C = capacitance, farads; 
w = 27r x frequency (cis). 

EXAMPLE 1.—What is the peak working voltage to which a capacitor of 
0.003 F is subjected when a current of 10 mA at 1,00CI cls flows ? 

It.m.s. voltage: 

E = I labC 
0-01 

2ir x 1,000 x -8 x 10-9 531 volts r.m.s. 

Peak voltage: 

E = V2E r.m.s. 

= x 531 = 751 volts peak 
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Capacitors in Series and Parallel 

Series : 

Cr — 
lie: 1/C2 ± 1/C3 + • . . etc. 

1 

= C,C,/(C, + C2) for two condensers in series. 

Parallel: 

Cr = Cy + C2 + Cg + . . . etc. 

where Cr = effective total capacitance; . 
CiC2C2 ---- capacitances of individual condensers. 

Capacitance of Multi-plate Capacitor 
=- 0.0884 naA Id 

where C = capacitance, µµF; 
n = number of sheets of dielectric between plates; 
K = dielectric constant of dielectric; 
A = surface area of one plate, sq. cm.; 
d = distance between plates (thickness of dielectric, cm.). 

This • formula does not take into account fringing effect. If the 
dielectric is made up partly of a solid and partly of air, treat as two 
capacitors in series, having dielectric constants K•1 and K2 and dielectric 
thicknesses d, and d2. Then 

= 0.0084 
C2 = 0.0884 K2A/d2 
Cr = C2C2/(C2 ± Cs) 

Dielectric Loss 
The effect of dielectric loss on the circuit is expressed by treating the 

capacitor as having equivalent resistance either in series or in shunt 
with it. 

Equivalent series resistance : 

R, = tan 11,1wC = (P.F.)/coC 

using the approximation for Power Factor given on page 1-11. 

Er = IR, 

E 
6.—DIELECTRIC Loas. 
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Equivalent shunt resistance: 

= 1/cuC tan 0 = 1(wC x P.F.) 

Power loss: 

E'/R,,, = (.00E2 tan 0 

= wCE2 x P.F. 

= PR, = (I' X P.F.),1o,C. 

To convert a series loss resistance into its equivalent shunt value 
and vice versa 

R, = 11R,A(wC)2 when R. 1/(0C 
RA = 1/R.(wc)2 when R, < 11wC 

Power Factor of a Capacitor 

The power factor is a measure of the dielectric losses in a capacitor. 
The losses are expressed in terms of the angle by which the current 
falls short of being 90° out of phase with the applied voltage. 

P.F. = sin 0 

e._•- tan 0 = weR for small values of 0 in practice. 

where = losa angle; 
= 2ir x frequency (c/a); 

C = capacitance, farads; 

R = equivalent series loss resistance, ohms. 

TABLE 3.—DIELECTRIC CONSTANTS AND POWER FACTORS OF 
INSULATING MATERIALS 

Material 
Dielectric Constant 

at 1 McIs and 
25° C.• 

Power Factor at 
1 Mc/s 

Bakelite . 
Ebonite . 
Frequentite 
Mica, ruby. 
Micanite . 
Mycalex . 
Oil, cable . 
Polystyrene 
Porcelain 
Pyrex 
Quartz 
Shellac . 
Water, distilled 

4-3-5.4 
2.8 
6 
5.4 

7.5 
2.3 
2.6 
5-6 
4.5. 
3.8 
3.5 

78 

0.03-0.06 
0.006 
0.0006 
0.0003 
Poor 

0.001 
0.0008 
0.00007 

0-0075-0.009 
0.0002 
0.0002 
0.002 
0-04 

• The dielectric ccnstant falls slightly with increase of frequency. The power 
factor may either rise or fall with different materials as frequency increases. 
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EXAMPLE 2.—A capacitor of 200 pF is subjected to an effective voltage 
of 1,000 at a frequency of 3 Melt?. The dielectric loss and resistance of the 
plates and connectors are together equivalent to a series resistance of 10 ohms. 
Calculate: (a) the power factor, and (b) the power loss. 

(a) taC = 2/r x 3 x 10° x 200 x 10-42 

= 0.00377 

Power factor = °JCR 

0.00377 X 10 E=1000V 
= 0-0377 

(b) Power loss : 
PL = e»CE1 x P.F. 

-- 0.00377 X 10° X 0.0377 

142 watts 

bff 
R5.---1011 

C=200 pF 

f = 3Mcis 

Fm. 7.—ExammE 2. 

A.C. APPLICATIONS OF OHM'S LAW 

Impedance and Reactance 
The opposition to the current flow in an A.C. circuit is called the im-

pedance, and is measured in ohms. It is compounded of resistance and 
reactance, the latter arising from the presence. of inductance or capa-
citance, or both. Resistance and reactance are also both measured in 

ohms. 

Reactance due to inductance: XL = 2irfL 

Reactance due to capacitance: X0 = 11271C 
Impedance: Z = R j(XL — Xe) 

IZI = VR2 + (XL — X0)2 

where L = inductance, henrys; 
C = capacitance, farads; 
R = resistance, ohms. 

CONDUCTANCE, SUSCEPTANCE AND ADMITTANCE 
Conductance is the reciprocal of resistance : G = 1/R 
Susceptance is the reciprocal of reactance: B = 1 /X 
Admittance is the reciprocal of impedance: Y = 1 /Z 

Ohm's Law for A.C. Circuits 
The various transformations for A.C. circuits are: 

Voltage: E = IZ = 1/Y 
Current: / = EIZ = EY 

Impedance: Eli = V R3 -I- X' 
Admittance: Y = 1/Z = VG1 + B2 
Conductance: G =--- Riz2 = R f(R2 X') 
Susceptance: B = —XIZt — Xl(R2+ X2) 
Power: P = EI cos PÉcos q5 

= PR = Et 005 4./Z 



(g) 
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where E = voltage; 
I = current, amperes; 
Z = impedance, ohms; 
Y = admittance, mhos ;• 
R = resistance, ohms; 
X = reactance, ohms; 
G = conductance, mhos; 
B = susceptance, mhos; 
P = power, wâtts; 
= phase angle between current and voltage. 

Impedances in Series and Parallel 

Series ; Z = Z, Z2 Z, . . . etc. 

Parallel: 1/E = 1/Z1 + 1/Z, ± 1/Z3 . . . etc. 

Z = Z,Z21(Zi 23) for two impedances in parallel. 

Series: 1/Y = 1/Y, 4- 1/Y, + 1/Y, . . . etc. 

Parallel: Y = Yi Y3 ± Y3 . . . etc. 

where Z,Z,Z3 = impedances in series or parallel; 
Y,Y2Y3 = admittances in series or parallel. 

Z and Y ale complex quantities, which must be added or subtracted 
vectorially by resolving into their real and imaginary parte. 

Z = R jX = VMRa--X 

Y = jB = VG* B' 

Impedances (and reactances) are added vectorially when in series; 
Admittances (and susceptances) are added vectorially when in parallel. 

—/ 00 
la) b) (cl 

L p R L 

--"-WMAi--/ — MA/Mr-41i— —WNW—Rio \---1C1— 
(d (el (f 

( h (i) 

Fla. S.—RESISTANCES AND REACTANCES IN SERIES AND PARALLEL. 
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Resistances and Reactances in Series and Parallel 

TABLE 4.—IMPEDANCE AND PHASE ANGLE FORMULE 

Fig. 8 
Refer-
ence 

Magnitude of I mpedante, I Z I Phase Angle, 4 

R " 
XL 
X. 

Vie Irj 

VR. + (XL - 
+ (RI X L)' 

RIV1+ (RIXt)1  
I J(10 + 12)I[(1 — XLIX.,)' + (RI X.,)'/ 

w/2 

— 

arc tan (XL/R) 
— arc tan ( X.IR) 

are tan [(X — It)IRI 
arc tan (R X L) 

— arc tan (RIZ.,) 

arc tan (XL(1 — IL/Xe) — R11.1,11R 

where XL --= reactance due to inductance (= 2/11L), ohms; 
X. = reactance due to capacitance (= 1/2rfC), ohms. 

EXAMPLE 1.—A circuit consists of two branches in parallel, one coittain-
ing a coil of inductance 120 mH in «ries, with a resistance of 150 ohms, and 
the other containing a capacitor of 0-2 FF in series with a resistance of 
200 ohms. If a voltage of 100 at a frequency of 1,000 cis is applied, 
determine: (a) the branch currents; (b) their phase angles with respect to 
the applied voltage ; and (c) the total current that will flow. 

Branch impedances: 

Z, = R, juiL 

= 150 -I- j(2-ir x 1,000 x 120 x 10') 

=-- 150 -I- j753 

(a) 

0•2pF 

R 2 
2oon 

Fia. 9.—EXAMPLE 1. 

12 
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Z, = R, - jlioC 

1  
= 200 j( 27i x 1,000 x 0-2 x 

= 200 - 5797 

Scalar values of impedances: 

Z, = 1/R,' (01L)' = V150' ± 753' = 767 ohms 

Z, = R,2 (11con2 = 1/2001 + 797' = 822 ohms 

Branch currents : 

100 
I, = = 0.1305 amperes 

100. 
=E/14,1 — 0•1217 amperes  

822 

Phase angles of branch currents 

= arc tan (XL/11 1) = are tan 753 = + 79° approx. 
150 

=- arc tan (X,/R,) = arc tan 797 e, = _ 76° approx. 
200 

Admittance of both branches in parallel: 

Y 12 Y  I + Y2 

1 1  
= 150 + j 753 + - j 797 

150 - j 753 200 ± j 797 
150' ± 753' 200' 797' 

= ( 2.54 x 10-4) - j(1.28 x 10-") -I- ( 2.96 x 10-4) + 5(1.18 x 10-3) 

= (5.50 x 10-4) - j(1.00 x 10-4) 

Total current : 

100 V(5.50 x 10-9' + ( 1.00 x 10-4)1 

= 0.056 amperes 

EXAMPLE 2.—Calculate the impedance of a combination of an inductance 
of 150 µH, a capacitance of 200 pie and a resistance of 10 kC in para//el 
at a frequency of 1 111c,,s. 

Branch A: 

Inductive reactance 

X, = 277fL 

= 2n x 10' x 150 x 10-4 ---- 300n 
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Susceptance 

B1 r — 1/X, 

— 3007r = 
1.061 X 10-3 

Z 
Branch B: 

Capacitive reactance 

X, = — 1127rfC 
10.—EXAMPLE 2. 1  10' 

— 2 x.10" x 200 x 10-31 — 47r 

Susceptance 

B, = — 112C, 

= 10 = 1.257 x 10-3 4 

Branch C: 

Conductance 

Gy = 1/R 

= —1 = Mr' 
104 

Combined admittance 

Y = jB, jB, 03 

= 0 3 ± j(131 131) 
= 10-4 j(- 1-061 x 10-3 + 1.257 x 10-3) 

10-4 -I- j(1.96 x 10-4) 

I YI = VW° (3.84 x 10-B) 
= 2.2 x 10-4 mhos 

Combined impedance 

IZI = 1/IYI 
1 

2.2 x 10-' = 4,550 ohms 

EXAMPLE 3.—An e.m.f. of 100 volts at a frequency of 2 Mcls is applied 
to a circuit consisting of: (a) an inductance L = 50 pR in series with a 
resistance R = 25 ohms in parallel with (b) a capacitance C = 100 ap.F. 
Find the combined impedance, the magnitudes of the currents through each 
branci., the total current and the phase relationships of the currents to the 
voltage. 
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100v 
2 Mc/s 

I a 

FIG. 11.—EXAMPLE 3. 

12=0, 

012 

(b) 

Impedance of Branch A - 

Z, = R jXL = R jce 

= 25 + j(2ir x 2 x 10° x 50 x 10-4) 

= 25 + 5628 

Impedance of Branch B: 

Z, = —Pec-= —j121rfC 

11 E/Z1 

1  
—I 2 x 2 x 10°x 10-1° — —5796 ohms 

X. -= 796 ohms 

Then impedance of parallel combination: 

Zs, = ZsZsi(Z1 ± Zs) 

(R Pr)(— 5X.)/[R i(XL Xs)] 
= XitRI[R2 + (XL — X.)I] 

i[Xe(XtXe — — XL')]/[R' (Xi — Ic)1 
79(P x 25  .798(62é x 798 — 25' — 6282) 

— 25' + (628 — 796)' 2 25' + (628 — 796)2 

= 547 + 12880 

Combined impedance: 

12,2f = V5472 + 2,880' = 2,940 ohms 

Branch Currents: 

100 Branch A / = E /Z == O•159 amperes 
62S 



RADIO AND TELEVISION REFERENCE BOOK 

/00 , 
Branch B /, = EIZ, = 0-.16 amperes 

100 
Total I„— EIZ„ -= —2,940 = 0-034 amperes 

Phase Angles: 

Between II and E 
828 e, = arc tan -e  

= ft7e approx. I lagging behind E. 

Between Is and E 

et — arc tan 7-t---936 

= 90° I, léading on E. 

Between /,, and E 
2,880 e„ = arc tan 
547 

= 79° approx. 12 lagging behind E. 

These results are illustrated vectorially in Fig. 11 (b). 

CIRCUIT THEOREMS 

Equivalence of Series and Parallel Complex Circuits 
Resistance and reactance elements in parallel can be converted into 

series equivalents and vice versa by the use of the following relation-
ships. These relationships are valid only for the particular frequency 
for which they are calculated. 

Rp 

Rs 

Xs 

12.—EQUIVALENCE OF SERIES 
&ND PARALLEL COMPLEX CIR-

CUITS. 

R, R, -f: X.'/R, 

X, = X.+ RisIX, 

R, R,/{l -I- (R2,14)1} 

X, = 41(1 (X,IR,)2) 

where 

R, = equivalent resistance of paral-
lel circuit, ohms; 

R, = equivalent resistance of series 
circuit, ohms; 

= equivalent reactance of paral-
lel circuit, ohms; 

X, -= equivalent reactance of series 
circuit, ohms. 

EXM‘PLE 1.— Translate the circuit shown in Fig. 13 into its simplest 
series equivalent for a frequency of 1 Mc/e. 



= 27r x 10° x 5  
 — 
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lokn. 

0-0005 Rp= 104n. XP= - 5/1 
PF 

13.—L.X.AXPLE 1. 

Considering the right-hand branch: 

Inductive reactance 

XL = 2nfL = 6-28 x 106 x 50 x 10-2 = 314 ohms 

Capacitive reactance 

1  
X. = 112fffe — 6-28 X 104 X 5 X 10-1° 

319 ohms 

Effective reactance 

X, = XL — X, = 314 — 319 = — 5 ohms 

Equivalent series resistance 

R. = R,/{1 (R,IX,)4} 

104  
— 1 + ( 102/ — 5)2 = 0-0025 ohms 

Equivalent series reactance 

X. = X,/{1 (Xplii„)2} 

— 5  
1 ( — 5/102)2 5 °inns 

This is equivalent to a capacitance C. in series: 

C, = — I/271X, x i.iF 

JO' 0.032 ILE 

Star and Mesh Networks 

A network of star-connected impedances Z., Ze, Z. is equivalent to a 
mesh-connected network Z1, Z 2, Z3 between terminals AB, BC, CA 

when 
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Z2 

Fm. 15.—EXAMPLE 2. 

FIG. 14.—STAR AND MESH 
NETWORK. 

For the converse, 
Z1 = Z. + Zé ZAIZ. 

Z2 = Z5 + Z. + 

Z3 =-" Z, + Z. + Z.Z./Z. 

EXAMPLE 2.—Find the equivalent resistance of the resistance network 

shown in Fig. 15. 

5 7 

(al 

Z a 
5 3.33 

7 

(13) (cl 

7-33 

7 
(d) 

16.—SOLUTION OP ENASIPLE 2. 

The circuit can be simplified successively as in Fig. 16 (a) and (b) 
and the mesh-connected portion converted into the equivalent star as 
in (c). Then the impedance of the arms of the star are: 

5 x 2  
Z. — 0.476 ohms 

= 5 + 14 + 2 

5 x 14  
.Z5 — 3.33 ohms 

5 14 ± 2  

14 x 2  
Z. = = 1-33 ohms 

5 14 -I-- 2 

Re-arranging (c) as in (d) 

7.33 x 10.33 —.4-77 ohms .= 0-476 4- 7.33 ± 10-33 
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NETWORK EI NETWORK MODIFIED 
Z1 

FIG. 17.—THEVENLN'S THEOREM. 

Thevenin's Theorem 

The current in any branch Z, of a network is the same as if it were 
connected to a generator of e.m.f. E, and internal impedance Z1. 

I = Eij(Z, ± Z1) 

where E, = voltage appearing across the branch when open-circuited; 
Z, = impedance of network between branch terminals, all 

sources of e.m.f. in tne network being replaced by their 
internal impedances. 

EXAMPLE 3.—Find, by the we of 
Thevenin'a Theorem, the current indicated 2000f1 1200f/ 
by the milliammeler in the unbalanced 
bridge network of Fig. 18. 

Remove branch BD, Fig. 19 (a), in 500t1 400n 
which it is rèquired to know the current. 
Let E, = p.d. across branch AB and 
E, = p.d. across branch AD. Then the 
e.m.f. appearing across branch BD 

E, = E, — E, 

,000 ± 1,200 
2,000  x 10) (  5°°  

U. • 10) 000 + 400 
= 0-694 volts 

Impedance of network between B and D (Fig. 19 (b)) 

1 0 V - 

FIG. 18.—EXAMPLE 

Z — 2,000 x 1,200 + 500 x 400 
2,000 ± 1,200 500 + 400 

= 972 ohms 

2000 1200 
.C1 n z _ 

Ei A I 97211 l Zo= 50f1 
c 1- 

CI  500 400 i ! 0.694v 1 
500 n ,1, L._._.i 

B 

3. 

(b) 

19.— SoLunos OF EXAMPLE 3. 

(c1 
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FIG. 20.—KIIICHHOWS LAW. 

Sum of Currents. 

R. 
e. 

' Fla. 21.—KIRCHHOFF'S LAW. 

Sum of Products of Current 
and Resistance. 

The equivalent network, Fig. 19 (c). is then a generator of e.rn.f. = 
0.694 volt and internal resistance Z1 = 972 ohms. Henco the current 
in branch BD 

I = E1/(Z + Z0) 

0.694  
972 + 50 

= 0.00068 ampere or 0.68 mA 

Kirchhoff's Laws 

(1) The algebraic sum of the currents which meet at a junction point 
in a circuit at any instant is zero (Fig. 20,. 

is + is + . . 

(2) The algebraic sum of the products of current and resistance of 
each part of a closed circuit is equal to the e.m.f. acting in the circuit 
(Fig. 21). 

iiRi itRs isRs + • • • EiR = e 

N.B.—These laws apply to instantaneous and vector quantities, but 
not to r.m.s. values. 

EXAMPLE 4.—Calculate the currents flowing in each branch of the 
network shown in Fig. 22 (a). 

R,=1001-2 Rz=200C1 

10V 

(a) 

15 V 

(b) 

22.—EXAMPLE 4. 

0.019A 0.035A 
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Applying Kirchhoff's Laws and assuming directions of currents shown 
in Fig. 22 (a), we obtain three simultaneous equations, from which 
i, and i, can be evaluated. 

1, + 1, + 13 — 0   (1). 

el ± iIR, — 13R8 =   (2) 

e2 i2R, — 13R3 — 0   (3) 

Subtracting ( 3) from (2) to eliminate is 

— e, + 1,1R — 12R2 -= 

10 — 15 + 100i 1 — 200i, = 

12 = 0.5i, — 0.025 . . (4) 

Multiplying ( 1) through by R, and subtracting (3) to eliminate i, 

— e, + i,(Rs R3) = d 
20dii.— 15 + 35013 =-

i3 = 0.0429 — 0.571i, . (5) 

Substituting these values of j2 and £3 in ( 1) to evaluate i, 

-F 0.5i, — 0.025 — 0.571i, 0-0429 = 

— 0.0194 ampere 

Substituting this value of i, in (4) to evaluate is 

= (0.5 x — 0.0194) — 0.025 

— 0.0347 ampere 

Substituting the value of i in (5) to evaluate i, 

is = 0.0429 — (0.571 x — 0.0194) 

=  0.054 ampere  

GAINS AND LOSSES 
Power Levels 

In communication systems the decibel Bel) is the practical unit 
of power, voltage or cut rent level. It is used in various ways to define: 

(a) a difference in level (gain or loss) of power or voltage between 
two points, e.g., the output and input of an amplifier or trans-
missien line; 

(b) a change in level (increase or decrease), e.g., in the output of 
an amplifier; 

(c) a definite level by reference to some arbitrary level, called 
zero level. 

Zero level of power (European standard) --- 1 mW 
Zero level of power (U.S.A. standard) = 6 mW 
Zero level of acoustic loudness = 0.0007 dynes/sq. cm. at 

400 c/s 
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A difference or change in level is expressed as so many decibels up or 
down, or so many decibels gain or loss. 
A particular level is expressed as so many decibels above or below 

zero level. 

POWER GAIN on Loss 

Power gain or loss, decibels 

N -= 10 log„ (Pt/P1) is the gain 
— N = 10 log„ (Pi/P2) is the loes 

Conversely, a power ratio: 

P,/P1 = antilog (N/10) 

where P, --- power input or reference level; 
P, = power output. 

The overall gain of a system is the sum of the individual gains of each 
link, in decibels, gains being reckoned and losses as — gains. 
When P2/Pi < 1 (a loss), calculation is simplified by inverting the 

ratio and prefixing by the negative sign. 

N = — 10 log„ (P,//3,) 

VOLTAGE GAIN OE Loss 

Voltage or current gain or loss, decibels: 

N = 20 log„ (E2/E,) = 20 log 10 (4/1,) 

Conversely, a voltage ratio: 

-= antilog„ (N/20) 

EXAMPLE 1.—What is the percentage efficiency of power transfer in a 
transmission line which has a loss of 2 db ? 

Loss in decibels N = — 10 log o (PI/Pi) 

Hence P1/P1 = antilog ( — N/I0) 

= antilog (2/10) 

=- 1.585 

Efficiency, per cent = 100 P 2 /Pi 

1 
= 100 X = 83.1 per cent  

1.585 

EXAMPLE 2.—The power outply from an amplifier is increased from 
2 to 5 watts. What is the change in level in decibels ? 

N =- 10 log„ (5/2) = 10 log „ 2-5 

= 3.979 or 4 db gain approx. 

EXAMPLE 3.—If the energy gain of an aerial array over a single element 
is 12.6, what is the gain in deLibels ? 

N = 10 log„ 12.6 = 10 x 1.1004 = 11 db  approx. 



+40db 

24.— EXAMPLE 6. 
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EXAMPLP 4.—The field streneh of a desired signal at a receiver is 
20 µV and that of an interfering iignal is 9 µV. What s the signal 'inter-
ference ratio in decibels ? 

Signal interference ratio = 20/9 

= 20 log„ (20/9) = 20 log„ 2-222 = 6.94 db 

EXAMPLE b.—The 6utput level of a microphone is 60 db below I vo.e 
when working into a resistance of 5 ohms. Find the gain to be provided 
by an amplifier to produce an outm,t of 2 watts into 3,000 ohms. 

23.—ExAmpLE 5. - 60db 
ref. iv 3000n 

Input level = — 60 db reference volt 
Input voltage : 

E, = antiloe (N/20) = antilog (— 60/20) =- 0.001 volt 

Power input: 

Pi = = 0.001 2/5 2 x 10-2 watt 

Gain to be provided: 

= 10 logo (P2/Pi) = 10 log10 [2 /(2 X 10")] 
= 10 log10 102 -=- 7idb 

Impedance Changes 

If the input and output impedances are not equal, voltage gain or 
loss must be specified with reference to the impaciances. Then 

N = 20 log ic, (E2/E1) + 10 log„ (Z1/22) 

where Z,Z, = input and output impedances, respectively, provided 21 
and Z 2 have the same phase angle. 

Power gain or lose can be specified without reference to impedance. 

EXAMPLE 6.—An amplifier provides a gain of 40 db with an input of 
0.5 volt across 2 Mû and an output load resistance of 4,000 ohms. Deter-
mine the voltage across the load and the power output. 

E2 P2 
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N = 20 loffio (E1/E1) + 10 log10 (RI/Rs) 

Output voltage: 

10 log 10 (Rs/RI)) 
Ei= E antilog (N  20 

— 10 log10 (2 x 104/4,000)) 
= 0.5 antilog (40 20 

= 0.5 antilog 0-85 = 2.23 volts  

Power output 

2.234 x 1,000 niw 
Ps = E22 watts = 4,000 

= 1.24 mW  

Ex.triemi 7.—The voltage gain of an amplifier stage is equal to 
gr,,RLR.I(Rt. -I- R.). Determine the stage power gain in decibels, given that 

Mutual conducturws, g„ = 1.8 mAlvolt; 
Anode A.C. resistance. R. = 5,000 ohms; 
Load resistance. RL = 20,000 ohms; 
Input resistance = 1 Mil. 

g„, = 1.8 x 10-3 ampere/volt 

VOLTAGE GAIN 
ni = 9.ReR.I(RL 4- R.) 

1.8 x 10-4 x 20,000 x 5,000 
20,000 -I- 5,000 

18  , 
— • ..‘ 
2.5 

POWER GAIN IN •DB 
N = 20 log„ (E1/E1) ± 10 log 10 (Rs/Rs) 

-= 20 log 10 7.2 -I- 10 log [ 104/(2 x 104)] 
20 log 10 7.2 10 log 50 

= 34.14 db 

Volume Units 
In audio-frequency work the volume unit (VU) is the volume level 

above zero reference level, and is taken to be 1 mW into 600 ohms. 



FORMULA AND CALCULATIONS 1-27 

ELECTRICAL TOLERANCES 

Electrical tolerance is the maximum deviation allowable from the 
nominal value, usually expressed as a percentage of the nominal value. 

p = 100 r/R 

where R = nominal value; 
r deviation from nominal value. 

RESISTANCES OR INDUCTANCES Dr SERIES s(OR CAPACITORS IN 
• PARALLEL). 

Overall Tolerance (Per Cent) 

P = (PiRt -F PiRs • • •)/(R1 -I- Rs + • 

Two resistances or inductances in parallel (or two capacitors in 
series) 

piR,(1 p3/100) p,R,(1 7) 1/100) 
P = R,(1 pi/100) + R1(1 ± p,J100) 

(p,R, p,R 1)1(R, R3) for.small tolerances • 

where PIP:, etc. = percentage tolerances of individual resistances; 
R,R,, etc. = nominal values of ihdividual resistances. 

EXAMPLE 1.—Two resistors of 500 and 1,000 ohms have respectively 
tolerances of ± 2¡ and ± 5 per cent. What is the maximum percentage 
variation in resistance of the combination when connected: (a) in series; 
(b) in parallel 

(a) P = (PiRi P2R2)/(Rt Rs) 

(2-5 x 500) ± (5 x 1,000) 
=  — 4-9 per cent 

500 + 1,000 

= (PiRa PaRi)/(Rt Rs) 

(2•5 x 1,000) + (5 x 500) 
— 3 3 per cent 

500 + 1,000 

(b) 

R,±r1 R,±r, 

Rer1 

Ritr, 

Fin. 25.— OVERALL 
TOLERANCE. 

Rs 

26.—METER 
SHUNTS. 
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Meter Resistances 

VOLTMETER AND SERIES RESISTANCE 

Overall accur-:ey per cent: 

P = (Pe. + P.R.)/(R,,. Rr) 

AMMETER AND SHUNT RESISTANCE 

P = (Pm — ne)Rmi(Rte -I- R.I.) 

where = percentage overall accuracy of meter alone • 
p. = percentage tolerance of series resistance; 
• = percentage tolerance of shunt resistance; 
• = nominal resistance of meter alone; 

= nominal value of series resistance; 
Rd, = nominal value of shunt resistance. 

EXAMPLE 2.—The accuracy of a moving coil meter is ± 1 per cent and 
the resistance of the coil is 20 ohms. What is the maximum possible overall 
error when the meter used: (a) as a voltmeter in series with a resistance 
of 198 ohms ± 2 per cent; (b) ae a milliarnmeter shlinted by a resistance 
of 2.22 ohm. ± 2 percent? 

(a) 

(b) 

P = + P.R.)1(R« Rr) 
(1 x 20) ± (2 x 198) 

-20 -I- 198 

= 1.9 per cent 

P = (Pia — Pin)Rml(Rm Rd.) 

(2 — 1) x 10 
- 10 .2.22 — 0.82 per cent  

Frequency Tolerance 

Frequency tolerance is the maximum 
deviation allowable above or below the 
nominal frequency, expressed as a percentage 
of the nominal frequency. 

p = 100àfif 

where f -= nominal frequency; 
àf = deviation from nominal frequency. 

When sum and difference frequencies are produced .by modulation, 
de-modulation or heterodyning, the maximum percentage divergence of 
the resulting frequencies 

p = (pd, pmf„,)/(f, f„.) for the upper (sum) frequency 

= (pof„, p„J„,)I(fo — f,,,) for the lower (difference) frequency 

where pc, = percentage variation of signal frequency; 
p„, = percentage variation of modulating frequency; 
A .-- nominal signal frequency; 
f„, = nominal modulating frequency. 

2.22i1±2% 

27.—EXAMPLE 2. 
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EXAMPLE 3.—A recee cal signal of frequency 16 Mc Is having a maximum 
variation of ±0-01 per cent is applied to the mixer stage of a receiver, 
where it is heterodyned by a local oscillator at a frequency of 15.4 Mc/8 
±0.005 per cent. What is the maximum percentage variation of the 
difference frequency 7 

p = (p.f. + pf...)/(f0 .1;) 

(0.01 x 16) (0.005 x 15.4) 
18 — 15.4 

— 0-395 per cent 

FREQUENCY AND WAVELENGTH 

The velocity of electromagnetic wave propagation in a given mediuin 
is constant, and in space is equal to that of light, c = 2.998 x 108 
metres/second approximately. For all practical applications c is 
taken as 3 108 metres/second. The frequency, in terms of velocity 
(c) and wavelength (A) in metres, 

= c jA 

More useful forms are: 

f (in cis) = 3 x 108/A 

f (in kc/s) = 3 x 109 

f (in Mc/s) 300/A 

Useful datum points for mentally converting frequency and wave-
length are given in Table 5A. 

TABLE 5A.—FREQUENCY—W AVELENGTH CONVERSION 

f in Mo/s . 1 3 10 30 100 300 1,000 3,000 

A in metres 300 100 30 10 3 1 0.3 801 

Table 513 on the following pages gives conversion points throughout 
the range 10.0-99.9 in 0.1 steps, and may be used for both wavelength-
to-frequency and frequency-to-wavelength conversion provided that 
the correct units and position of the decimal points are ascertained from 
Table 5A. 
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TABLE 5B. 

W AVELENGTH/FREQUENCY CONVERSION TABLE 

0 I 2 3 4 5 6 7 8 9 

lo 30,000 29,703 29,412 29,126 28,846 28,571 28,302 28,037 27,778 27,522 
11 
12 

27,273 
25,000 

27,027 
24,793 

26,786 
.24,590 

26,549 
24,390 

26,316 
24,193 

26,087 
24,000 

25,862 
23,809 

25,641 
23,622 

25,424 
23,437 

25,211 
23,25E 

13 
14 

23,077 
21,429 

22,901 
21,277 

22,727 
21,127 

22,556 
20,979 

22,388 
20,833 

22,222 
20,690 

22,059 
20,548 

21,898 
20,408 

21,739 
20,270 

21,38 
20,13 

15 
16 

20,000 
18,750 

19,867 
18,634 

19,737 
18,518 

19,608 
18,405 

19,480 
18,293 

19,355 
18,182 

19,231 
18,072 

19,108 
17,964 

18,987 
17,957 

18,86 
17,75 

17 
18 

17,647 
16,667 

17,544 
16,575 

17,442 
16,483 

17,341 
16,393 

17,241 
16,304 

17,143 
16,216 

17,045 
16,129 

16,949 
16,043 

16,854 
15,957 

16,760 
15,87 

19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48' 
49 
60 
51 
52 
53 
54 

15,790 
15,000 
14,286 
13,636 
13,043 
12,500 
12,000 
11,538 
11,111 
10,714 
10,345 
10,000 
9,677 
9,375 
9,091 
8,823 
8,571 
8,333 
8,108 
7,895 
7,692 
7,500 
7,317 
7,143 
6,977 
6,818 
6,667 
6,522 
8,383 
6,250 
6,122 
6,000 
5,882 
5,769 
5,660 
5,556 

15,707 
14,925 
14,218 
13,575 
12,987 
12,448 
11,952 
11,494 
11,070 
10,676 
10,309 
9,967 
9,646 
9,346 
9,063 
8,798 
8,547 
8,310 
8,086 
7,874 
7,672 
7,481 
7,299 
7,126 
6,961 
6,803 
6,652 
6.508 
6,369 
6,237 
6,110 
5,988 
5,871 
5,758 
5,650 
5,545 

15,625 
14,851 
14,151 
13,513 
12,931 
12,897 
11,905 
11,450 
11,029 
10,638 
10,274 
9,934 
9,615 
9,317 
9,036 
8,772 
8,523 
8,287 
8,065 
7,853 
7,653 
7,463 
7,282 
7,109 
6,944 
6,787 
6,637 
6,494 
6,356 
6,224 
6,097 
5,976 
5.659 
6,747 
5,639 
5,535 

15,544 
14,778 
14,084 
13,453 
12,875 
12,346 
11,858 
11,407 
10,989 
10,601 
10,239 
9,901 
9,585 
9,288 
9,009 
8,746 
8,499 
8,264 
8,043 
7,833 
7,633 
7,444 
7,261 
7,092 
6,928 
6,772 
6,622 
6,479 
8,343 
6,211 
6,085 
5,964 
5,848 
5,736 
5,629 
5,525 

15,464 
14,706 
14,019 
13,493 
12,820 
12,295 
11,811 
11,364 
10,949 
10,563 
10,204 
9,868 
9,554 
9,259 
8,982 
8,721 
8,375 
8,242 
8,021 
7,813 
7,614 
7,426 
7,246 
7,075 
6,912 
C 757 
6,608 
6,666 
6,329 
6,198 
6,073 
5,952 
5,836 
5,723 
5,618 
5,515 

15,385 
14,634 
13,954 
13,833 
12,766 
12,245 
11,765 
11,321 
10,909 
10,526 
10,169 
9,836 
9,524 
9,231 
8,955 
8,696 
8,451 
8,219 
8,000 
7,792 
7,595 
7,407 
7,229 
7,059 
6,897 
6,742 
6,593 
6,452 
6,316 
6,186 
6,061 
5,941 
5,825 
5,714 
5,607 
5,505 

15,306 
14,563 
13,889 
13,274 
12,712 
12,195 
11,719 
11,278 
10,870 
10,489 
10,135 
9,804 
9,494 
9,202 
8,929 
8,671 
8,427 
8,197 
7,979 
7,772 
7,576 
7,389 
7,211 
7,042 
6,881 
6,727 
6,579 
6,438 
6,302 
6,173 
6,048 
5,929 
5,814 
5,703 
5,597 
5,494 

15,228 
14,493 
19,826 
13,216 
12,658 
12,146 
11,673 
11,236 
10,830 
10,453 
10,101 
9,772 
9,464 
9,174 
8,901 
8,645 
8,403 
8,174 
7,958 
7,752 
7,557 
7,371 
7,194 
7,026 
6,865 
6,711 
6,565 
6,424 
6,289 
6,160 
6,036 
5,917 
5,803 
5,692 
5,587 
5,485 

15,151 
14,423 
18,762 
13,158 
12,605 
12,097 
11,628 
11,194 
10,791 
10,417 
10,067 
9,740 
9,434 
9,146 
8,876 
8,621 
8,380 
8,152 
7,937 
7,732 
7,538 
7,353 
7,177 
7,009 
6,810 
6,696 
6,550 
6,410 
6,276 
6,148 
6,024 
5,905 
5,791 
5,682 
5,576 
5,474 

15,07 
14,35 
13,69 
13,101 
12,551 
12,04f 
11,58: 
11,15: 
10,75: 
10,381 
10,03: 
9,701. 
9,40. 
9,10 
8,85 
8,69 
8,35 
8,13 
7,91 
7,71 
7,51 
7,33 
7,16 
6,99 
6,83 
6,68 
6,53 
6,39 
8,26 
6,13 
6,01 
5,89 
3,78 
5,67 
5,56 
5,46 

5 

2 

7 
3 
5 
2 
4 
o 

6 
4 

Examples: 

27.2 metres = 11.029 kc/s. 
2720 metres = 110.29 kc/s. 
272 kc/s = 1102 9 metres. 
2.72 Mcis - 110.29 metres. 
27.2 cm - 1102.9 hIc/s. 

498 metres = 6,024 kc/s. 
494 kc/s = 602.4 metres. 
4.98 Mc/s = 60.24 metres. 
498 metres = 602.4 kc/s. 
49.8 cm = 602.4 Mc/s. 
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TABLE 5B (contd.) 

W AVELENGTH/FREQUENCY CONVERSION TABLE 

o 1 2 3 4 6 6 7 8 9 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
78 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

5,455 
5,357 
5,263 
5,172 
5,085 
5,000 
4,918 
4,839 
4,762 
4,687 
4,615 
4,546 
4,477 
4,412 
4,348 
4,286 
4,225 
4,167 
4,110 
4,054 
4,000 
3,947 
3,896 
3,846 
3,797 
3,750 
3,704 
3,658 
3,614 
3,671 
3,529 
3,488 
3,448 
3,409 
3,371 
3,333 
3,297 
3,261 
3,226 
3,191 
3,158 
3,125 
3,093 
3,061 
3,030 

5,445 
5,347 
5,254 
5,164 
5,076 
4,992 
4,910 
4,831 
4,754 
4,680 
4,608 
4,539 
4,471 
4,405 
4,342 
4,279 
4,219 
4,161 
4,104 
4,048 
3,995 
3,942 
3,891 
3,841 
3,793 
3,745 
3,699 
3,654 
3,610 
3,567 
3,525 
3,484 
3,444 
3,405 
3,367 
3,330 
3,293 
3,257 
3,222 
3,188 
3,154 
3,122 
3,090 
3,058 
3,027 

5,435 
5,338 
5,245 
5,155 
5,068 
4,983 
4,902 
4,823 
4,747 
4,673 
4,601 
4,532 
4,464 
4,399 
4,335 
4,273 
4,213 
4,155 
4,098 
4,043 
3,989 
3,937 
3,886 
3,836 
3,788 
3,741 
3,694 
3,649 
3,606 
3,563 
3,521 
3,480 
3,440 
3,401 
3,363 
3,326 
3,289 
3,254 
3,219 
3,185 
3,151 
3,118 
3,086 
3,055 
3,024 

5,426 
5,329 
5,236 
5,146 
5,059 
4,975 
4,894 
4,815 
4,739 
4,666 
4,594 
4,525 
4,458 
4,392 
4,329 
4,267 
4,207 
4,149 
4,098 
4,038 
3,984 
3,932 
3,881 
3,831 
3,783 
3,736 
3,690 
3,645 
3,601 
3,559 
3,517 
3,476 
3,436 
3,397 
3,359 
3,322 
3,286 
3,250 
3,215 
3,181 
3,148 
3.115 
3,083 
3,052 
3,021 

6,415 
5,319 
5,227 
5,137 
5,050 
4,967 
4,886 
4,808 
4,732 
4,658 
4,587 
4 518 
4,451 
4,386 
4,323 
4,261 
4,202 
4,144 
4,087 
4,032 
3,979 
3,927 
3,876 
3,826 
3,778 
3,731 
3,686 
3,641 
7,597 
3,554 
3,513 
3,472 
3,433 
3,394 
3,356 
3,319 
3,282 
3,247 
3,212 
3,178 
3,145 
3,112 
3,080 
3,049 
3,018 

5,405 
5,310 
5,217 
5,128 
5,042 
4,959 
4,878 
4,800 
4,724 
4,651 
4,580 
4,511 
4,444 
4,380 
4,316 
4,255 
4,196 
4,138 
4,081 
4,027 
3,973 
3,922 
3,871 
3,822 
3,774 
3,727 
3,681 
3,636 
3,593 
3,550 
3,509 
3,468 
3,429 
3,390 
3,352 
3,315 
3,279 
3,244 
3,208 
3,175 
3,141 
3,109 
3,077 
3,048 
3,015 

5,396 
5,300 
5,208 
5,119 
5,034 
4,951 
4,870 
4,792 
4,717 
4,644 
4,573 
4,504 
4,438 
4,373 
4,310 
4,249 
4,190 
4,132 
4,076 
4,021 
3,968 
3,916 
3,866 
3,817 
3,769 
3,722 
3,676 
3,632 
3,589 
3,546 
3,505 
3,464 
3,426 
3,386 
3,348 
3,311 
3,275 
3,240 
3,205 
3,171 
3,138 
3,106 
3,074 
3,043 
3,012 

5,386 
5,291 
5,199 
5,111 
5,025 
4,942 
4,862 
4,785 
4,710 
4,637 
4,566 
4,498 
4,431 
4,367 
4,304 
4,243 
4,184 
4,126 
4,071 
4,016 
3,968 
3,911 
3,861 
3,812 
3,764 
3,718 
3,672 
3,628 
3,584 
3,542 
8,501 
3,460 
3,421 
3,382 
3,344 
3,307 
3,271 
3,236 
3,202 
3,168 
3,135 
3,102 
3,070 
3,040 
3,009 

5,376 
5,282 
5,190 
5,102 
5,017 
4,934 
4,854 
4,777 
4,702 
4,630 
4,559 
4,491 
4,425 
4,360 
4,298 
4,237 
4,178 
4,121 
4,065 
4,011 
3,958 
3,906 
3,856 
3,807 
3,759 
3,713 
3,667 
3,623 
3,580 
3,538 
3,496 
3,456 
3,417 
3,378 
3,341 
3,304 
3,268 
3,233 
3,198 
3,165 
3,131 
3,099 
3,067 
3,036 
3,006 

8,367 
5,272 
5,181 
5,093 
5,008 
4,926 
4,846 
4,769 
4,695 
4,622 
4,552 
4,484 
4,418 
4,354 
4,292 
4,231 
4,172 
4,115 
4,080 
4,005 
3,959 
3,901 
3,851 
3,802 
3,754 
1,708 
3,663 
3,619 
3,576 
3,534 
3,492 
3,452 
3,413 
3,375 
3,337 
3,300 
3,264 
3,229 
3,195 
3,161 
3,128 
3,096 
3,064 
3,038 
3,003 

Examples: 

84.3 metres 3,559 ke/s. 
843 metres 355.9 kc/s. 
8.43 Mc/s 35.59 metres. 
8130 Mc/s ••• 3.559 cm. 
8430 metres 35.59 kc/s. 

57.5 metres 5-217 Mc/s. 
575 kc/s 521.7 metres. 
575 hiele - 52-17 metres. 
575 Mc/s 52.17 cm. 
57-5 kc/s 6217 metres, 
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RESONANT CIRCUITS 
Resonance 

Resonance occurs when the inductive and capacitive reactances of 
a tuned circuit are equalized, i.e., when 

XL = Xe 
coL = 1 fue 

RESONANT FREQUENCY 

(o, = i/Vrd 
f, = 1 / 2.1TV LC 

where w = 277 x frequency (c/s); 
w, = 2ir x resonant frequency (c/s); 
L --- inductance, henrys; 
C = capacitance, farads; 
f, = resonant frequency, c/s. 

If f is in kc/s, L iii cH and C in /LI.' 

f,kc/s = 15à/VLC 

Am = 1885‘/LC 

Series Resonant Circuit 

MAGNIFICATION FACTOR 

Q = XLIR = XeIR at resonance 

Impedance is a minimum and current a maximum at resonance. 

Then Z= R 
I= 

IMPEDANCE OFFeRESONANCE 

Z = Ve ± (XL — Xej2 

= V1 + (QF)2 

CURRENT OFF RESONANCE 

I = 1,/Vi (QP")1 

for excitation of constant amplitude 

EL Xt.= tiiL 

FIG. 28.—SERIES RESONANT 
CIRCUIT. 

tL- 200mH R= lon 

..r. C- 0.0002,JF 

I 
Fm. 29.—EXAMPLE 1. 



FORMULA AND CALCULATIONS 

PHASE ANGLE or Crunrer 

e = arc tan (X IR) 
= arc tan (QF) 

1-33 

CIRCUIT VOLTAGES AT RESONANCE 

EL = EQ 
= EXLIR = EX,IR 

where Z = impedance of circuit, ohms; 
R = resistance of coil and capacitor, ohms; 
Q = magnification factor; 
F = 2tàtvial, = 23,f/f,, where af = frequency deviation; 
E -= voltage across circuit; 
= voltage across coil; 

E, = voltage across capacitor. 
X = XL — X„ 

EXAMPLE 1.—A tuned circuit consists of an inductance of 200 1.1.H and 
resistance 10 ohms in series with a capacitor of 0.0002 F. What is: 
(a) the Q value of the circuit; and (b) the relative amplitude of the current in 
decibels 5 lecls above resonance compared with the current at resonance ? 

Magnification factor: 

Since 

Resonant frequency 

795 kc /s f, kcis = 159W LC —  159  
.200 x 2 x 10-4 = 

2 x 5 
Factor F 2:1f/f, — 0.01-6 795 

Relative current 5 kc/s above resonance : 
--= 1/V1 (QF)2 

1  
— 1/[1 + ( 100 X 0-0126)2J — 0-023 

Relative current in decibels 

= 20 log 10 (/// ) 
• — 20 log.» (/, 0/) 
=- — 20 logic, 1.61 
— 4.1 db or  4.1 db down 

Q = 

co, = lIVTCT 

Q = (11V LC)(L IR) 

(111?)VLIC 

1 /200 x 10 
,% -1 

10 2 x 10-1° 

= 100 
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EXAMPLE 2.—A tuned circuit ie made up of an inductance of 200 µH 
and reeistance 10 ohms: in aeriee with a capacitor of 250 pF. Calculate 
the impedance at the resonant frequency and at 20 kcfe above and below the 
resonant frequency. 

IMPEDANCE .AT RESONANCE 

Z, = R 
= 10 ohms 

At 20 kc/s above and below resonant frequency 

co = 27T(f, ± 2 x 10') 

= 2/11(112eV LC) ± 2 x 104) 

= (1 I\/  LC) ± 4ir X 104 

= V200 x 10-4 x 250• x 10-„± 4v x 104 

= (4.47 ± 0.126) X 10° 

= CaL 

= 4.596 x 200 = 919 ohms for the upper frequency 
4.344 x 200 = 870 ohms for the lower frequency 

1 lue 
= 104/(4.596 x 250) = 870 ohms for the upper frequency 

104/(4-344 x 250) = 920 ohms for the lower frequency 

IMPEDANCE OFF. RESONANCE 

Z = R j(XL — 2C,) 

At 20 kc/ii above: ±= 10 ± j(919 — 870) =-  10 + j50 ohms 

At 20 kc/s below: 2 = 10 + j(870 — 920) =  10 — j50 ohms 

Parallel Resonant Circuit 

RESONANT FREQUENCY 

= ( 1/2/r)1/(1/LC) — (R2/L') when R, = p (Fig. 31) 
1/27r'./Lã when Rs is small in comparison with LIC. 

MAGNIFICATION FACTOR 

Q = RaIXL = RaIX.= XLIR = XeIR 

at resonance where R = R, 

Impedance is a maximum and current a minimum lit resonance. 

Then Zd = Rd 

(tu,L) 2R = LICR 
wr.14 = 12/w,C 

I= 
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1 L= 200pH R=10C1 

C= 250pF 

T 
Fla. 30.—EEAmPLE 2. 

IMPEDANCE OFF RESONANCE 

Zd = ZLZ<I(ZL ± Ze) 
e=i2CLI(1 — XLIX) if resistance is negligible 

CURRENT OFF RESONANCE 

Zc 
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/ = EiZa 

CIRCUIT CURRENTS AT RESONANCE 

/L = /, = IQ 

where Zd = dynamic impedance, ohms; 
Rd -= dynamic resistance, ohms; 
ZL = impedance of inductive branch, ohms; 
Z. = impedance of capacitive branch, ohms. 

EXAMPLE 3.—A parallel resonant circuit is to be used to tune the anode 
circuit of a radio-frequency amplifier. The coil has an inductance of 
100 µH and a resistance of 5 ohms. What : (a) the value of capacitance 
required to tune to a frequency of 1 Melt:, and (b) the effective impedance of 
the coMbination ? 

Capacitance required to resonate to 
1 Mo/s : 

C = (1/on) x 10° 

10°  
(2/T x 10°)' x 100 x 10-4 

= 0.000254 1.&F or 254 pF 

Dynamic impedance of circuit: 

Zd = tICI1 (L and C can be in µH and 1.LF) 

10  
254 x l X 10-4 

= 78,740 ohms 

EXAMPIE 4.—A parallel resonant circuit has 
C 0.25H 0.5/JF an inductance L = 0-25 henrys and a capaci-

tance C = 0.5 µF. The resistance of the circuit 
is negligible by comparison. Determine the 
dynamic impedance of the circuit and the 
voltage across it at 400, 450 and 500 c18 when 

33.—EXAMPLE 4. a current of 0.2 mA is flowing. 

1-0.2mA 

X = Xc 
E ZL = tut_ =1/tuC 

RL Rc 

FIG. 31.—PARALLEL RESONANT 
CIRCUIT. 

32.—EXAMPLE 3. 
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At 400 ois : cu = 2,r x 400 = 2,513; col = 6.31 X 10° 
At 450 o/s: W = 2s. X 450 = 2,826; co2 = 7.99 x 10° 
At 500 0/8 : w = 2ir X 500 = 3,141; (.0 = 9.86 X 10° 

W product: 
W = 0.25 x05 x 10-6 

= 0.125 x 10-e 

Impedance of circuit: 
Z = joL/(1 — wiLC) 

j(2,513 x 0.25)  
At 400 c/s: Z — 52,977 ohms 

1 — (6-31 x 10° x 0.125 x 10-e) 
At 450 0/8: Z 826 x 0.25) 1 — (7.99 x — 0.1 j(2, 25) = j353,250 ohms 

j(3141 x 0.25) At 500 0/8: =  ,  = — j3,380 ohms 
1 — (9.86 X 0.125) 

Voltage across circuit: E = IZ 
At 400 cis: E = 0.0002 x 2,977 -= 0.6 volt 

At 450 cis: E = 0.0002 x 353,250 -= 70.6 volts 

At 500 cis: E = 0.0002 x — 3,380 = — 0.67 volt 

COUPLED CIRCUITS 

MUTUAL INDUCTANCE M = IcVLift 

COUPLING CORITICEENT k L,L, 

EFFECTIVE INDUCTANCE OF TWO CIRCUITS COUPLED BY MUTUAL 
INDucrescz 

The combined inductance is the total linkage per unit current flowing 
through the combination. 

Coils in series (Fig. 34 (a)) : 

Aiding L = L, L, ± 2M 

Opposing L = L, L, — 2M 

Coils in parallel (Fig. 34 (b)): 
Aiding L = (L,L, — !O)/(L, ± Ls — 2M) 

Opposing L = (L,L, — M 2)/(Li L, ± 2M) 

tvi 

(a) (b) 
FM. 34.—INDUCTANCE or Two COUPLED CIRCUITS. 

(a) Coils In series. (b) Coils in parallel. 
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(a) 

L2 

FIG. 35.—INDUCTANCE 
OP COUPLED CIRCUITS. 

(a) Shunt Inductive. 
(b) Series inductive. 
(e) Shunt capacitive. 
(d) Series capacitive. 

L2 

LI L2 

(c) 

• (d) 

Shunt inductive coupling (Fig. 35 (a)) : 

k = LIVT.7; + L,)(L Ls) 

Series inductive coupling (Fig. 35 (b)) : 

k = L,L,I(L ± Lie + Ls) 

Shunt capacitive coupling (Fig. 35 (c)) : 

k -= VCICsi(C 01)(C + Cs) 

Series capacitive coupling (Fig. 35 (d)): 

k = CIV(C ± Cs)(C ± Cs) 

where A/ = mutual inductance, henrys: 
k = coupling coefficient (k = 1 for 100 per cent coupling); 
L, = inductance of primary circuit, henrys; 
L2 -= inductance of secondary circuit, henrys; 
L = inductance of coupling element, henrys; 
C, =- capacitance of primary circuit, farads; 
CI = capacitance of secondary circuit, farads; 
C -= capacitance of coupling element, farads. 

EXAMPLE 1.—Two inductance coils of 250 and 175 pi/ are cooled 
together. What are the maximum and minimum values of inductance 
obtainable when the coila are connected in series aiding and series opposing, 
if the coupling coefficient is: (a) 0.8; (b) 0.3? 

Working in µH, we have 

k= 0.8 

M, = k1VZ7L = 0.8V250 X 175 -= 188 all 

k = 0.3 
0.3 

M s = (ksfic,)211, = 678- x 168 = 63 pH 
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Li = 250 il-1 

Le. 175 

SERIES 
AIDING 

SERIES' 
OPPOSING 

Flo. 36.— ExAmpLz 1. 

Maximum and minimum values of inductance: 

(a) L =- L, + L, ± 2M =- 250 + 175 ± (2 x 168) = 761 and 89 all 

(b) L = L, + L, ± 2M = 250 ± 175 ± (2 x 63 )= 551 and 299 ¡di 

Tuned Circuits Coupled by Nut,: ' Inductance 

Maximum energy is transferred between coupled tuned circuits at a 
critical value of the coupling, when the resistance of the secondary 
circuit thrown back into the primary is equal to the resistance of the 
primary, i.e., when 

Then 

(o)M)2/R,= R, 

k=- 111/Q1 

When both circuits are tuned to the same frequency f, and the 
coupling exceeds the critical value, two frequencies exist at which 
response is maximum. 

f, = f,11/1 + k 

f, = f,IV1 — k 

EXAMPLE 2.—Two coupled circuits tuned to a frequency of 500 kcla 
each contain a coil of inductance 275 iil-/ and resi8tanc,s 10 ohma. Deter-
mine the percentage coupling necessary for maximum transfer of energy. 

Q value of coils 

Q = (ULU? 

2n X 500 X 103 x 275 x 10-' 
10 

= 86-4 

f fo fa f 

FIG. 37.—COUPLED TUNED CIRCUITS. 
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38.—Exsurxic 2. 

L.= 275 }1H 
R= 10 11 
f500 kc/s 

Critical coupling for maximum energy transfer 

k = lIVQ,Q, 

= = 0.0116 or  1.2 per cent 

EXAMPLE tuned circuits, loosely coupled, are adjusted to a 
frequency of 581 kc Is. The coupling coefficient is then increased to 
15 per cent. What are the two frequencies to which the combination will 
have maximum response if K is greater than its critical value P 

Lower frequency: 

fi=folV1  581 k   — 542 kc/s 
+ 0.15 

Upper frequency : 

=fow l k _  581  — 631 kcís 
— 0.15 

Attenuators 

Four termina/ networks of resistances designed to produce a specified 
loss when inserted between two impedances Z, and Z, to which the 
input and output impedances of the attenuator are matched. 

Attenuaters are either unbalanced (elements arranged unsym-
metrieally) or balanced (elements arranged symmetrically). The basic 
unbalanced types are the T and Tr networks (Fige. 39 (a) and 40 (a)). 
Corresponding balanced types are the H and o networks (Figs. 39 (b) 

ATTENUATORS AND FILTERS 

R R1/2 R1/2 

T SECTION 

R2 
R1/2 

BALANCED T OR H 
SECTION 

(a) (b) 
FIG. 39.—T AND BALANCED T 

ATTENUATORS. 

Rt RI/2 

7T SECTION BALANCED Tr 
OR D SECTION 

(a) (b) 
40.—Tr AND BALANCED Tr 
ATTENUATORS. 
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and 40 (b)), the elements of which have the equivalent values shown in 
the diagrams. 

T-type (Fig. 39); 

TT-type (Fig. 40) : 

(a) R1.:=- Ro(n — 1)/(n + 1) 
(b) R 2 = 2Ron'(n1 — 1) 

(a) R, = Ro(n2 — 
(b) R 2 = R o(n 1)/(n — 1) 

where RIR; have the significance shown in the structural diagrams; 
Ro = terminal resistance of circuit, ohms; 
n = ratio input voltage/output voltage, elle, 

(attenuation in decibels a --= 20 log ic, n). 

The series elements of the balanced T or balanced 7T section each 
have half the value of those of the unbalanced section. 

Recurrent Networks 
The total attenuation is the sum of the attenuations of the individual 

T or IT sections; the elements having the values shown in the structural 

diagram. 

RECURRENT ir 

(b) 

FIG. 41.—RECURRENT ATTENTIATOR NETWORKS. (2 SECTIONS) 

EXAMPLE 1.—A recurrent T type attenuator is required to produce a 
loss of 30 db in three 10-db steps and to have a characteristic impedance of 
100 ohms. Determine the values of the series and shunt elements. 

Each section must produce an attenuation of 10 db. Hence 

n = antilog a 20 
antilog 1020 = 3-162 

R4/2 RI/2 R1/2 

10 db 
20db 
30db 

RO RO1 
100 11 00 II 

FIG. 42.—EXAMPLE 1. 
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ELEMENTS 

100(3-162 — 1)  
52 ohms R1/2 = Ro(n — 1)./(n -I- 1) 

3-162 ± 1 

2 x  100 x 3-162 
2Ronl(n2 — 1) = 70 -3 ohms 

3-1622 — 1 

Filters 

Electrical wave filters are four-terminal networks composed of 
inductive and capacitive elements, which pass a required continuous 
band of frequencies and attenuate all others. Filters are classified 
broadly according to their pass-band characteristics as shown in 
Table 6. 

TABLE O.—CLASSIFICATION OF FILTERS 

Type Pass Band 

Low pass . 
High pass 
Band pass 

Band elimination 

All frequencies below a critical frectuency 
All frequencies above a critical frequency fg 
All frequencies between two critical frequencies f, 
and f, 

All frequencies outside two critical frequencies f, 
and f, 

TYPE 

Low pass constant-k: 
T-section (Fig. 43) 
Tr-section (Fig. 44) 

Low pass, derived: 
Series-derived T (Fig. 45) 
Shunt-derived TT (Fig. 46) 

L/2 L/2 

IC 
Fto. 43.—T 
SECTION. 

FIG1. 44.-7T 
SEéTION. 

f, = 1/IT V LC 
L -= Role, 
C = LIR02 
L, = aL 

bL 
CI = L,/R02 
Cy = L,/RØ ' 

LI/2 Lt/2 

L2 

C2/2T  C2/T C2 

FIG. 45.--SaRngs• FIa. 46.—SHUNT. 
DERIVED T DERIVED Tr 
SECTION. SECTION. 
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2C 2C 

FIG. 47.— 
HIGH-PASS 
T SECTION. 

Fia. 48.— 
HIGH-PASS 

Siscrios. 

High pass, constant-k: 

T-section (Fig. 47) 
Tr-section (Fig. 48) 

High pass, derived: 

Series-derived T (Fig. 49) 
Shunt-derived IT (Fig. 50) 

51.-,-Bstro-vAss 
CONSTANT k. 

L1 
2C1 2C1 

L2 

C2 

Fla. 49.— Fla. 50.— 
HIGH-PASS HIGH-PASS 

SERIES-DERIVED SHLMT-DERIVED 
T SECTION. ir 

= 1/477V,TX 
L = Rol4efe 
C 
L, = L/b 
Ls = Lk; 
C1 = La/Re 
Cs = LIIR08 

Fia. 52.—BAND ELIMINA-
TION CONSTANT k. 

Band pass, constant-k (Fig. 51) 

Band elimination, constant-k (Fig. 52) 

= Re/.(fi —fe) 
= —fe)/4/rfife 

C i = L i/Re 

0 2 = 

eetifir!)_tf, 
ei = LtiRe 
C2 

where à La:LIa}have the significance shown in the structural diagrams; 

a = Vi — (f,,if,,J2 (low pass); V1—(f„,/f,)2 (high-peas); 
b = (1 — ctI)/4a; 

cut-off frequency, cis; 
= upper and lower cut-off frequencies, cis; 

f„, =- frequency of maximum attenuation, cis; 
= terminal resistance of circuit, ohms. 

EXAMPLZ 2.—Darign a low pass constant-k filter for a 800-ohm line, to 
pass speech frequencies up to 2,500 c/a, employing: (a) a T section, 
(b) a 11 section. 
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L/2 1../2 
--r---r 0000 

•I"C/2 C/2-1- 

T T  
(a) fc =2500 cis 

53.—EXAMPLE 2. 

Ro Ro 
600 it T 600n 

T SECTION 

Series inductance elements 

600  
L -=- Role. =   — 0.0785 henry or 76-5 mH 

Series elements each = L/2 = 38-25 mH 

Shunt capacitance: 

0-0765 x 10° 
C = LIRO' — 2111AFI 

800° 

1-43 

IT SECTION 

Series inductance element: L = 76-5 mH 

Shunt capacitance elements = C/2 = 0-106  

Ewen.» 3.—A constant-k band pass filter ie required for a multi-
channel telegraph circuit having a characteristic impedance of 600 ohms, 
to pass a band of frequencies 120 c/s wide at a mid-frequency of 680 c/s. 
Calculate the values of the series and shunt elements. 

_1220 Upper cut-off frequency = 660 + 720 cis 

Lower cut-off frequency = 860 — = 600 c/s 

SERLES INDUCTANCE ELE/SENT 

L, = Rob 600 5 r(f, = 120g = 1-59 henrys 

SHUNT INDUCTANCE ELEhLENT 

Ls = Ras — .4)/41*.fifs 

600 x 120  
4sr x 720 X 600 
1 

-= — = 0-01325 henry or 13-25 mH 24n 
o 
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SERIES CAPACITANCE ELEMENT 

0.01325 x 10" 
C, = L2/R0' — 600, — 0.0368 1.41" 

SHUNT CAPACITANCE ELEMENT 

1.59 x 106 
C, = L1/.801 — 4.42 FF 

600' 

EXAMPLE 4.—Determine the elements of a cœwtant-k band elimination 
filter to euppress heterodyne whiatlee between 8,500 and 9,000 c/s and to 
have a termina/ impedance of 2,000 ohme. 

Ro 
2000 IL 

SERIES INDUCTANCE 

Ro 
2000.n. T C2 

fi= 9000 c/s 
12=8500 .c/s 

FIG. 54.—ExAmptE. 4. 

LMillift= 2 000 (9,000 — 8,500) 
1= Ro(fi— . ,rr x 9,000 x 8,500 

= 0.00416 henry or 4.16 mH 

SHUNT INDUCTANCE 

2,000 mH 
L,= R0147r(f,— f,) = x 500 71T — 0.318 henry or 318  

SERIES CAPACITANCE 

0.318 x 106 
C1 = LiiRo2 = 2,000' — 0.0795 pY 

SHUNT CAPACITANCE 

0.00417 x 106 
C, = L1/R02 = 0.00104 ILF 

2,000' 
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TMERIIIIONIC AMPLIFIERS 

Valve Constants 
The three important constants which determine the electrical per-

formance of an amplifying valve are 

de, 
Amplification factor = — di; (i, constant) 

di. 
Mutual conductance (transconductance) g,. = (e. constant) 

Dynamic resistance (A.C. resistance) de' R. — di. (e, constant) 

= 

de. where Tr: = rate of change of anode voltage (e.) with respect to grid 
(4',1 voltage (e.); 

= rate of change of anode current (1.) with respect to grid 
de; voltage (e,); 

= rate of change of anode voltage (e.) with respect to anode 
dz current (i.). 

GRID Bis (see Fig. 55) 

For Class A amplifiers: 
For Class B amplifiers: 
For Class C amplifiers: E, 
Self-bias voltage: E, 
A.C. component of voltage 

= — E. 1212 
= — E.11.4 
= — Cs(E./ii — eop) 
= — I„R, 
across bias resistor : e, = I.Z, 

H. T. 1> 

FIG. 55.—GRID DIAS VALVE 
CONSTANTS. 
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where Eq = grid bias voltage; 
E. = anode D.C. voltage; 
I. -= D.C. component of anode current, amperes; 
t. = A.C. component of anode current, amperes; 
e, = signal voltage applied to grid; 
e„ = peak value of signal voltage. 

ANODE CURRENT 

A.C. component of anode current: 

ZL) 

= A.C. component of anode current; 
R. = anode A.C. resistance of valve, ohms; 
ZL -= anode load impedance, ohms. 

CLASSIFICATION OF AMPLIFIERS 

Amplifiers are class:7ed according to the grid-bias setting and the 
amplitude of the signal voltage applied to the control grid. In the 
accompanying table the valve characteristic referred to is the anode-
current/grid-bias characteristic. 

Suffix 1 denotes that no grid current flows during any part of the 
cycle. 

Suffix 2 denotes that grid current flows for at least part of the cycle. 
In Class C amplifiers grid current is always present, and a suffix is 
unnecessary. 

CLASS A CLASS El CLASS C 

la max ia max 

o 

e9 

e 

E9 

CLASS A 

CLASS 8 

CLASS C 

STANDING 
ANODE 
CURRENT 

T ME 

ZERO 
STANDING 
CURRENT 

eg 

FIG. 56.—CLASS A, e, AND C AMP7IFICATION. 
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clan Grid-biatt 
Setting 

Signal Voltage 
Swing 

Anode Current 
Moto Performance 

A, 

A, 

AB, 

AB, 

B, 

B, 

Centre point of 
characteristic 

Above centre 
point of charac- 
teristic 

Below centre 
point of charac- 
teristic 

Centre point of 
characteristic 

Near lower bend 
of characteristic 

Near lower bend. 
of characteris- 
tic 

Beyond . lower 
bend of charac- 
terbitic 

Confined to linear 
portion of charac- 
teristic 

Extends into upper 
bend of charac- 
teristic 

Extends into lower 
bend of charm-, 
teristic 

Extends into lower 
and upper bends 
of characteristic 

Extends beyond 
lower bend of 
characteristic 

Extends into lower 
and upper bends 
of characteristic 

Er-tends well be- 
yond lower and 
upper bends of 
characteriste 

Whole of cycle 

Whole of cycle 

Cuts off for small 
portion of nega- 
tive half-cycle 

Cuts off for small 
portion of nega- 
tive half-cycle 

Cuts off for 

greater part of 
negative half- 
cycle 

Cuts off for 
greater part of 
negative and 
small portion 
of positive half- 
cycles 

Cuts off for whole 
of negative and 
part of positive 
half-cycles 

Output undistorted. 
Gain high. Power 
conversion effici-
ency low (25% 
max.) 

Output almost un-
distorted. Gain 
less but efficiency 
higher than Class 
A, 

Output in push-pull 
practically undis-
torted. Gain less 
but efficiency 
higher than Class 
A, 

Slight harmonic dis-
tortion in push-
pull. Gain less 
but efficiency 
higher than Class 
AB, 

Small harmonic dis-
tortion in push-
pull. Gain less 
than Class 'AB,. 
Efficiency 78.5% 
max. 

Some harmonic dis-
tortion in push - 
null. .Gain leas 
but efficiency 
higher than Class 
B, 

Considerable liar-
monje distortion. 
Gain low, but 
power conversion 
efficiency a maxi-
mum (up to 80%) 

VOLTAGE AMPLIFICATION (see Fig. 57) 

General case: 

-= e5/e1 = lÁZL/(R. Zi.) 

For maximum voltage gain: Zi> R. 

For maximum power gain: Zz = R. 

where 171 = voltage gain; 
e, = input r.m.s. voltage; 
e, = output r.m.s. voltage. 

ExempLE I.—Two valves have rmspectively the following characterietice: 
(a) =- 30; R. = 75 ; (b) tz = 20; R. = 20 le0. Which will give 
the greater voltage gain in an amplifier with a load impedance of 25 El, 
and what will be the relative gain expressed in decibels ? 
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Voltage gain of (a) 
30 x 2.5 x 10" 7.5 

mi = FRLI(Ra reL) = 42.5 x 104) (7.5 x lu-) 

\MIMI 
IBM 

Voltage gain of (b) . 

H.T. 

et 

FIG. 57.—VOLTAGE 
AMPLIFICATION. 

20 x 2.5 x 10' 
= (2 x 10') (2.5 x 10') 11.11 

Hence (b) has the greater gain. The gain of (b) relative to (a)' 

20.1og, (mi/mi) = 20 log 10 171:511 ---- 3.4 di, 

Tuned Anode Coupling 

At resonance: Zi = LICE 

Hence vain at resonance: on = «Ii/(1 R.RC IL) 

Gain off resonance m = V (L R„RC)I R.2(cuicool — 

where L -= inductance of tuning coil, henrys; 
C = capacitance of tuning capacitor, farads; 
R = R.F. resistance of tuning circuit, ohms; 
wo = 2r x resonant frequency; 
= 210 x frequency (off resonance). 

EXAMPLE 2.—The tuned anode circuit of a radio-frequency amplifier 
contains an inductance of 200 iiH and resistance 1.5 ohms. The valve has 
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ANODE COUPLING. 
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an amplification factor of 15 and an anode A .0 . resistance of 50 Ica 
What is The capacitance required to tune the circuit to 500 Is and the 
voltage amplification at this frequency ? 

(a) Capacitance required to tune to 500 kern : 

f = 1 I27eV LC 

C = 1/(211)2L farads 

10°  
(277 x 5 X 105)2 x 200 x 10-2er 

10-2 
—2/r2 = 0.00051 aF 

H.T.+ 

Ij i . L=200) H 

C 
R 511 

an. 15 

Ra=50kti 

f 500 kc/s 

FIG. 58(b).—Exerarral 2, 
TUNED ANODE COUPLING. 

(b) Voltage amplification at 500 kohl: 

m = 14(1 R.RC I L) 

15   
— 12.6 

— 1 + [&'x 104 x 1.8 x 5.1 x 10-10 /(2 x 10-')] — 

Audio-frequency Amplifiers 

RESISTANCE COUPLING (Fig. 59) 

Gain: 

= fiBL/(R. R.G) 

• Formule for Figs. 59 and 61, assume that value of grid leak > Fic and R 
in parallel. 
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H.T.+ 

GB-

59.—RESISTANCE 
COUPLING. 

GB.— 

FIG. 60.— RESISTAN CE -CAPACITANCE 
COUPLING. 

RESISTANCE-CAPACITANCE COUPLING (Fig. 60) 

Amplification is a maximum at medium frequencies of the audio 
frequency range, and the gain for triodes is then 

m = 
where nt = voltage gain of stage; 

= equivalent resistance formed by the anode resistance, load 
coupling resistance and grid leak in parallel 

= 1/(1/R. + 1/Ri, IIR„); 
„ -= value of anode resistance. 

For pentodes, where R.> BL and R, 

1/(1/RL 1/R,) 

Low frequencies 

The ratio of gain at low frequency to gain at medium frequency 

1/( 1 'fa) 
where f = frequency considered, c/s; 

fi = 1/eirC,R„ (the frequency at which the reactance of 
C, = R.1); 

C, = capacitance of coupling condenser, farads; 
R„ RaRLI(R. RL) (the equivalent resistance formed 

by R, in series with R.RL in parallel). 

High frequencies 

The ratio of gain at high frequency to gain at medium frequency 

mihn= l/( 1 eft) 

where f = frequency considered, c/s; 
= 1 / 2/TC,R,2 (the frequency at which the reactance of 

C, = R,a); 
R.2 -= 1/(1/R. -I- 1/RL 1/R,) (the equivalent resistance formed 

by R„, RL and R, in parallel). 
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Gain at higher frequencies, e.g., video-frequency amplification, is 
greatly improved by inserting an inductance L in series with the load-
coupling resistance. Then the gain 

m cr. (F/R4VRL2 (toL)'/V(1 — °MC)* (aeRt,)* 

where L = inductance, henrys; 

C = total anode and grid capacitance, C, C„. 

EXAMPLE 3.—Determine the gain of a resistance-capacitance coupled 
a. f. pentode amplifier stage at frequencies of 50, 1000 and 10,000 cis, given 
the following data: 

Voltage amplification factor = 200 
Valve anode resistance = 100 kfl 
Anode load resistance = 250 Ica 
Capacitance of coupling capacitor = 0-01 uF 
Grid-leak resistance = 0.5 MG 

Equivalent resistance at 50 c/a: 

R,1 = R.RLI(R• RL) 

100 x 250 
-= 500.-F — 571.4 kfl 

100 ± 250 

Equivalent resistance at 1,000 c/s (mid-frequency) and 10,000 c/a: 

R,=11(111?. 11Ri, 1/R,) 

1  
= 1/100 ± 1/250 + 1/300 — 62•5 kn 

Voltage gain at 1,000 c/a: 

m = 111?,21R. 
209 x 62.5 

— 125 
100 

m (db) = 20 log„ 125 = 42 db 

Voltage gain at 50 c/a: 

Reference frequency— 

:f, = 1/2nC,Rn. 
1  

- 2ir x 0.01 X 10-11 .x 51T.71T-< r*0 = 27.9 

mém 1/(1 — 
1 1 

— 1 — j27.9/50 — 1 —,0-558 

1 + j0.558 
— 0.76 ± /0425 

1 0312 

= V0.7131 ± 0.425* = 0.87 

-= 0.87m = 0.87 x 125 -= 109 

m1(db) -= 20 log„ 109 -= 41 db 
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Voltage gain at 10,000 cis: 

From the expressions for f, and f,-

27.9 x 571.4 
U2.5 — 255 

mtim = 11(1 ± eft) 
1  1  

— 1 + j10,000/255 = 1 239.2 

1 — i39.2 
= 0.00065 — j0.255 

= V0.00065' + 0.2558 = 0.26 

nit = 0.26 x 125 = 32'5 

mz(db) = 20 log 10 32.5 = 30 db  

CHOKE Covri.nvo (Fig. 61) 

Gain: 

m --= µVit£2 + X2/V(Ri, + + XL' 
p.XL/VR.' + XL, if resistance of choke is very small 

where RL = anode choke resistance, ohms; 

capacitive reactance of coupling capacitor, ohms; 

XL = inductive reactance of coupling choke, ohms. 

TRANSFORMER COUPLING (Fig. 62) 

H.7. + 

GB— 

Fie. 61.—CHOKE COUPLING. 

GB — 

FIG. 62.—TRANSFORMER 
COUPLING. 
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Gain at medium audio frequencies: 

m = saRL/(R„ RL) 

Gain at low audio frequencies: 

m = µk/V((R. RL)/RL (R./XLI )}' 

Gain at high audio frequencies: 

m = iikRi/V(R. RL)' + 

Turns ratio for maximum power gain: 

k = VR.IRL 

where k = ratio of primary to secondary turns; 
XL. = leakage reactance of transformer (=-- «14, ohms; 
X L' = reactance of primary winding (--= coLi), ohms; 
RL = effective resistance of transformer, referred to primary, ohms. 

Power Amplification 

Maximum power output is obtained when 

Ri = R. = R,,/k' when the load is 
transformer coupled 

k = VR„112z, 

Turns ratio of speech output trans-
former: 

k= VRolZ, 

Optimum load impedance for an output 
stage : 

H.T. + 

1-53 

Ra 

FIG. 63.—OUTPUT TRANS. 
For a triode = 2R. to 3R, FORMER': 
For a pentode = IR, to R./10 
For two valves in push—pull = 2 x Ro of a single valve (Class A) 
For two valves in parallel = j x Ro of a single valve 

where RL = anode load resistance, ohms; 
R„ = A.C. resistance of valve, ohms; 
= optimum load resistance, ohms; 

Z, nominal impedance of speech coil at 400 cis, ohms. 

EXAMPLE 3.—A 5 ohm loudspeaker is coupled by a transformer to the 
output stage of an ampl.fier. What turns ratio is required to obtain 
maximum undistorted power output with: (a) a triode having an A .C. 
resistance of 5,000 ohms, ( b) a pentode of 50,000 ohms? 

(a) Optimum load resistance: 

RL = 2R. = 2 x 5,000 = 10,000 ohms 

Ni 5 10,000 
Turns ratio VRL/R. 441-7 
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H.T. H.T. 

L 511 

Re= 5000 n 

sn 

Ra= 50,000 n. 

-'  

Fio. 64.—EXAMPLE 3. FIG. 65.—CATHODE FOLLOWER 

(b) Optimum load resistance: 

Turns ratio 

50,000 
RL = R./4 = --4-- = 12,500 ohms 

= N/ 5 1 1-2,5-0-0 = 50 

Cathode Follower 

The amplification factor ne is always < 1: 

m = L/lit + 1 -I- (R./R,)} 

Output impedance: 

H.T. 

10.2 

Zo =-- trejg„, 

A.C. resistance to H.T. fluctuations: 

17,1 = R. + Rà1.4 + 1) 

where Zo = output impedance, ohms; 
R, = cathode resistance, oh,as; 
Rs = dynamic resistance, ohms; 
g„, = mutual conductance, amperes/volt. 

EXAMPLE 4.—From the following data for a cathode follower, determine 
(a) the voltage amplification, (b) the A.C. resistance to H.T. variations, 
and (c) the output impedance: = 50, gun = 5 mA Ivolt, R0 -= 15k. What 
would be (d) the voltage amplification if the same valve were used in a 
conventional amplifier having an anode load resistance of 15 kfl ? 

(a) As a cathode follower: 
50 

R. = µ/g, = (Tusks — 104 
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Voltage amplification: 

m = PRIL + 1 + R./R.) 
50  

= 0.968 50 + 1 + 104/(1.5 X 104) 

(b) A.C. resiétance: 

R = R1 + R,(14 -I- 1) 

= 10' + {( 1.5 x 104)(50 + 1)) = 7.75 x 105 ohms  

(c) Output impedance 

I-55 

0.988 
Z, = m/g„, = 0-005 = 194 ohms 

(d) As an anode-loaded amplifier: 

m = p../4/(R„ Rz,) 

50 x 1.5 x 104  
m' — = 30 
— 104 t ( 1.5 x 10') — 

Negative Voltage Feedback 

Frequency distortion, amplitude distortion and phase distortion are 
reduced by the factor 1/(1 ± /3m). 

Voltage gadn without feedback: m = 

Voltage gain with feedback: = m/(1 + /3m) 
= 1/(1/m ± 

Lose in decibels with feedback = 20 log,„ ( 1 + /3m) 

The relative loss with feedback at any two frequencies, for which the 
gaina without feedback are m, and ra, 

= 20 log,, (m,(1 gmoime flm,)} 

where e, = input voltage without feedback; 
e, = output voltage without feedback; 

-= fraction of voltage fed back from output to inpu: in reverse 
ohase. 

ge2 

FIG. 66(a).—NEGATIVE VOLTAGE FEEDBACK. 
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Eicempim 5.—An amplifier has a voltage gain of 50 at 1,000 c/a and 
6 at 60 c/s. What is the relative loss in output volume at the lower fre• 
quency, expressed in decibels: (a) without feedback, (b) if 5 per cent of the 
output voltage is fed back to the input in reverse phase. 

(a) Relative gain at 50 c/s -without feedback: 

a = 20 log ic, ( nî2/m 1) = 20 log„ 

— 20 log„ 50 = — 20 db or 20 db loss 

(b) Gain with feedback: 

At 1,000 cfs m,' = m/(1 pm) 
50  

14.3 
1 + 50 (0.05) •'= 

5  
At,50 In; — 1 + 5 (0.05) 4 

m 50 AT 000 c/s 
• 5 AT 50 c/s 

5 °/0 — ve VOLTAGE 
FEEDBACK 

Fm. 66(b).— ExAmPLE 5. 

Relative gain at 50 c/s with feedback 

= 20 log„ 
= — 20 log o (mi/m21 

14.3 
— 20 log„ = — 11 db gain or 11 db loss 

Grounded-Grid Amplifier 

The earthed grid acts as a screen between the anodo or output circuit 
•and the cathode cr input circuit, so that neutralization is unnecessary 
in radio-frequency amplifiers. Inherent negative feedback confers a 
high degree of linearity. The circuit is, therefore, particularly suitable 
for V.H.F., F.M. transmitters and receivers. 

Voltage gain: 
H.T.+ 

tn =- (p. + 1)Rd(R. + RL) 

Input-circuit resistance: 

R1 ,..•-• ( 1,1p.R.)(1 + RLIR.) 

1. 
OUTPUT Output-circuit resistance— 

R. ,'•••• R. 

Optimum load resistance when 

RL = R„\/1 ± g.,R, 

where ii. = voltage amplification fac-
tor of valve; 

Ri --. load impedance between 
INPUT anode and H.T. +; 

R„ --- valve-anode resistance; 
R 1 --= valve-input resistance at 

—e operating frequency; 
FIG. e7.-0 ROUNDED-GRIIY g„, ---- mutual conductance of 

1{.F'. AMPLIFIER. valve. 
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AMPLIFIER NOISE 

The principal sources of noise generated in an amplifier aro: thermal 
agitation noise (Johnson effect); valve noise (shot effect); induced grid 
noise in resistors, valves and leads, and A.C. mains hum. 
Random noise produced by thermal agitation and shot effect is dis-

tributed evenly over the frequency spectrum, and is therefore propor-
tional to the bandwidth. Induced grid noise and A.C. mains hum can 
be effectively eliminated by careful design and suitable smoothing 
filters. 

Noise voltages from the various sources must be added in quadrature, 
so that total noise voltage: 

= e22 Cal e32 -F . . . etc. 

e, %/et -I- es' HI- es' HP eta. 

Thermal Agitation Noise 

This is expressed as a voltage in series with a given resistor, the equi-
valent resistance of a tuned circuit at resonance or the radiation resist-
ance of an aerial, as the case may be. 

= 4kTàfR 

where k = Boltzmann's constant = 1.37 x 10-22 joulessr.K; 

T = temperature, ° K; 

àf = frequency bandwidth, cis; 

R resistance, ohms. 

At normal temperatures it is sufficiently accurate to take 4kT = 
1.6 x 10-22. Hence 

where 

e2. = 1.6 x 10-2°AfR 

e. = 1•26 x 10-12VAp 

EQUIVALENT THERMAL AGITATION NOISE RESISTANCE 

Resistor, R . . . • 
Resistors R„ R, in series • 
Resistors R1, R, in parallel 
Tuned circuit at resonance 
Coupled aerial circuit 

R, R1 
Rlit,f(R, -F /4) 
ceLQ Q/cec 

L tuned circuit inductance, henrys; 

C = tuned circuit capacitance, farads; 

Q = circuit magnification factor; 

n = voltage step-up ratio; 

R, = radiation resistance of aerial. 
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Valve Noise 

Valve-noise voltage is expressed in terms of an equivalent resistance at 
normal temperature. 

= 1-26 x 10-1°Vàf .. R., 

EQUIVALENT VALVE NOISE RESISTANCE OF AMPLIFIERS AND 

MIXERS 

Triode amplifier . • 
Triode mixer . . 
Pentode amplifier. . 
Pentode mixer . 
Multi-grid mixer . 

2-5/g„, 
4/g, 
{/./(/‘, I„))(2.5g„, 201,1/g„,2) 
{I./(I, I„)}(41g. 201,2/g.9 
20I, (I, — 

where g,. = mutual conductance, grid-anode; 

g. = conversion transconductance; 

= average anode current; 

l„ = average screen grid current; 

I. = average cathode current. 

ExAmPLE 1.—Calculate the total noise voltage and the signal-to-noise 
ratio at the grid of the first R.F. stage (Fig. 67(a)) of a receiver, given the 
following data: 

Input impedance = 75 ohms 

Tuning capacitance = 200 pF 

Circuit Q value = 75 

Signal frequency = 15 Mc/s 

Band-width -= 10 Iccis 

Signal voltage in aerial feeder = 5 µV 

Valve mutual conductance = 2 mA/V. 

Equivalent resistance of tuned circuit 

R. = Q1030 
75  

= 24r X 15 X 103 X 200 X 10-33 — 3'980 

Equivalent valve noise resistance 

R, = 2.51g„, 

2.5  
1'250 — 2 x 10-3 —  
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Total noise voltage at grid input 

et = 1-26 X 10-1°V.Cif(Rc ± R.) 

= 1-26 x 10-1°V10,000 (3,980 + 1,250) 

= 9-2 x 10-7 volts = 0-92 p.V 

Voltage step-up ratio at input 

n = .VR,/1?, 

\/ 3,980 
75-

7511 ei= 5)1V 

RT.+ 

0=175 
f= 15Mcis 

Ai 10 kc/s 

C=200pF 

87(a).—EXAMPLE 1. 

I -59 

When aerial arid feeder are correctly matched to the receiver input 
circuit, the signal input voltage at the receiver input is half the aerial 
voltage. 

Signal input voltage to griti 

e, = ne„./2 

7.3 x 5 
2 = 18.25 µV 

Signal-to-noise ratio 

N(db) = 20 log10 (e,[e.) 

18-25 
= 20 log,„ 0.92 60 din approx. 
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Noise Factor 
The basis for the comparison of noisiness in receivers. It is defined 

by the ratio: 
SilNi 
8.1N. 

where S/N = signal-to-noise power ratio at input; 

signal-to-noise power ratio at output. 

The noise factor of an ideal amplifier would be unity (0 db). Actual 
values for multi-stage amplifiers and receivers may range from 2 to 10 
(3 to 10 db). 

RECEIVERS 

Definitions of Performance 

Sim errivrry 

The input in decibels above or below 1 µV required to produce a 
given power output. The usual standards of reference of output are: 

Communications receivers 

2 mW into 600 ohms 

Broadcast receivers 
0 

50 mW (with input modulated to an average depth of 30 per cent) 

8 = 20 log„ El 

The modern tendency with communications and V.H.F. receivers is 
to define receiver sensitivity on an " absolute " basis in terms of noise 
factor (db). Noise factor has been defined as follows: 

The noise factor of a linear receiver, or any other linear four-
terminal network having its input terminals connected to an 
impedance of stated value and temperature, is the number of 
times by which an addition to the noise power available from this 
impedance must exceed the thermal noise at signal frequency in 
order to double the noise power available from the output terminals 
of the network, provided that all sources of noise gis; the same 
frequency spectrum at the output terminals. 
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In practice, the noise factor is usually measured by means of a noise 
generator, which is adjusted to give a 2: 1 change in the noise output 
from the receiver. 

SELECTIVITY 

Usually specified by the output voltage attenuation in decibels at 
several representative frequencies off resonance compared with the 
maximum voltage at resonance. Frequently plotted as a resonance 
curve for a band of frequencies. 

= 20 log ic, (E1/E,) 

where E. = output voltage at resonance; 
E, = output voltage at a given frequency off resonance. 

ExAmrue 1.—Tests on a receiver with a signal generator showed that 
an input of 4Su V was required to produce a standard output when the 
receiver was tuned to the test signal and an input of 125 u V when it was 
tuned 2 kc I a off resonance. What is the sensitivity expressed in decibels 
and the selectivity defined by the attenuation in decibels off resonance? 

Sensitivity with reference to zero level (1 µV) 

= 20 log,„, (5/1) 
= 20 x 0-699 = 14 db above 1 kiV 

10,000-0.0001 
-40 -20 0 +20 

FREOUENCY, k c/s. OFF RESONANCE 
FIG. 88.—TYPICAL SELECTIVITY CLFRVE. 

O 

20 

60 

80 
+40 
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Attenuation at 2 kc /a off resonance 

= 20 log„ ( 12515) 
= 20 x 1-3979 = 28 db 

Gain 
The ratio of the output voltage applied to a load designed to match 

the impedance of the output circuit to the input -,oltage from the 

aerial, expressed in decibels. 

rn =- 20 log„ (E3/E1) -I- 10 log„ (R1/R2) 

where E, = input voltage from aerial; 
E, = output voltage across load; 

input resistance, ohms; 
R, = output resistance, ohms. 

EXAMPLE 2.—A communication receiver requires an input of 10 iV 

across 100 kfl to produce a power output of 2 mW into a 600-ohm line. 
Determine the serueitivity in decibels to an input reference level of 1 p.T7 qoid 

the overall gain in decibels. 

2mW. 

10 )1 V —00K ft 600 ft 600 ri FIG. 69.—EXAMPLE 2. 

SENSITIVITY 
8 = 20 log 10 E = 20 log 10 10 -- 20 db above I µV 

OUTPUT VOLTAGE 
E V PR = V2 x 10 3 x 600 = V1-2 = 1.098 

GAIN 
m 201013 10 (E,IE,) 10 log 10 (R1/R0) 

1.098 105 
20 log 10 log dób 

---- 20 lo é ( 1.098 x 10') 10 log ( 1.667 x 10') = 123 db 

Signal-to-noise Ratio 
Defined by the ratio of the fully modulated signal voltage at maximum 

volume to the average noise expressed in decibels. 

20 iog„ (E,/E,,) 

where E. -- signal voltage; 
E„ = noise voltage. 
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Frequency Range 

Maximum and minimum frequencies of tuning range 

= 

Overall range: 

= (1 — Vcc)fmi,.. 

where f . = maximum frequency of range; 
fog, = minimum frequency of range; 
a ratio of minimum to maximum tuning capacitance. 

EXAMPLE 3.—A receiver is tuned by a 300-pF capacitor having a 
minimum capacitance of 15 pF. What is the minimum frequency to 
which the receiver will hate if the maximum frequency is 1 Mc/e? If a 
fixed 300-pF capacitor is connected in parallel with the variable capacitor, 
what will be the new maximum and minimum frequencies ? 

(a) On the higher band 

= CminICmax. 
15 

= 
300 

Minimum frequency: 

faa, = VV..= V005 x 1 = 0-224 Mc/s or 224 kcts 

(b) On the lower band: 

= 15 -I- 300 = 315 pF 

Clmoo.= 300 300 = 600 pF 

315 
al = = 6-0-0 = 0.525 

Since f x lls/C, 

VCed../Cimin. 

Hence the maximum frequency: 

fo...Veroiojel colo. = 1 = 0.218 Mo/s or 218 kcfs 

Minimum frequency: 

f'000.= VetIfi=o. = 07253 x 2IS = 158 kcis 

Superheterodyne Receivers 

Intermediate Frequency ( I.F.) 

= fo or - 
*Interference signals. Interference may be produced by: 

(a) A second-channel received signal, above or below the local 
oscillator frequency, beating with the local oscillator, when the 
frequency difference is equal to the intermediate frequency. 

f = f - (2nd channel to an I.F. = f, — fo) 
or f, = A f, (2nd channel to an I.F. = h - f,) 
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(b) Two received signals equally displaced either side of the 
tuned frequency, whose frequency difference is equal to the inter-
mediate frequency, beati.tg together independently of the local 
oscillator. 

fri = + f/2 

.frt = f, -1112 

(e) A signal frequency differing from harmonics of the inter-
mediate frequency by up to ± 10 kc/s, depending on the selectivity 
of the receiver. 

f, = nf; ± (0 to 10 Ws') 

where f, freqt.ency of received signal; 
fo = frequency of local oscillator; 
A = intermediate frequency; 
n = ham Atic multiple of intermediate frequency. 

EXAMPLE 4.—At what frequencies would unwanted signals be expected 
to produce spurious responses in a superheterodyne receiver tuned to 
receive a signal of 15 Mc Is with the local oscillator adjusted to 15.45 Mc/e? 

(a) A second-channel signal at a frequency f,, such that 

=-- f, — fo or f, f. 4 f, = 15.45 -I- 0.45 = 15.9 Mcis  

(b) Two received frequencies f„ and f,, equally displaced either side 
of the resonant frequency, producing an independent beat: 

= f, + = 15 -I- 0-45/2 = 15.225 Mcis  

f„ = f, — = 15 — 0.45/2 •=- 14.775 Mc/s 

(c) Frequencies differing from the lower harmonics of the inter-
mediate frequency by up to 10 kc/s. 

Second intermediate-frequency harmonic: 

= 2f; ± (0 to 10) = (2 x 450) ± (0 to 10) 

or frequencies between 890 and 910 kcis  

Third intermediate-frequency harmonic : 

f,= 3fd ± (0 to 10) = (3 x 450) ± (0 to 10) 

or frequencies between 1.34 and 1-38 Mcls 
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OSCILLATORS 

Valve Oscillators 

TABLE 7.--CONDITIONS FOR SELF-OSCILLATION' 

Tuned Grid 
Circuit 

(Fig. 70 (a)) 

Tuned Anode 
Circuit 

(Fig. 70 (b)) 

Minimum mutual inductance 
to suiitain self-oscillation . 

Oscillation frequency . 

M = CR/g,,, 
= 1121rVIZ 

M  = (CR + LIR.)1g. 
f = 1121rVrt 

where M = minimum mutual inductance, henrys; 
C =-- tuning capacite ice, farads; 

R.F. resistance of tuned circuit, ohms; 
R. = A.C. resistance of valve, ohms; 
L = tuning inductance, henrys; 
g. = mutual conductance of valve, amperes/volt. 
f = oscillation frequency, c/s. 

H.T.+ 

H.T. — 

(b) 
(a) FIG. 70.—VALVE OSCILLATORS. 

H.T. + 

EXAMPLE 1.-A parallel tuned circuit consisting of a coil of 150 mH 
inductance and 60 ohms resistance and a capacitor of 0-05 F is to be used 
with a valve oscillator having a mutual conductance of 4 mAlvolt and an 
A .C. resistance of 15 MI What is the minimum value of mutual inductance 
required to sustain oscillation when used as: (a) a tuned anode circuit: 
and (b) a tuned grid circuit ? What is the fregdency of oscillation in each 

case ? 
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MINIMUM VALUE OF Ai 

(a) As a tuned anode circuit: 

M, = (CR LIR.)1g„, 

(0-05 x 10's x 60) -F [ 150 x 10-4 /(1-5 x 104)] 
4 x 1Crs 

3.25 x 10's henry or  3.25 mH  

(6) As a tuned grid circuit: 

Mt CR/g, 

0.05 x 10"e x 80 
4 x 10-1 

-= 0.75 x 10's henry or 0.75 mH 

EFFECTIVE INDUCTANCE OF TUNED CIRCUIT 

= L — M, = 150 — 3.25 -= 148-75 mH 

L21= L — M, = 150 — 0.75 = 149.25 rn.11 

OSCILLATION FREQUENCY 

f, = 1127TV L, 1C 

1 

2wV146.75 x 10's x 0.05 x 10'4. 

= 1,865 ois  

fs = fiVL,i/Lai 1,865/%/146.75 
149.25 

=.  1,850 ois 

HT. 

Fla. 7 ODE 
TAP. 

Anode Tap 

To obtain maximum power output, the anode load impedance must 
be made equal to the anode A.C. resistance. This condition is realized 
when the fraction of the inductance tapped from the earthy end 

a -= VRR„CIL 

Quarts Crystal Oseillatora 

Frequency of thickness vibration 
Temperature coefficient per ° C. 

1 X-eut Plate 

= 2.87/, 
= — 2.1 x 10-41 

Y -cut Plate 

f.= 2.44/: 
a = + 9 x 10's 
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Frequency Variation with Temperature: 

V. aTf. X 106 

where f = frequency, Mo/s; 
t = thickness of plate, mm.; 
a = temperature coefficient, c/s per cis per ° C.; 
T = temperature change, ° C. 

EXAMPLE 2.— What is the natural frequency of an X-cut quartz crystal 
ground to a thickness of 2.5 mm. and the maximum frequency variation, if 
the ambient temperature varies between the normal 15° C. and 30° C. ? 

Natural frequency 

2.87 
= 2.87/t = — =. 1.15 Mc/s  

2.5 
Maximum frequency variation: 

A/. -= uTfe = (— 2.1 x 10-5)(30 — 15)(1.15 x 109 = — 383 c/s ' 

Master Oscillators for Transmitters 

Frequency tolerance as percentage: 

T.= ± (if./f,) x 100 

Frequency multiplication. The fundamental or transmitted frequency: 

A = 
where f, = fundamental frequency of transmitter, Me/s; 

= frequency deviation, Mc/s; 
n =-- total number of successive frequency multiplications; 
T = frequency tolerance as percentage. 

EXAMPLE 3.—A crystal oscillator cut for a frequency of 1,500 kcIs and 
having a temperature coefficient of —2 c Is IMc1.91° C. drives a transmitter 
operating at 15 Mc/s. If the crystal is subjected to a temperature increase 
of 5° C., what is the altered transmitter frequency and the percentage 
frequency change ? 

Change of oscillator frequency at 1.5 111c/s: 

— 2 X 5. x 1-5 — 15 c/s 

Change of fundamental frequency: 

15 
= — 15 x — 150 c/s 

Altered tramtmitter frequency: 

f,' = 15-0 — 0.00015 = 14.99985 Mois 

Percentage frequency change 

0-00015 
15 'x 100 -= 0.001 per cent 
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TRANSMITTERS 

Power Amplifiers 

Driving power: 
Power input to anode 
Anode conversion efficiency: 
Anode dissipation 

Pg.ay. = Eg.avii.ay. 

P. = E.I. 
no = Po/Pi = P0/(P5 + 
P. = P‘ Po P.(1117. — 1) 
= — 

where Pff.". = average driving power; 
= average value of grid voltage; 

/„..„. = average value of grid current, amperes; 
Pi = anode power input; 
P, = -adio-frequency power output; 
= power dissipated at anode; 
= anode conversion efficiency of amolifier. 

Average values of : 

Class A amplifiers . . • 
Class B audio-frequency amplifiers 
Class B radio-frequency amplifiers 
Class C radio-frequency amplifiers 

I9. ay. -..-

LOAD 
CIRCUIT 
Po 

la 

Ea Pa 

FIG. 72.—POWEB AMY .J.BIER. 

. 0.2 -0.3 

. 0.35-0.85 

. 0.8 -0.7 

. 0.85-0.85 

H.T.+ 

ma. 

Fla. 73.—ExemeLE I. 

EXANPLE 1.—The power amplifier of a transmitter takes a D.C. anode 
current of 2 amperes at 4,000 volts and delivers 6 kW of radio-frequency 
power to the load circuit with a driving voltage on the grid of 1,200 volte 
r.m.s. and a grid current of 300 mA. Calculate the anode conversion 
efficiency, anode dissipation and driving power. , 

Power input to anode: 
Pi -- E.I. = 4,000 x 2 = 8,000 watts or 8 kW 
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Anode conversion efficiency: 

= Po/Pd‘=- g = 0.75 or  75 per cent  

Anode dissipation: 

P. = P, — P. = 8 — 6 -= 2 kW 

Driving power: 

P I g.ay.E 0.3 x 1,200 ---- 360 watts  

EXAMPLE 2.—A Class C grid-modulated radio-frequency amplifier has 
an anode efficiency of 65 per cent at 100 per cent modulation and takes an 
anode current of 0.2 ampere at 1,000 volts. When the carrier is quiescent, 

H T.+ 

FIG. 74.— 
EXAMPLE 2. 

MODULATION 

GB— 

I6A ON CARRIER 
0.2A AT 100% MOD. 

n = 2S% ON CARRIER 
'a = 650/0 AT IOC. MOD. 

Ea=1000V 

the efficiency falls to 25 per cent and the current to 0.16 ampere. Calculate 
the anode dissipation under both conditions and the average dissipation, if 
the average depth of modulation i8 30 per cent and the dissipation decreases 
directly with depth of modulation. 

Anode dissipation: 

P. -= P4(1 — 77.) 

When fully modulated: 

= (0.2 x 1,000)(1 — 0.65) =  70 watts  

When unmodulated: 

P. = (0.16 x 1,000)(1 — 0.25) = 120 watts  

Decrease in dissipation at 100 per cent modulation = 120 — 70 
50 watts 
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eDecrease in dissipation at 30 per cent modulation = 50 x t) 
= 15 watts 

So average dissipation at 30 per cent modulation = 120 — 15 
= 105 watts 

MODULATED AMPLIFIERS (MODULATED AT ANODE) 

Power input to anode Pt = P0(1 -I- m2/2)In„ 

Voltage variation at anode: E. = Ro/ 1 + {X L(Ii„--1- R.), ll„R,„}3 

Depth of modulation: ni = = 

FIG. 75.—MODULATED AMPLIFIER. 

AMPLITUDE MODULATORS 

Power input to anode: P Porn2j2n.n. 

where nt = depth of modulation; 
E, = r.m.s. value of carrier voltage; 
= r.m.s. value of modulating voltage; 
= amplification factor of modulator valve; 

E', = peak voltage applied to grid of modulator valve; 
X L = reactance of modulation choke (= 21,„fL); 
R. = anode resistance of modulated amplifier valve; 
= anode resistance of modulator valve; 
= anode conversion efficiency of modulator. 

EXAMPLE 3.—A transmitter is modulated by anode choke control. 
Given the following data, 'calculate the anode voltage variation at the 
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modulated amplifier when an input of 10 volts peak at a frequency of 
1,000 cls is applied to the modulator grid: 

Modulator: it =-- 8, R„, = 2,500 ohms 
Modulated amplifier: R,, = 10,000 ohms 
Choke inductance = 20 henrys 

If the peak value of the unmodulated radio-frequency voltage at the amplifier 
anode is 530 volts, what is the percentage modulation ? 

(a) Reactance of choke: 

X L = 27,1L = 2fr x 1,000 x 20 = 1.256 x 

H.T. + 

MOD. CHOKE L= 20 H 

A.F. INPUT 
10V. PEAK 

f = 10 00 cis 

Rrn= 
2500 

8 
CARRIER Its/PUT 

10,000 n 

FIG. 7 6.—EXANPLE 3. 

Anode voltage variation: 

ite•XL  E. — 
R„,V1 1XL(R. 

8 x 10 x 1.258 x  

2,500%/1 ((1-256 x 10)(10,000 + 2,500)/00,000 X 2,500)!I 

=  64 volts peak 

(6) Depth of modulation : 

64 
m = -à.30 = 0.12 or 12 per cent 

Modulation Transformers 

Turns ratio for maximum power output ( for fixed input) : 

k = VZ„,IZ„ 



RADIO AND TELEVISION REFERENCE BOOK 

For distortionless output the anode load impedance of the modulator 
must be twice the dynamic impedance of the modulated amplifier. 

k V2Z„,IZ. • 

where Z„, = anode impedance of modulator; 
Z„ = anode impedance of modulated amplifier. 

Load and Aerial Power 

Power developed in tuned load circuit: Po = E01, 
Power dissipated in tuned load circuit: PL = logRL 

Aerial power: P .=--
Aerial current: I,, VP„,11t, 
Field intensity: s cc VP. cc I. 

where E, = r.m.s. voltage across tuned load circuit /o/oie = caL/o); 
/0 = r.m.s. • irrent in tuned load circuit; 

r.m.s. ...ue of aerial current; 
R. -= effective resistance of aerial (ohmic -I- radiation resistance), 

ohms; 
/Ty = resistance of load circuit, ohms. 

EXAMPLE 4.— What percentage increase of aerial current and field 
intensity will occur with ,n amplitude-modulated transmitter when the 
depth of modulation is .r,•taed from 75 to 100 per cent? By what 
percentage must the current i reduced to halve the radiated power ? 

(a) R.m.s. serial current . = 1, V(1. + m1/2) 

At 75 per cent modulation : I.. = I. V(1 -F 0.751[2) = 1.132 I, 

At 100 per cent modulation: /o. = I, N/(1 11/2) = 1.225 Tc 

Ratio of increase of aerial current and field intensity 

1.225 — 1.132 1.132 --= 0.082 or 8.2 per cent increase 

(b) Since I. cc VP., in order to halve the rower 

= 
= I.TV2 -= 0.707 I, or a reduction of_g_24Lkt 
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SIGNALLING AND MODULATION 

Telegraph Signalling 

Number of elementary units (dots + spaces) eer letter 
Morse . • . 8 
Cable Merse . . . 5 
Five-unit teleprinter code . 7 ( including start and stop impulses) 

Average Morse letter = 8 units or 4 rectangular keying c/s. 
Average word = 5 letters space •=--- 6 letters. 

D 

1'1'1'1'1'1'1'1'1 
  CABLE CODE 

MORSE 

RADIO 

77.—RELATIVE LENGTHS OF ELEMENTS IN MORSE AND CABLE 
MORSE KEYING. 

Speed in Bauds is the number of elementary impulses or alternations 
of dots and spaces per second, and is equal to twice the rectangular 
keying cycles per second. 

S = 81%1180 
where S = speed in Bauds; 

speed in words/minute; 
number of elements per word (dots spaces per second x 

average number of letters per word). 

EXAMPLE 1.—Calculate the signalling speed in Bawls corresponding 
to: (a) hand Morse at 20 w.p.m.; (b) teleprinter traturmission in 5 + 2 
unit code at 60 w.p.m.; (c) cable Morse at 200 w.p.m. Take the average 
word as equivalent to 6 letters. 

Speed in Bauds 
S = eN/60 

20 x 8 x 6 
(a) S = 60 — 16 Bauds 

60 x 7 x 6 -- 42 Bauds (b) S 
60 

200 x 5 x 6 
(e) S = 60 = 100 Bauds 
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Amplitude Modulation 
TABLE 8.—AMPLITUDX MODULATION FACTORS 

D.S.B. and 
Carrier 

Depth of modulation (modu-
lation index), m • • 

Ratio peak modulated cur-
rent/unmodulated current 1 m 

R.m.s. value of total modu-
lated current, /, /,V1 + m2/2 

Ratio modulated power/un-
modulated power, P! P, . 1 + m2/2 

Total modulated power, P, . P,(1 rn, / 2) 
Total sideband power, P, • P,ms 12 

= Pti(1 2Ine) 

where m = depth of modulation; 
= ran.s. value of unrnodi,lated 'artier current, amperes; 

I„, = r.m.s. value of modulating c•arent, amperes; 
r.m.s. value of total modúlated current, amperes; 

P, == unmodulated power, watts; 
Pi = total modulated power, watts. 

EXAMPLE 2.—The measured power output from an amplitude modulated 
transmitter is 20 kW when the carrier is unmodulated and 28 kW when 

S.S.B. and 
Carrier 

1 -I- m2/4 
/M1 + m2/4) 

P,m2 /4 
= P,/(1 4/m2) 

1611611 
Irv" 

AMPLITUDE MODULATION, rn 0.5 
Fia.78.—CARIUER ENVELOPE SNOWING AMPLITUDE MODULATION. 
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modulated by a steady sinusoidal tone. What is the total power in the 
sidebands and the percentage modulation? If the modulation is now 
reduced to 50 per cent what is the percentage reduction of sideband power 

Total power in eidebands 

P, = P, — P. = 28 — 20 = 8 kW 

Percentage modulation: 

Pe.... 1 + m1/2 

m 1/2(P,IP.) — 1 --= V2(28/20 — 1) 

= 0-895 or 89.5 per cent 

Since sideband power a m2, the reduction of sideband power at 
50 per cent modulation: 

=( 0.5  )' m7m)* .= 0-313 
(0-895 

i.e., a reduction of 1 — 0-313 0.687 or 68.7 per cent 

Frequency Modulation 

Ratio modulated current/unniodulated current, 1 
R.m.e. value of total modulated current, /g . . 
Ratio modulated power/unmodulated power, P1/P, 1 
Total modulated power, P . . . . 

Transmission Bandwidth 

C.W. telegraphy, on—off keyed . . • isb• 
C.W. telegraphy, frequency shift keyed . • 2(fs ± 3.4) * 
M.C.W. telegraphy, on—off keyed . . . 2(f., -I- 3f.) • 
Amplitude modulation, D.S.B. and carrier . 2f„,. m.,.. 
Amplitude modulation, S.S.B. and carrier • fi... IIMI. 
Amplitude modulation, S.S.B. only . . . f.,...— f,.. ,.i.. 
Wide-band frequency modulation (f., < fa) • 2f. 
Facsimile, keyed carrier. . 1•5f. t 
Facsimile, tone modulated 1.5.4 -I- 2.4. t 
Television . 1"5.fffj. 

• For good signal formation at least the third harmonic of the keying 
frequency, fa, must be transmitted. Bence the total bandwidth due to keying 
= 2 x 3ft. 
t 1.5 ía a factor that allowa for signal shaping and synchronization. 

where fa = 
fa = 
f». = 

keying frequency, rectangular o/e; 
deviation frequency, c/s; 
modulation frequency, c/a; 
no. of picture elements per line; 
no. of picture frames per second; 
no. of scanning lines per frame. 

EXAMPLE 3.—Determine: (a) the number of Morse telegraph trans-
mitters sending at 250 w.p.m.; and (b) the number of double-sideband 

D 
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ll'" 

I ii 11111 

• 

V 21 = 

FREQUENCY MODULATION 

II 

FIG. 79.—CA RRIER ENVELOPE SHOWING FREQUENC4 MODULATION 

radiotelephone stations using a Maximum modulation frequency of 3,000 ri's 
which can operate at the saine time within the high-frequency band of 

10-16 Me/s. 

(a) Speed in Bauds: 
250 x 8 x 6 

S = 3N/60 = 60 

= 200 Bauds or 100 c/s fundamental 

Total bandwidth per channel is twice the third-harmonic frequency 

= 2 x 3 x 100 = 600 cis 

Total number of 600.c/s channels between 10 and 16 Mc/s 

(16 — 10) x 106 
600 10,000 

(b) Total bandwidth per channel 

= 2 x 3,000 = 6,000 c/s 

Total number of 6,000-c/s channels between 10 and 16 Mc/s 

(16 — 10) x 106 1 
6,000 ,000  

EXAMPLE 4.—A transmitter is controlled by a master oscillator oscillating 
at a frequency of 2,750 kc s with a stability of ± 10 parts in 10'. l'he sixth 
harmonic is selected, amplified and modulated at the final stage. What 
are the maximum and minimum limits of the radiated frequency band 
produced by modulating at broadcasting frequencies up to 10 kcIs ? 

Fundan.ental carrier frequency: 

= 6f0 = 6 x 2,750 = 16,500 kc'a 
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Maximum and minimum frequency products ot modulation: 

= f„, = 16,500 + 10 = 16,510 ke/s 

= f, — =- 16,500 — 10 = 16,490 ke/s 

Maximum and minimum frequencies due to instability: 

Af = 16,510 + 10 x 16,50G  =- 16,.510.17 ke/s 

— Af = 16,490 10 x 16,500 — 16,489.84 ke/s 
106  

I —77 

EXAMPLE 5.—What is the highest modulation frequency and the overall 
bandwidth in a television system transmitting 25 frames per second, each 
built up of 460 lines and 460 elements per line ? 

Highest modulation frequency: 

f,,,= Md.= 25 x 460 x 460 

5-29 x 1 co cis or 5.29 Mc /a 

The overall bandwidth is 1.5 times this: 

= 1-5 x 5.29 = 7-94 Me/s  

VALVE COOLING AND VENTILATION 

Power Losses in Valves 

The•total power losses in an amplifying valve are made up of power 
dissipated as heat by electron bombardment : (a) at the anode and (b) 
at the grid or grids, and as heat (c) in the filament. 

Pj = P. + Ps ± Pf 

where P.= power loss at anode; 
P, = power loss at grid; 
Pf = filament heating loss. 

W ater-cooling Systems 

Rate of flow required to dissipate a given amount of power as heat 
with a given temperature rise of water: 

Q = 3-2 l'AIT 

where Q = rate of flow of water, gal./minute; 
PL -= power dissipated as heat, kW; T1 T = 1"1 —T2 
T = temperature rise of water, ° C. 

LOSSES 1ST W ATER-INSITLATING COLUMNS 

Resistance of circular water column: 

R = (plIA) X 104 

D.C. loss in water column: 

P = E„IIR = (E.2,4 11,1) X 10- FIG. 80. —WATER COOLING. 
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A 

FIG. 81.—LOSSES IN 
WATER COLUMNS. 

where P = power loes, watts; 
E,, = D.C. anode voltage; 
R = resistance of column, ohms 
p = resistivity of water, Mll-orn. 

(0.15 for freshly distilled 
water, 0.002 or less for tap 
water); 

A = cross-sectional area of bon, 
sq. em.; 

/ = developed length of tube, cm. 

EXAMPLE 1.—The anode jacket of a water-
cooled valve is fed with water via a spiral 
inlet and outlet insulating tube, the tubes 
being electrically in parallel between anode 
and earth. Each tube is 30 ft. long and 
1 in. bore. The reetistivity of the water is 
0-05 Affl-cm. What ie the D.C. resistance 
between anode and earth and the-D.C. leakage 
loss when the anode voltage is 10 kit ? 

p = 0.05 = 5 x 101 ohms-cm. 

/ = 30 ft. = 30 x 30-5 = 915 cm. 

A  = x 42-54' 5.07 sq. cm. 

Resistance of one column: 

R = (plIA) 5.0 x 10° x 915 
5.07 

p = 9.05 x 10° ohms or 9.05 MO 

Total resistance to earth of both columns is half this, i.e., 4.52 Mil 
D.C. loss: 

10,000°  
P E.2/R —   ——  22.2 watts 

4.52 x 10°  

Water-cooling Tanks 

The area of the cooling surface required 
varies directly as the power dissipated 
and the thickness of the material, and 
inversely as the coefficient of thermal 
conductivity and the temperature rise. 

COEFFICIENT Or THERMAL CONOCO-
TIvITY.—The rate at which heat is trans-
mitted through unit thickness over unit 
area of material per degree difference in 
temperature between surfaces. 

A = 238 PtIkT 

i=30, d a, p = 0-05 ionic c 

82.—EXAMPLE I 
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where P -= power to be dissipated, watts; 
t = thickness of material, cm.; 

A --. surface area, sq. cm.; 

T = temperature difference between surfaces, ° C.; 
k -= coefficient of thermal conductivity. 

EXAbiPLE 2.—A 500-watt resistor is fitted in a cylindrical copper 
container in. thick and cooled by circulating water. Calculate the total 
cooling surface required and the dimensions of the container, if the length 
is to be twice the diameter and the temperature rise of the copper is not to 
exceed 10° C. Take the thermal conductivity of copper as 0.918. 

t = 1/8 x 2.54 = 0-318 cm. 

Surface area required:, 

238  x 500 x 0-318 
A =- 238 P,IkT = 0-d10 10  

= 4,130 sq. cm.  

A =- 

But / = 2d, 

and A = 2-yre13/4, 

Hence d = f2A/ir = i;i2 x *, 130 

= 13.8 om.  

1 = 2d = 27.8 cm. 

k 0'918 
P.10° C 

Fro. 83.—EXAMPLE 2. 
Air-cooling Systems 

Air flow and temperatuie : 

Q 5.92 PLTo/Ta 

where O =- air flow, eu. ft./minute; 

-= power dissipated as heat, kw; 
To = absolute temperature of incoming air (° C. -1- 273); 

T = temperature difference between outgoing and incoming air, o C. 

EXAMPLE 3.—An air-cooled transmitter valve requires 300 cu. ft. of air 
per minute. The, measured temperature of the incoming air is 72' F. 
and the heated exhaust air 130° F. When the H.T. voltage is reduced, the 
temperature of the exhaust air falls to 95° P. Calculate the power in 
kilowatts dissipated as heat in both case& 

T, = ° C. + 273 = (72 — 32)/1.8 + 273 = 295-2° K. 

Td = ( 1 30 — 72)/1-8 = 32.2° C. 



300 c.f m. 
Flo. 84.—ExAmrLE 3. 
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Since Q = 5-92 PT0/Td, 
130° F 
(95°F) Power dissipated at full H.T. voltage: 

300 x 39.2 
P = QT‘15.92T0-

5.92 x 995.2 

5.53 kW 

72° F When H.T. voltage is reduced, the tem-
perature rise: 

(95 — 72)/1.8 •=. 12.78° C. 

Since P cc T5, 

P7P = Xi in 

Power dissipated at reduced H.T. voltage: 

5.53 x 12.78 
P' = PT5'IT5--- = 2.2 kW 

32.2 

Air Velocity in Ducts 

where 

= QIA 

y = velocity, ft./minute ; 
Q = rate of flow, cu. ft./minute; 
A = cross-sectional area of duct, sq. ft. 

Ventilation of Transmitters 
The expression for air flow in air-cooling systems can be applied to 

problems on the ventilation of cubicles and rooms. A simpler empirical 
formula, sufficiently accuratè for most practical purposes, is based on 
the fact that 1 kW dissipated will raise the air temperature 1° C. with 
an air displacement of 1,725 cu. ft./minute approximately, i.e., 

Q 1,725 PL/T4 

where Q = air displacement, cu. ft./minute; 
Pi = power dissipated in heating air, kW; 
T = permissible temperature rise of air above ambient tem-

perature, ° C. 
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AERIALS AND PROPAGATION 

Effective Ha4tht of Aerial 

Vertical aerial with sinusoidal distribution of current : 
h= 
= A/2ir for a quarter-wave aerial 
= Ain for a half-wave aerial 

where h = effective height, metres; 
1 = length of wire, metres; 
A ,= wavelength, metres. 

Aerial Resistance 

The effective resistance is made up of two components : 

(a) Radiation resistance, R„ a fictitious resistance which governs 
the proportion of the total energy radiated. 

(b) LOSA resistance, RL, which is accounted for by losses in 
conductors, the earth, dielectrics of insulators and eddy currents 
in metal supports and stays. 

Enracrrva RasurrAwca 

R, Rz 

The resistance (voltage/current ratio) varies with the sinusoidal 
distribution of voltage and current along the aerial, and is usually 
referred to the current anti-node at the base of a quarter-wave aerial or 
at the centre of a half-wave aerial. 

RADIATION RESISTANCE 

R, = 180 (rrh/A)3 

= 40 ohms for a quarter-wave aerial (referred to the base) 
160 ohms for a half-wave aerial (referred to the centre) 

Pow= RADIATED 

P, = 180 (rrh/,,./A)i 
Powies LOSE 

PL 

where h =-- effective height of aerial, metres; 
= r.m.e. value of aerial current, amperes. 

EXAEPLE 1.—Calculate (a) the radiaticrn resistance, and (b) the power 
radiated by a vertical half-wave aerial if the aerial current is 3 ampere*. 

(a) Radiation resistance: 

R, = 160(7714/.1)2 

Substituting Air for h, 

R, =-- 160(1)1 = 160 ohms 
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3 

Flo. 85.--
EXAMPLE I. 

E 

se 

,1 
Ise 

—x AERIAL — AERIAL 
4 2 

FIG. 86.--
VERTICAL AERIALS. 

(b) Power radiated 

= 
31 X 160 = 1,440 watts or 1-44 kW 

Field Strength 

Sommerfeld for...ula for ground wave at medium and low frequencies 

e = 43(300/P cos Old) 

À_ 
ht -----------

hr 

 d 

Fia. 87.—FIELD STRENOTII 
AT VERY HIGH FREQUENCIES. 

where a = ground loss factor, dependent on earth conductivity, di-
electric constant, frequency and distance; 

fi = directivity factor p = 1 for short aerials where field strength 
in vertical plane follows a cosine law; 

P, = radiated power, kW; 
= distance from transmitting aerial, km.; 

e = field strength, Or/metre; 
O = angle of elevation of ray. 

Field strength of direct wave at very high frequencies, taking into 
account reflection from ground 

= 4sligh„e0/Adz when d ›, h 

where H -= field strength, ¡IV/metre; 
d = distance from transmitting aerial, metres; 
= elevation of transmitting aerial, metres; 

h, = elevation of receiving aerial, metres; 
e, = field strength at unity distance, mV/metre. 

EXAMPLE 2.—A broadcast transmitter delivers 20 k TV to an aerial haring 
a radiation efficiency of 65 per cent. (a) Estimate the field strength of the 
ground wave at a distance of 200 miles, if the ground loss factor, determined. 
by means of a low-power mobile transmitter, is 0-08. (b) If the sky wave 
travels 50 per cent farther than the ground wave at an effective angle to the 
earth of 45°, determine its field strength, assuming' the wave after reflection 
from the ionosphere to be reduced to 25 per cent of the incident wave. 
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Power radiated: 

P, = 20 x 0.65 -=- 13 kW 

d = 200 x 1.609 = 321-8 km. 
a = 0.08 

13 = 1 
cos O cos O = 1 

Field strength of ground wave: 

E = 4 (300%/P, COB Old) 
0.08 x I x 300 x Jl3 xl 

321.8 — 0-269 µV /metre 

(b) d -= 1.5 x 321.8 -- 482 km. 
COB O = cos 45° = 0.707 

a = 1, as there are no ground losses 

Field strength of sky wave: 

1 x 300 N/13 Y. 0.707 x 0.25 
= 482 0.3_9LI ia-v1metre 

Maximum Range of Direct Wave 
Geometric (straight line) range : 

= 3.55(V hi 4- VII') 

Actual range when refraction is taken into account: 

= 3-55e(Vht 

where ---- maximum range of reception, km.; 
c =- a factor which .illows for refraction of the wave over the 

earth's curvi.cure. An average value is 1.3. 

EXAMPLE 3.—A VHF. traremittil aerial and c distant receiving 
aerial are both at the same. height above earth. Assuming a straight-line 
ray path, what will be the gain in field strength at the receiver, expressed in 
decibels if: ( a) the height cf the transmitting aerial is increased 50 per cent; 
(b) the height of both aerials is increased 50 per cent ? 

e CC Olt Vh, 2,\/ 

(a) Here h, = 1.5 h, 

Hence modified field strength: 

CC V 1.5h, N/h, = 2.225N/h, 

= 2•225 N/h,/20, = 11125 

Gain: 
m 20 log„ (E';‘) = 20 log„ 1.1125 = 0.924 db  

(b) Modified field strength: 

E' cc V1-6.; 2•45 N/h, 

E'/E = 2.45 N/h,J2Vh, = 1-225 
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Gain : 

ht 300 hr 25 

. d ' 
C=1.25 

FIG. SS.—EXAMPLE 4. 
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m = 20 log„ 1.225 = 1.762 db  

EXAMPLE 4.—A television transmitting 
aerial is elevated 300 ft. above earth. If 
the average receiving aerial is 25 ft. high, 
what is the geometric range for straight-
line reception and the maximum range 
of the direct ray, if the refraction factor 
is 1.25 and there are no obstructions in the 
path ? 

Geometric (straight line) range: 
/  300 /  25  \ 

d = 3.35(Vh, -F = 3.55,\/ 3.281 ± 3-281/ 43.7 km. 

Maximum range for direct ray reception: 

= cd = 1-25 x 43.5 = 54.7 kin.  

Half-wave Dipole 
Resonates when length is about 95 per cent of the half wavelength 

/ = 0.475A = 142.5/f 

where / = length of wire, metres; 
A = wavelength, metres; 
f -= frequency, Mc/s. 

Directional Arrays 
The energy gain of a directional array is the ratio of the power which 

would be required by a single aerial element to the power taken by the 
array to produce a given field strength in a required direction. Gain in 
decibels 

m = 10 log„ 

where P. = power which would be required by a single element; 
P. = power required by array. 

Field *strength produced by array: e cc .0P,„ cc I.. 

Field strength produced by each element: e cc 

where I,, =-- total aerial current of array; 
n = number of elements in array. 

EXAMPLE 5.—What is the directional gain in field strength of an array 
of ten aerial elements over a single element, neglecting mutual reactionary 
effects between elements ? 

Let power supplied to array = P 
Then power supplied to each element = P/10 
Field strength due to array: E' cc VP 
Field strength due to each element: e cc V(P/10) 

VP  Gain: e' I — — V10 or 3-162 times 
OP/10) 



Gain in db: 

m = 20 log10 ('it) = 20 logio 3.162 =  10 db 

Receiving Aerials 
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VOLTAGE DEVELOPED IN A RECEIVING AERIAL 

Vertical wire aerial: 
Frame aerial: 

where E = e.m.f. mV; 
E = field strength, mV/metre; 
h = effective height of aerial, metres; 
A = area of frame, sq. metres; 
N = number of turns in frame. 

EXAMPLE 6.—Whoe voltage will be produced by afield of intensity 
10 iaV 'metre at a wavelength of 300 metree : (a) a vertical quarter-wave 
receiving aerial; (b) a frame aerial of ten turns, 2 metres square ? 

(a) Effective height of A/4 aerial: 

h = à/2n 300 47.8 metres ze 

E = eh 
E = 2ve.AN/A 

Voltage induced in wire: 

E = eh = 10 x 47.8 = 478 µV or 0.5 mV approx.  

(b) Voltage induced in frame: 

2/r x 10 21 10 8.7r E = 2ir EA N =  x x  = 3. = 8.38 µV 
300 

Mechanical Factors 

The total load on a horizontal wire is made up of the weight of wire 
per unit length acting downwards and the wind load acting horizontally. 

= p1 

WIND PRESSURE p 
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FIG. 89 (left).—MacasNicAL 
FACTORS. 

FIG. 90 (abOVe).--DETERMDJA-
TION OP TOTAL LOAD. 
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Wind pressure: P = pd 

Sag: e = wl218t, neglecting effect of wind pressure 

S = Wli18t, including effect of wind pressure 

Length of wiro: L = L + 85213 approximately 

when., W = total load on wire, lb./ft.; 
w = weight of wire, lb./ft.; 
p = wind load, lb./sq. ft. of projected area; 
d = diameter of wire, ft.; 
8 = sag, neglecting effect of wind pressure, ft.; 
S = sag, including effect of wind pressure, ft.; t 
/ = sp,•%, ft.; 
L = length of wire, ft.; t 
t = horizontal tension, lb.1-

* If ice is present, w includes the weight of ice. A safety factor on the 
breaking load of 2 at 22° F. is normally allowed in Britain under normal load-
ing coriditions imposed by a layer of ice j in. thick radially and a wind pressure 
of 8 lb/sq. ft. acting horizontally. 
t Length and sag vary directly and tension inversely as the ambiens air 

temperature. They are therefore determined for the lowest temperature lileIy 
to be encountered, when the length and sag are a minimum and tension is a 
maximum. 

EXAMPLE 7.—An aerial curtain weighing 300 lb. is supported from a 
steel wire rope in. diameter weighing 0.6 lb./ft. between two mask. 400 ft. 
apart, the load being uniformly distributed over the span. What must be 
the minimum sag at the centre of the rope if the safe working stress is not 
to exceed 3 tons under a horizontal wind load of 30 lb./sq. ft. of projected 
area ? 

Weight per foot run of aerial and rope: 

300 
w = w, w, = 4-00 + 0.6 = 1.35 lb./ft. 

Wind load pr foot run: 

P = pd =  1—/212 x 30 = 1.25 lb./ft. 

Total load: 

= V1?-7, P' + 1.25' = 1.84 lb./ft. 

DIAM. 

0-6 LB./FT. 

400' 

300 LB 

Fie. 91.—Ex. 
AMPLE 7. 
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Minimum sag: 

, 1-84 x 4002  
S = = 8 x 3 x 2,240 — 5-48 ft.  

EXAMPLE 8.—The horizontal tension 
in an aerial wire is 10 lb. when the sag 
is 7 ft. To what value can the sag be 
reduced if: (a) the maximum allowable 
tension is 25 lb.; and (b) the maximum 
tension is 25 lb. and the span is reduced 
by one quarter? (c) How will the sag be 
affected if a heavier wire of twice the 
diameter is used ? 

(a) Sag varies inversely as tension 

IX 1/t 

Hence 

89 = 81(11/4)7 x 10 = 2 8 ft. 
25 

(b) Sag varies as (span)2 

8 cc 12 

83 = 52(10 1)2 = 2.8 X (1)2 

t' 

FIG. 92.—TENSION IN STAYS. 

1.58 ft: 

(c) Both w and t vary directly as the cross-sectional area or as the 
(diameter)2. But sag varies directly as wit. So the minimum sag will 
remain substantially the same. 

Tension in Stays 

t, = t/sin 0 

t cosecs O 

/2/h 

where t, tension in stay, lb; 

t = horizontal tension in aerial wire, lb.; 
O = angle between stay and ground; 
h = height of stay, ft.; 

/ = distance between mast and anchor point of stay, ft. 

EXAMPLE 9.—A twin wire aerial. transmission line is supported on 
15-ft. poles spaced 150 ft. apart. A stay is attached to the terminal pole 
and anchored to the ground 9 ft. from the base. The sag at the centre of 
the span is 9 in., and the weight of the wire is 262 lb. Imile. Calculate the 
tension in the stay. 

Weight of wires per foot length 

2 x 262 
w =  5 280 — 0.0992 lb./ft. ,  
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 ISO'  

FIG. 93.— Ex AMPLE 9. 

Horizontal tension in wires: 

WtI992 x 150' t = w/2/ 8s = x 0.75 = 372.3 lb. 

Tension in stay: 

where 

Hence 

t, = t:sin 

O = arc tan ( 15/9) -= arc tan 1.666; 

sin O = 0.8572. 

3'72.3 
t 435 lb. 

0-8572. 

RADIO-FREQUENCY TRANSMISSION LINES 

Line Constants 
The constants which determine the electrical characteristics of a 

transmission line are classified as primary and secondary (derived) 

constants. 

PRIMARY CONSTANTS 

Lo = inductance, henrys/metre 
Co = capacitance, farads/metie 

Ro = resistance, ohms/metre 
Go = leakance, mhos,'metre 

SECONDARY CONSWITS 

Z0 = characteristic impedance, ohms = V1.7,g 
a =- attenuation constant, nepers/metre * = ¡r/i/Zo IGZ0 

B = phase constant, radians/metre = cuVL,C0 

y = velocity of propageion, metres/second. -= 1/VL,C, 

.• 1 neper = 8.68591 db. 
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Fro. 94.—EQUIVALENT LINE 

Characteristic Impedance 

The characteristic impedance is the voltage /curren_ ratio at any 
position along a line which is long enough for reflections ta be negligible, 
or which is terminated at the far end in an impedance equal to the 
characteristic impedance so as to prevent reflection. 

AT RADIO FREQUENCIES 

Twin-wire line (Fig. 95(a)): 

20 --- 2.76 logi, (d1r) 

Four-wire symmetrical line (Fig. 95(b)) : 

Z, -= 138 log10 (d/r) —20-8 

Co-axial line (Fig. 95(c)) : 

Z, = (138/Vk) log" (r,/r,) 

where d = distance between centres of can-
ductors; 

r = radius of 'wire; 

= outer radius of inner conductor; 
r, = inner radius of outer conductor; 
k = average dielectric constant of 

insulating medium between 
• conductors (= / for air spa°. 
ing). 

(a) 0 
d 

Sending-end Impedance 

The impedance Z, at the sending end of (c) 
a line terminated in any impedance Z2 : 

Z2 ± jZo tan (217i/A) 
zi = L'ozo jz, tan ( 21r1;A) 

If the line is short-circuited at the far 
end: 

Z, = jZ, tan .(2171/A) 
FIG. 95.—CHARACTERIS-

TIC IMPEDANCE. 
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22 750n  
22 

FIG. 96 (abo,•e).—EXAMPLE I. 

FIG. 97 (right).—MATCHING 13V QUARTER 
WAVE LINE. z, 

If the line is open-circuited at the car end : 

. 2, 

Z1 3 tan ( 27d/A) 

If the line is a quarter wavelength long: .271/A = 90°. 

Two different impedances Z1 and Z,,may be matched by a quarter. 
wave line of impedance Z, connected between them, when 

Z, = Z02/Z, 

Z0 = VZ,Z, 

EXAMPLE 1.—A 600-ohm twin wire line with conductors spaced 10 in. 
apart is to be matched to a dipole having a terminal resistance of 750 ohms 
by means of a quarter-wave matching section at a frequency of 20 Mc Is. 
Calculate the length of the matching section and the spacing between 
conductors if the same gauge wire is used throughout. 

(a) Wavelength at 20 Mcis : 

3  X 108  
A = 20 x 106 = 15. metres 

15 
A/4 = —4 3:75 metres 

(b) Characteristic impedance of matching section: 

Z, = VZ1Z-2 = V600 x 750 

= 100.N/45 = 670 ohms 

(c) Spacing of matching section : 

Zo = 276 log„ (dolr) 

dolr = antilog (Z0/276)   

Also d,/r = antilog (Z1/276)   (2) 
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Dividing (1) by (2), 

d0/d1 = antilog (Z,I276) 

do antilog (670/276) 269.2 
10 antilog (600/276) 149.6 

d, = 18 in. 

antilog (Z0/276) 

Current, Voltage and Power 

When the line is correctly terminated in Z,: 

R.m.s. current of carrier wave 

R.m.s. voltage of carrier wave 

Peak voltage of amplitude-modulated wave 

Maximum voltage on line with a standing wave 

Standing wave ratio 

n = = 

= Q,fl = 

= VRInsx./Rmin.= RL/Z0 if Ry/Z0 > 1 

where P. = carrier power; 
m ---- modulation factor (= 1 for 100 per cent modulation) ; 
= maximum voltage on line at point of maximum 

resistance; 
Rmin. = minimum voltage on. line at point of minimum 

resistance; 
= resptance of line at point of minimum current; 

R0,10. = resistance of line at point of maximum current; 
= maximum current in line at point of minimum resistance; 

/min. = minimum current in line at point of maximum resistance; 
Rz= load resistance; 
n = standing wave ratio. 

E, = Pe, 

V2E,(1 + en) 

= ZoIRL if R,/Z0 < 1 

EXAMPLE 2.—An amplitude-modulated transmitter of 10 kW carrier 
power feeds a balanced twin-wire transmission line having a characteristic 
impedance of 000 ohms. What is the maximum peak voltage occurring 
on the line when the transmitter is fully modulated: (a) when the line is 
correctly terminated; and (b) if the standing-wave ratio is 14/1 ? 

R.m.s. carrier voltage on line when terminated in Z,: 

E. = P.Z, = V10,000 x 600 = 2,450 volts 

Peak voltage of amplitude-modulated wave: 

V2E,(1 m) = V2 x 2,450 x (1 + 1) 

6,926 volts or 6.93 kV 
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n = Ernax / Emm 

FIG. 98.—EXAMPLE 2. 

When the standing wave ratio is 1-4/1 

E'mp VnEmp = V1-4 x 6-93 = 8-2 kV  

EXAMPI 3.—A co-axial cable having a characteristic impedance of 
100 ohms as subjected to voltage teats at radio frequency and found to 
flash over at the following peak voltagee: 5-2 kV at 1 Mcls; 3-95 kV at 
10 Mc/s; 3-5 kV at 20 Mc/a. If the cable is to be rated-at a safety factor 
of 2/1, what is the maximum r.m.s. current and power it can transmit 
safely at each frequency ? 

Maximum safe r.m.s, voltage with a aafety factor of 2/1 : 

= 

Maximum safe r.m.s. curi:ent: 

= Ei,12V2Zo• 

5,200  
At 1 Mc/s 2%/2 x 100 .— 18-4 amperes 

3-95 
At 0 Mc/s 18-4 x = 14-0 amperes 

3-5 
At 20 Mc1s = 184 x —= 12-4 amperes 

5-2 

Max. safe power: 

At 1 Mc/s 

At 10 Mois 

At 20 ItIcis 

Pm = 

-= 18-42 x 100 -= 33,790 watts or 33-8 kW 

= 14-02 x 100 = 19,530 watts or .19-5 kW 

= 12-42 x 100 = 15,320 watts or 15-3 kW 

EXAMPLE 4.—A 320-ohm, five-wire cage transmission line coneists of 
four earthed outer conductors in square formation and a central live 
conductor. For what peak voltage should the line be insulated if it ja to 
transmit 100 kW carrier power at 100 per cent modulation, allowing for a 
standing wave ratio of 1-5 ? Qcmipare this with the peak voltage to earth 
on a 600-ohm twin-wire line carrying the same amount of power. 
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LIVE 

c)? 
LIVE CONDUCTORS 

O 

rt 

CONDUCTOR 
no. 99.—EXAMPLE 4. 

«•161, 

n"! 

Peak modulation voltage to earth on a five-wire line: 

E,„„ = /2E.(1 + in) 

But E„ = VP.Z0 

E,„, = V2Peo(1 -Fin) -= V2 x 10, x 320(1 ± 1) 
= 18,000 volts 

Ern = i/nE,,,, = V1.5 x 16,000 
= 19,800 volts or 19.6 kV 

Peak modulation voltage between conductors of a two-wire line: 

= 19,800 x N /63--ro 26,840 volts 

The voltage between each conductor and earth is half this, i.e.? 

13,420 volts or 13.42 kV 

Attenuation 

Attenuation in decibels: 

a =-. 10 log" (Pi/Pi) 
= 20 log" (E1/E) if input and output impedances are equal 

EXAMPLE 5.—Two co-axial cables suitable for television reception have 
respectively attenuations of 8.0 d,b/100 ft. and 2-5 db/100 ft. at 46 Mc/a. 
What will be the percentage gain in power delivered by the aerial to the 
receiver in a length of 25 ft. if the smaller cable is replaced by the larger ? 

The smaller cable has an attenuation of 6.0 db/100 ft. 

Attenuation in 25 ft. of the smaller cable: 

8.0 x 25 
a =  100 — 1 5 db 
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6db/100' 

î 

25' 2 Sdb/100' 

Fia. O.— EXAMPLE 5. 

Ratio power input/power output; 

Pi/Pt = antilog ( 1-5/10) = 1413 

P,/Pi --- 0-708 

Attenuation in .25 ft. of the larger cable 

2-5 x 15 
— 0-625 db 

100 

P1/P, = ántilog (0-625/10) = 1-154 

P,/Pi = 0-866 

Gain in power 

0-866 
0-708 

= 1-223 times or 22-3 per cent gain 

Variation of Attenuation with Frequency 

Twin open-wire line: 

Co-axial line: 

where P1 = power input; 
P, = power output; 
El = input voltage; 
E 2 = output voltage; 
= attenuation factors, depending on conductor resistance, 

insulation resistance and radiation losses. Average 
values are GI = 0-33 and c, = 0-27 when a is in 
db/km. and r, = inner radius of outer conductor, cm.; 

f = frequency. Me/s. 

EXAMPLE 6.—A balanced twin-wire line ha* an attenuation of 1.5 
db!kilometre at a frequency of 10 Mc/s. Cálculate the attenuation in a 
line 400 metre!, long at a frequency of 30 Mc/e. 

a -= ci‘if 

a c21/flr, 
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Attenuation at a frequency : tx, =--- c\ 'f, 

Attenuation at a frequency f,: as = c%/f, 

Hence as/ch = 

Attenuation per kilometre at 30 Mc/s: = 2.6 db/km. 

Attenuation in a length of 400 metres: a", 4001,41:.6 1 04 db  

EXAMPLE 7.—A master oscillator delivers a stabilized radio-frequency 
output of 1-watt to a transmitter through a co-axial cable 50 ft. long. 
What will be the power output te the transmitter at 5 and 20 Mc la if the 
cable has an attenuation of 1-3 db/100 ft. at 10 Mc/s? 

Since a a Vf, attenuation at 5 Me/s: 

aticci = 

a, = 1.3V5/10 = 0.92 db/100 ft. or 0.46 db/50 ft. 

Power output at 5 Mc/s: 

Since a = 10 log 10 (PI/P,) 

P, = P,/antilog (a/10) -= l/antilog 0-046 = 0.9 watt 

Attenuation at 20 Mc/s 

= 1.3V20/10 = 1.3 x 1414 

= 1.83 db/100 ft. or 0.915 db/50 ft. 

Power output at 20 Mc/s: 

P 2 = P,/antilog (a/10) = l/antilog 0.0915 = 0.81 watt 

I —95 
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POWER SUPPLY 

A.C. Supplies 
The power, voltage and current relationships in the load on a single-

phase or three-phase supply are: 

Load power, kW . 
Load, VA . • 
Line curreiit. 
Line-to-neutral voltage 

where E = 
I= 
P = 

cos 4. = 

BALANCED 
SINGLE-PHASE THREE-PHASE 
SUPPLY SUPPLY 

EI coe V3EI cos çl) 
El V3EI 

PIE co. e PIV3E cos 4. 
EiV3 

line voltage; - 
line current; 
power, watts; 
power, factor. 

EXAMPLE 1.-A transmitter takes 10 with a line current of 16 
amperes from a 400-volt three-phase transformer having an efficiency of 

TRANSMITTER 
I6A FIG, 101.—EXAMPLE I. 

EFFIY.= 96°/c, 400V 

96 per cent. Find the power factor of the load and the kVA input to the 
transformer, assuming the phases to be equally loaded. 

Power factor 
10,000  

cos = PIV3EI —  —• 0 904 
%/3 x 400 x 16  

kVA input to transformer: 

10 11.5 kVA kVA --- Pin cos (/, — 0.96 x 0.904 

Measurement of A.C. Power and Power Factor 

The power taken by an installation can be measured by the three-
voltmeter or three-ammeter method without the use of a watt-meter. 
In the voltmeter method a' non-inductive resistance is connected in 
series, and in the ammeter method in parallel with the load. Three 
voltmeters or ammeters are connected as shown in Fig. 102 (a) and (b) 
and their readings taken. 

THREE-VOLTMETER THREE-AMMETER 
METHOD METHOD 

Power, P . . (V32 — V12 — !yen Rue - — 
Power factor, cos rk (17,2 — 1711 — 11,2)/2 (41 — /II — /12)/2/1/1 
Current, I . . 
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13 

(al 
(h) 

102.—MEASUREMENT OF A.C. Pow. 

where V, =- voltage across non-inductive resistance; 
V, = Voltage across load; 
V, -= voltage across load and resistance together; 
/1 = current in non-inductive resistance; 

-= current in load; 
= current in load and resistance together; 

R = resistance in series or parallel, ohms. 

EXAMPLE 2.—The A.C. power input to a transmitter was measured by 
the three-voltmeter method, which „gave the following readings: 81 volts 
across a non-inductive resistance of 3 ohms in series, 152 volts across the 
load and 230 volts across the load and resistance together. Calculate: 
(a) the power of the transmitter; (b) the load current; and (c) the power 
factor of the load. 

(a) Power input to transmitter: 

230' — 81' — 152' 
P = ( V32 — V12 — 1722),12R 2 x 3 = 3,873 watts 

(b) Load current: 

/ =- V,IR =- 81/3 = 27 amperes 

(c) Power factor of load: 

cos 4= P/(kVA) = P/ V,/ 

3,873  
= 0-944 

152 x 27 

Power-factor Correction 

The usual method of improving a lagging power factor is to add to 
the existing load a capacitor which will take a leading current to 
neutralize the lagging current. 
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1- PHASE 

Fia. 103.—POWER 
FACTOR CORRECTION. 

Capacitor kVA required to raise the power factor from a value cos 9S: 

to cos #2: 
kVA = (kVAr), - (kVAr)2 

(kVA) 1 sin 4 - (kVA): sin 4,3 

where = anglo of lag before correction; 
.;b2 =- angle of lag after correction; 

kVAI = kVA of load before correction; 

kVA2 kVA of load after correction; 
kVArt = reactive kVA of load before correction; 

kVAr, -- reactive kVA of load after correction. 

EXAMPLE 3.—Capacitors are to be installed to improve the power factor 
of a station taking 200 kW at 0:87 power factor lagging. Find: (a) the 
kVA rating of capacitors necessary to raise the power factor to 0-95 lagging; 
and (b) the reduction of load kV A ruulting from the correction. 

Present kVA of station : 
200. 

kVA I = Picos 4, 1 0.87 -= 230 kVA 

Reactive kVA: 

kVArt = (kVA 1) sin ,;b1 ------. 230 x 0492-1 = 113.3 kVA 

LOAD 
LOAD LOAD 

3- PHASE 3- PHASE 
A - CONNECTION Y- CONNECTION 

Pic. 104.—CAPACITORS FOR POWER FACTOR CORRECTION. 



105.—EXAMPLE 3. 

cos 

kVA after correction: 

FORMUL, AND CALCULATIONS 

cos 02=0.95 
kW 

0.87 

kVA, = Picos 200 es = 210.5 kVA 
0.95 

1-99 

CONDENSER 
kVA 

Reactive kVA after correction: 

kVAr, = (kVA,) sin 93, --- 210.8 x 0.3123 -= 65.8 kVA 

Capacitor kVA 

= (kVAri) - (kVAr,) = 113.3 - 65.8 = 47-5 kVA 

Load reduction 

= (kVAi) - (kVA,) = 230 - 21..,.5 = 19.5 kVA 

Engine Generators 

Overall efficiency : 

%no 

where q =- thermodynamic efficiency of engine; 
17, --- electromechanical efficiency of generator. 

Average thermodynamic efficiencies of engines: 

Diesels of 10-50 b.h.p. . . 
Diesels of 50 b.h.p. per cylinder 
Diesels of 100 b.h.p. per cylinder 
Paraffin engines . . . 
Four-stroke petrol engines . 

Electromechanical efficiencies of generators: 

Alternators of 5-50 kVA . 
Alternators of 50-500 kVA . 
D.C. generators of 5-50 kW . 
D.C. generators of 50-500 kW 

• 28-30 per cent 
• 30-33 per cent 
• 33-36 per cent 
• 17-22 per cent 
• 15-20 per cent 

. 81-90 per cent 

. 90-94.5 per cent 
. . 82-91 per cent 
. • . 91-94 per cent 

Equivalent Power 

The energy value of fuel is specified by its calorific value in B.Th.U./lb. 
or B.Th.U./gal., and the equivalent mechanical h.p. or electrical power 
in kW is determined from the thermal power in B.Th.U./sec• 

1 B.Th.U../sec. = 1,058 watts 
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Average calorific values of liquid fuel: 

Diesel oil . 
Paraffin. 
Petrol . 

• 18,400-19,500 B.Th.U./lb. 
• 22,000 B.Th.U./lb. 
. 18,000 B.Th.U./lb. 

EXAMPLE 4.—Find the generating cost per 
a Diesel-alternator, given the following data: 

Cost of fuel oil . 
Calorific value . 
Specific gravity . • 
Overall efficiency of engine 
Efficiency of generator . 

1 B.Th.U./second = 1,058 watts 

3,600 1,0u0 .  x  Hence 1 kWH = — 3,400 B.Th.U. 
1,058 

. Number of B.Th.U. required to generate 1 kWH with engine and 

generator efficiencies 71, and : 

3,400 3,400 
B.Th.U. = — 0.32 x 0-95 — 11,190 B.Th.U. no„ —  

unit (kWH) of electricity of 

. Is. per gal. 

. 19,000 B.Th.U./lb. 

. 0-9 

. 32 per cent 

. 91 per cent 

1 gal. water weighs 10 lb. 
••. 1 gal. fuel oil of specific gravity 0-9 weighs 10 x 0.9 = 9 lb. 
Hence 1 gal. fuel oil produces 9 x 19,000 B.Th.U. 
No. of gal. required to produce 11,190 B.Th.U. 

11,190  
9 x 19,000 0.0654 gal. =  

Cost per kWH at is. per gal. = 0-0654 x 12 = 0.735d. 

Total Power Requirement ot a Transmitter 

The total kVA input is the vector sum of the powers in kW and the 
reactive kVA (kVAr) of the individual pieces of apparatus. 

Power input to each load: 

Reactive kVA of each load: kV 

Total kVA of combined loads 

Overall power factor 

P = (kVA) cos ¢, 

Ar P tan 43= (kVA) sin- 95 

Vp-r (EkVAr) 

= E(kw)/E(kVA) 
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A.C. RECTIFIERS AND SMOOTHING FILTERS 

Rectification Factors 

Table 9 gives the principal sectors used in the design of polyphase 
rectifiers. They are given in terms of the average D.C. output voltage, 
neglecting the voltage drops in the rectifier and filter choke, which must 
be taken into account separately. 

TABLE 9.—POLYrHASE RECTIFIER FACTORS 

Circuit 
R.m.s. 

Secondary 
Voltage 

Inverse 
Peak 
Voltage 

Frequency 
of Ripple 
Voltage 

R.m.s. 
Ripple 
Voltage 

Single-phase full wave " 1•11 (half 
section) 

3.14 2f, 0.483 

Single-phase, full-wave 
bridge 

1.11 (whole 
section) 

1.57 2.4 0.485 

Three-phase half wave 0.855 2-09. 3.4 I 0-188 
Three-phase, half-wave 
' interconnected 

0.95 (0.493 
half leg) 

2-09 31.0 0.183 

Three-phase, full-wave 
double star 

0.74 (phase 
neutral) 

2-09 6.Ío 0.042 

Three-phase, full-wave 
single star 

0.428 (phase 
neutral) 

1-95 6.4 0.042 

If the circuit voltage drops are taken into account, the r.m.s. secondary 
voltage of the transformer 

E, -F E. + EL) 

where .E0 = average output D.C. voltage; 
= voltage drop in rectifier element; 

EL -= voltage drop in filter choke; 
= voltage conversion factor given in column 2. 

EXAMPLE 1.—Calculate the secondary voltage between (rulers and the 
secondary kVA of a transformer for a three-phase, half-wave rectifier to 
deliver 2.5 amperee at 5,000 volts D.C. The voltage drop in the rectifier 
is 15 volts, and the resistance of the filter choke 48 ohms. 

Voltage drop in choke: 

EL = IoRL = 2.5 x 48 = 120 volts 

Voltage conversion factor: 

k, =-- 0-855 

Transformer secondary voltage between outers 

E, = k,(E. + E, -I- EL) = 0.855 (5,000 + 15 120) 
= 4,390 volts r.m.s, 
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(a) 

(c) 

(e) 

(b) 

1•11•11, 

(d) 

(f) 

FIG. I06.--(a) SLIWLE-PHASE, FULL W AVE; (b) SINGLE-PHASE, FULL-WAVE 
BRIDGE; (C) THREE-PHASE, HALF W AVE; (d) THREE-PHASE, HALF-WAVE 
INTERCONNECTED STAR; (e) THREE-PHASE, FULL-WAVE DOUBLE Y; (f) THREE-

PHASE, FULL-WAVE SINGLE Y. 
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(a) 

Ea.-- 15V 

107.—Ex. 
AMPLE 1. 

RL= 
48r1 10-= 2.5A 

5000V 

Secondary kVA 

= V3E2/0/1,000 

V3 x 4,390 x  2-5 = 19 kVA 
1,000 

Smoothing Filters 

RIPPLE REDUCTION FACTOR 

Input capacitor alone (Fig. 108 (a)) : 

a, = 11V2irf,CoRL 

Choke input filter (L section) (Fig. 108 (b)): 

a, = 1/( 2,L2C2 — 1)" 

Choke input filter multi-stage (Fig. 108 (c)) : 

a, = 1/(w1,LIC, — 1)" 

Choke input filter with input capacitor (Fig. 108 (d)): 

(b) 

(C) (d) 

FIG. 108.—RIPPLE REDUCTION FACTOR. 
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where f, frequency of ripple voltage (see column 4 of rectification 
factors); 

Ry -= load resistance, ohms; 
Co = capacitance of input capacitor, farads; 
L1 = inductance of choke, henrys; 
C1 = capacitance of output capacitor, farads; 
n = number of similar filter sections in cascade; 
= 27r x ripple frequency. 

EXAMPLE 2.—A three-phase half-wave rectifier fed from 50-cls mains 
delivers a D.C. output at 500 volts. The smoothing filter consists of a 30-
henry choke followed by a 10-µF capacitor. Calculate the output ripple 
voltage. 

Ripple frequency: 

f, -= 3 x 50 = 150 chi 

= 2o x 150 = 942 

L=30 H 

3— ph. 

50 c/s 

109.—Ex-
AMPLE 2. 

Initial ripple-reduction factor: 

a,= 0.188 

Ripple-reduction factor of filter: 

a/ = 1/(07,8LiCi — 1) = 1/(w,2LICI) approx. 

1  
= 9422 x 30 x 10 x 10-4 = 0.00376 

Total ripple reduction: 

at = aoai= 0.188 x 3.78 x 10-; = 7.06 x 10-* 

Output ripple voltage: 

E = asE 0 = 7.08 x 14)-4 x 500 -= 0.353 volt 

EXAMPLE 3.—How much will the output ripple voltage of a singie stage 
L-sectio-n filter be reduced by : (a) doubling the capacitance; (b) adding a 
similar filter section in cascade; (c) employing three-phase, full-wave 
rectification instead of single-phase, full-wave ? 

(a) Since a cc 11C, 
ce 1/2C 

_ 1/C 

.*. The ripple voltage will be halved. 



(b) 

.*. 
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cc cc (1ILC)2 

a two-stage filter will square the ripple reduction factor. 

(c) The ratio 

Initial reduction for single-phase full wave 0-483 11-5 
Initial reduction for three-phase full wave = 0-042 = 

i.e., the ripple voltage will be reduced 11-5 times. 

I -1os 

Critical Filter Inductance 

Minimum value of choke inductance to ensure that the output • 
voltage does not fall below the average velue of the A.C. voltage wave: 

= R(/2k, — 

RECTIFIER EFFICIENCY: 

y = 100 E0/(E0 + E.) 

VOLTAGE REGULATION OF RECTIFIER: 

= 100(ENL — EL)1EL 

where E, = output ri.c. voltage; 
E., = voltage drop in rectifier; 
EN1, -= output voltage at no load; 
EL = output voltage at full load. 

EXAMPLE 4.—A 1,000-volt rectifier feeds an amplifier taking 500 tnA at 
750 volts through a series resistance. The voltage regulation of the rectifier 
alone is 15 per cent from full load to no load. Determine: (a) the series 
resistance; (b) the watts dissipated in the resistance; (0) the overall 
voltage regulation; (d) the efficiency of the rectifier at full load; and (e) the 
efficiency of the combination. 

(a) Series resistance : 

Voltage drop in R 1,000 — 750 
R, = 500 o  ms 

/0 0.5 

(b) Watts dissipated in resistance: 

P = 1,2R, = 0.52 x 500 ---,- 125 watts 

Fm. IN.—EXAMPLE 4. 

VOLTAGEI REGULATION = 15% 

0 . 5A 

E0= 750V 
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Voltage rise across rectifier at no load = 0-15 x 1,000 = 150 volte 
Voltage rise across resistor at no load -= 250 volts 

Total voltage rise at no load 400 volte 

400 x 100 
Overall voltage regulation -= 1,000  = 40 per cent  

(d) Efficiency of rectifier alone: 

100 x 750  loo E./(E. ± E.) = 750 X 150 83.3 per cent 

(e) Efficiency of combination: 
100 x 750  

nt =- 100 E0/(E0 + E. E,) — 65.2 per cent 750 + 150 + 250 — 

—.0-- AE2-0— 

RECTIFIED AND 
SMOOTHED A.C. 

R1 

REGULATED 
D.C. 

FIG. I 1 1.—THERM IONIC VOLTAGE REGULATOR. 

Thermionic Voltage Regulators 
The general method of determining the condition for effective voltage 

regulation is illustrated by the following procedure for the circuit shown 
in Fig. 111. 

Let E, = compensating voltage change; 
AEI = supply voltage variation; 

= anode current change in control valve; 
R. = series compensating resistance; 
R1 =- total resistance of voltage divider; 
R1' = resistance of tapped portion of divider; 
g = mutual conductance of valve, amperes/volt. 

COMPENSATING VOLTAGE 

= AÏ, . R. 

But = AE,. g 
= ARa(RI'(Ri) • g 

Hence AE. = ,C.Es • gReRi'IR1 

Effective regulation is achieved when AR. = biEs or M c/AEI = 1; 
i.e., when R. = 
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For a given anode current change M. obtainable, the range of voltage 
control 

AE2 = M.. R, 

EXAMPLE 5.—Calculate the value of series convperesaiing resistance 
required in the voltage compensating circuit of Fig. 112, and the maximum 

112.—Ex-
AMPLE .3. 

20k n 
9=10 mA/V 
Ia min =2mA 
1, max= 27mA 

variation of supply voltage over which control will be effective. The enode 
current change obtainable is 2-27 mA, g = 10 mA 1 volt, and the resinee 
of the voltage divider is 20 k Q tapped a quarter of the way up. 

At quarter tapping Ri/R2' = 20/5 = 4 kû 

Compensating resistance: 

4 
= (734 -1 = 400 ohms 

Maximum range of control voltage: 

AE, = M 1R, = (0.027 — 0-002)400 
= 10 volts or ± 5 volts 
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TRANSFORMERS AND REACTORS 

Transformation Ratio 

Turns rat io for an ideal transformer, 100 per cent efficient 

k N2 /NI 
= 41E, = I III 

where N iNs = number of primary and secondary turns; 
EiEs -= primary and secondary voltages; 
II = primary and secondary currents. 

In practice, the turns ratio for a transformer with a voltage regulation 
of y per cent from no load to full load, or of efficiency n 

k = E1(1 ± v1100)1E1 
EsiVes if the efficiency > 50 per cent 

Equivalent -impedance of Transformer 

Èquivalent impedance of load on secondary, referred to 

terminals: 
Double wound, neglecting impedances of windings 

Z1 = Zs/k2 

Double wound, including impedances of windings 

Zs = Zs' (Zs Z2')/k2 

Double wound, with centre tapped primary, each half 
Z1 = Z2/40 

where Z1 =- primary load impedance; 
Zs = secondary load impedance; 
Zs = impedance of primary winding; 
Z„' = impedance of secondary winding. 

Multi-tapped primary, tapped section: 

Z' = Z(N'iN)2 

where Z' = load impedance of tapped section; 
Z = load impedance of whole winding; 

N' =- number of turns in tapped section; 
N = number of turns in whole winding. 

N, N2 

FIG. 113.—EQUIVALENT IMPED-
ANCE OF TRANSFORMER. 

FIG. 1 14.—TAPPED 
PRIMARY. 
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EXAMPLE 1.—Find the turns ratio of a transformer for use between an 
output stage having a rated load resistance of 5,000 ohms and an output 
load resistance of 20 ohms. At what pointa must the secondary be tapped 
for alternative load resistances of 15 ohms and 10 ohms 

Turns ratio, primary to secondary: 

k =    r__ 15.8/1  
Secondary tapping for 15 ohms output: 

= \Ike5 = 0.866 of the secondary turns 

Secondary tapping or 10 ohms output: 

= =-  0.707 of the secondary turns 
20 

21 
500011 

Fla. 116 (right).—TRAss-
FORMER EFFICIENCY 

FACTORS. 

Transformer Efficiency and Power Losses 

Efficiency . 
Power input . . 
Toted power losses . 
Copper losses 
Core losses • . . 
Primary copper loss . 
Secondary copper loss 
Total copper losses . 
Eddy current loss, ergs/cycle/c.c. of iron 
Hysteresis loss, watts/c.c. of iron 

where 

Fla. 115 (left).—Ex. 
AMPLE 1. 

17 = P,/(P, + Pe -I- Pt) 
Pl = Psin 

P,(1 - 1) 
Pe = PLI2 
P = PL/2 
= 112R1 

P. = I,2(ksR, R,) 
=- KB" 

P = fKB".x 10-7 

P2 =- secondary volt-amperes; 
R1 = resistance of primary winding; 
R, = resistance of secondary winding; 
K = a factor, depending on the type of iron; 
B = flux density, lines per c.c.; 
f = frequency, c/s. 

• For economy in design of power-supply transformers, primary and secon• 
(Wry copper losses are equalized, and core losses are made approximately equal 
to copper losses. 
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AVERAGE EFFICIENCIES OF SMALL TRANSFORMERS 

60 VA . 75 per cent 300 VA . • 93 per cent 
100 VA . . 85 per cent 500 VA . • 94 per cent 
200 VA . 90 per cent 1,000 VA . • 96 per cent 

EXAMPLE 2.—A transformer has an output of 100 VA at 400 volts 
and a turns ratio of 1/1.75. The resistance of the primary winding is 
20 ohms and the secondary 85 ohms. Find the efficiency, assuming that 
the copper and iron losses are equalized. 

Secondary current: 

100 
/2 = P2/E, = 4-F0 = 0-25 ampere 

Ri=20r. Ra= 85.rt 

12 — 4"-

P2=10 0 VA 

117.—EirmarLE 2. 

Total copper loss: 

P. -= Ist(lciRi + RI) 
= 0-252(1.751 x 20 + 85) =-• 9-14 watts 

Iron losses = copper losses 

.». Total losses = 2 x = 18.28 watts 

Efficiency per cent: 

n = looPsl(Pi + PL) 

100 x 100  
100 18.28 — 84-6 per cept 

Voltage Regulation of Transformers 

Percentage regulation: 

where 

V = 100(ENL — E IL)1E !IL 

EFL = output voltage at full load, 
ENL output voltage at no load. 

AVERAGE VOLTAGE REGULATION Or POWER TRANSFORMERS 

1 kVA . 
5 kVA . 
10 kVA. 

3.2 per cent 
3.0 per cent 
2-2 per cent 

20 kVA . • 1.8 per cent 
50 kVA . • 1.5 per cent 
100 kVA . 1-25 per cent 
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EXAMPLE 3.—A rectifier transformer has a secondary voltage of 400 at 
full load and a voltage regulation of 5 per cent. What is the peak voltage 
applied to the rectifier when the load is switched off ? 

Regulation per cent : 

V = 100(ENz — Epi)/Ein = 100(1 — Eri/ERL) 

400 
Eyz, = E FLI(1 — V1100) -   421 volts 

1 — 5/100 --- 

Peak voltage at no load: 

= = V2 x 421 = 596 volts peak 

Transformer Design Factors 

The various quantities are determined in the following order: 

Secondary power output, watts 
Primary power input, watts 
Core area, sq. in. . . 
Primary current, amperes 
Secondary current, amperes 
Gauge of wire for primary and 
secondary . . . 

Primary turns per volt . . . 
For ..13„„. = 60,000 lines/sq. in. and 

50 c/s 
For = 80,000 lines/sq. in. and 

50 c/s 
Number of primary turns. 
Number of secondary turns 
Size of core laminations . 

P, = E11, 
Pl = Pabl 
"A = VP,I5•58 
II= PilE, 
Is= PI/ES 

Wire tables 
N I/El = 108/4.44fABm  

= 7.5/A 

= 5.63/A 
N1 = (NIIEI)E1 
N1= kN, 

To suit winding space 

EXAMPLE 4.—Determine the following data for a transformer to operate 
on a 230-volt, 50-01 supply and deliver 100 VA at 500 volts: (a) cross-
sectional area of core; (b) current rating for the wire used in each winding; 

ntber of primary and secondary turns, assuming a maximum flux 
density of 80,000 lines Isq. in. 

Assume an efficiency of 85 per cent for this rating. 

Do. 118.—EXAMPLE 4. 

= 0.85 

p max = 80,000 LINES /so. in 
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Primary power input: 
100 

PI=Pstil= — = 117.7 watts 
0.85 

Core area: 
V117.7 

A = P115.58 =   — 1.85 sq. in.  
5.58 

Primary current: 
117.7 

= Pi/E1 -= =  0.512 ampere  
230 

Secondary current: 
100 

/2 = P8/E2 = = 0.2 ampere 
500 

Turns per volt of primary: 
5.63 

Ni/E, = 5.63/A = —1.85 -= 3-04 turns/volt 

Turns ratio : 
500  

k = E2/VE — — 2 36 VO.85 x 230 

Total number of primary turns: 

N1 = 3.04 x 230 = 669 turns 

Total number of secondary turns: 

371 = kNi = 2.36 x 699 = 1,647 turns 

Auto Transformers 
The saving in copper over a double-wound transformer is determined 

by the ratio 

Copper in auto transformer  
Copper in double-wound transformer — 1 llk or 1 — k if k < 1 

Ea — E. 

Fla. 119.—Avzo TRANSFORMER. 

Secondary current: 

For ratios of 2/1 or 1/2 the quantity 
of copper is halved, and the• current 
in the common portion of the winding 
is zero in an ideal transformer. Little 
economy is realized for higher trans-
formation ratios. 

EXAMPLE 5.—An auto transformer 
is required to deliver 250 VA at 50 volts 
with an input of 230 volts. Calculate 
the current rating of each section of the 
winding, assuming an efficiency of 
90 per cent, and the percentage saving in 
copper over a double-wound transformer. 

250 
I = — = 5 amperes 

50 
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.Fxo. 12O.—Ex. i.x 5. 

SO V VA 

Primary current: 

250 
230 = 1.208 amneres 

Current rating of upper section of winding -= 5 

Current rating of common section of winding = - 

= 5 — 1-21 
= 3-79 

Turns ratio k = E2/147.Ei 050 
= .9 x 230 = 0.229 

Percentage saving in copper = 1 — 1/k (or 1 — k when k < 1) 

-= 1 — 0.229 
= 0-771, 

or a saving of 77 r cent a rox. 

Iron-core Chokes 

Audio-frequency chokes and transformers with A.C. only floiving: 

L (3.2.N2p .A x 10-8 

Ripple filter chokes w ith large air gap. D.C. component of current 
large compared with A.C. component : 

L (3.21171211Q 10-a 

where µ A.C. permeability, dependent on flux density and iron 
alloy used 
audio - frequency 
chokes at very 
low flux density 

1,000; 
L = inductance, henrys; 
N number of turns in 

winding ; 
A = cross-sectional area 

of core, sq. in.; 
/ = length of magnetic 

path, in. ; no: 121.—IdsoNenc Peru or = length of air gap, in. 
CHOKE. 
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CABLES AND LINES 

Rating of Power Cables 
The determination of the size of a cable is normally governed by its 

current-carrying capacity, but in low-voltage circuits carrying heavy 
current, the voltage drop and power loss in the cable must also be taken 
into consideration. The current rating of power cables of different 
sizes run under various conditions can be obtained from the I.E.E. 
Regulations for the Electrical Eqiiipment of Buildings. 
The current taken by ordinary power supply and conversion apparatus 

can be calculated from the formulœ given in Table 10. 

TABLE 10.—FORMTJLIE FOR CURRENT TAKEN 

R.m.s. Line Current 

Single-phase transformer 
Three-phase transformer 
Single-phase rectifier . • • 
Three-phase or six-phase rectifier • . 
D.C. motor . . • 
*Single-phase A.C. motor 
Three-phase A.C. motor 
Single-phase alternator . 
Three-phase alternator • 

P2/E1 

kI0(E2 EL)/El 
klo(E0 EL)/%/3e, 

746 Ps/nEt 
. 746 PA/nEi ,013 
746 Ph/ V377E, cos 4, 

PolE cos 4, 
POI V3E cos it, 

• On a three-phase system with earthed neutral the voltage rating of a 
cable is 1/V3 or 0.578 of the line voltage. 

where P2 = secondary VA; 
Ph -= rated horse-power; 
P, = power output, watts; 

-—_. efficiency; 
E0 = D.C. output voltage; 
E, = input r.m.s. voltage; 
EL = voltage drop across filter choke; 
/0 = D.C. output current, amperes; 
k = a conversion factor, depending on the number of rectified 

phases. 

Single-phase, full wave . • k = 1.11 
Single-phase, full wave,„bridge • k = 1.11 
Three-phase, half wave . • k = 1.21 
Three-phase, full wave, star, . k = 1.28 
Three-phase, full wave, bridge . k = 1.05. 

Voltage Drop and Power Loss in Cables 
Resistance per foot length, ohms . . r = clA 
Voltage drop per foot length, ohms . Jr = cliA 
Power loss per foot length, watts .. . Pr = cl2IA 

where A = cross-sectional area of conductor, eq. in.; 
o =- resistance per unit length (= 8.75 . Dr° ohm/ft. for soft 

copper wire) 
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TESTS AND MEASUREMENTS 

Calibration of Meters 

VOLTMETER SERIES MULTIPLIER RESISTANCE 

R, = R„,(n — 1) 

AMMETER SHUNT RESISTANCE 

Res= R,,,/(n — 1) 

Rm 

122.—SERIES AND FIG. 123.—VOLTMETER WITH 
SHUNT .MULTIPLIERS. POTENTIAL DIVIDER. 

VOLTMETER WITH POTENTIAL DIVIDER 

When a moving-coil voltmeter'is used with a potential divider for 
measuring high D.C. voltages, the resistances of the unshunted and 
shunted sectias are: 

R1 = (E0 — IneRne)110 
R2 = — I.) 

where R„, = resistance of meter (ohms/volt x range in the case of a 
voltmeter); 

n = scale multiplier; 
R1 = re,iistance of unshunted section of divider; 
R2 = re.sistance of shunted section of divider; 
I„, = meter current for full scale deflection, amperes; 
= to:41.1 current in potential divider (1, > I.). 

EXAMPLE 1,--A voltmeter, scaled 0-40 volts, has a resistance of 2,500 
ohnuilvolt and gives full-scale deflection with 0.4 mi. (a) What resistance 
will be required ;n series to read 100 volts full scale ? (b) If the meter is 
tapped across a potential divider to read 1,000 volts full scale, what will be 
the resistance of each section if the total current is to be 1 mA ? 

(a) Voltmeter resistance : 

R„ = 2,500 x 40 = 100,000 ohms 

Scale multiplier: 

n = 100/40 = 2.5 

Resistance required in series : 

R, = R.(n — 1) 
= 100,000(2.5 — 1) 150,000 ohms 
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Im= 0.4 mA.f.s.d. 

100V 

(a) 

1000 V 

I o= lmA 

Im= C•41mA 

(b) 

R5=100 kC1 

FIG. 124.—EXAMPLE I. 

(b) .ResistPnce of unshunted section : 

R, = (E, — 

1,000 — (0.0004 x 100,000) 

0.001 

= 0.96 x 106 ohms = 0.96 Ma say 1 Mil 

Resistance of shunted section : 

R2 = 1„.R.1(1, — 

0.0004 x 100,000 

0.001 — 0.0004 

= 6.67 x 104 ohms or 66.7 kfl  

Bridge-measuring Instruments 

A Wheatstone resistance bridge is balanced when 

R. = RzlesiRi 

EXAMPLE 2.—The resistance of a co-axial cable having a norma 
resistance of 23-6 ohms/1,000 yd. was measured on a Wheatstone bridge to 
determine the position of an earth fault. The res;stancee of the two ratio 

<11-e 

126.—EXA3IPLE 2. FIG. / 25.—W HEAT 
STONE RESISTANCE 

BRIDGE. 

R, Ra 
loon 10C1 CABLE 

23.60 /1000 YDS 
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A.F. SOURCE 

127.--CApeci• 
TANCE BRIDGE. 

(a) (b) 

FIG. 128.--CONNECTIONS FOR (a) POSITIVE 
AND (b) NEGATIVE REACTANCES. 

arms were respectively 100 and 10 ohms, and balance was obtained when 
the variable arm was 42 ohms. Find the distance of the fault from the 
testing end. 

Resistance of cable : 

Rz = RzRzIRI = 42 lx00 10 — 4•2 ohms 

Distance of fault from end of cable 

1 000 X 4.2 
= =  ' 23.6 — 178 yd. 

A simple capacitance bridge (Fig. 127) is balaneed when 

--= CR,/R1 

where Riles =- calibrated resistance arms; 
R, = adjustable calibrated resistance; 
= resistance to be measured; 

01 = adjustable calibrated capacitance, 
C. --- capacitance to be measured. 

An A.C. impedance bridge is balanced when 

Z 

Usually Z1 and Z, are made equal, so that the impedances of the 
opposite arms 2, and Z. must be equal to satisfy the balance. Then if 
the balancing arm Z. is made a pure resistance R,, Z. -= R,. 

For a positive (inductive) reactance (Fig. 128 (a)) : 

Rx 1- Pr. == (Rs -F ..1aeleist)/{1 (s7R.)2} 

R. --- R./(1 (c0CRII)2} 
«LC R2,1{1 4- (cue R 3)2} 
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For a negative (capacitive) reactance (Fig. 128 (b)): 

R. = R,I{1 (œCR3)2), 
X. = — wCR,21{1 ± (wCR32)} 

where R. = resistance component of unknown impedance; 
X. = reactance component of unknown impedance; 
R3 --= resistance of balancing arm; 

added capacitance. 

EXAMPLE 3.—A cable of unknown impedance is ,annected to an A.C. 
impedance bridge. Balance is obtained at a frequency of 1,000 ell+ when 
the impedances of the ratio arms are equal, the restdance of, the balancing 
arm is 500 ohms and the shunt capacitance is 94 F. Calculate the 
resistance and reactance components of the cable. 

wC= 2x 102 x 4 x 10-2 = 2.513 x 10-3 

Impedance of cable: 

za = Ze3/Z1 

But since Z2 = ZI 

Z. = Z3 

R s(iX s)  
— R3+ jX3 

— jR310£  

= R71 5/WC 

iR5/0,C)(R2  
R32 -1- (1 /COC)2 

R3— jwCR32 
1 ± (cuCR3)i 

500 — j(2.513 X 10-2 X 5009 --- 194 — .j244 
1 + (2.513 x 10-3 X 500)2 

or 194 ohms resistance 
244 ohms capacitive reactance 

Z, = Z, 

R3= 50011 
C = 0.4,JF 

1000 cis 

FIG. l29.—.EXAMPLE 3. 

Resistance, Inductance and Capacitance 

Resistance, inductance and capacitance in low-frequency and radio. 
frequency circuits can often be determined from simple A.C. measure-
ments of voltage and current. 

Resistance . . R = Ell 

Inductance . . L = Elwl 

Capacitance . . C == //oiE 

Resistance with known resistance in series R = Ell — R, 

Inductance with known resis'ance in series L = { V (E — 

Capacitance with known resistance in series C = 1 /(ciA/ (E//)2 — R.2) 
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where E = r.m.s. value of voltage; 

I = r.m.s. value of current, amperes; 
= 27rf ; 

= known resistance in series, ohms. 

EXAMPLE 4.—A choke is connected in series with a capacitor across a 
100-volt, 1,000-c Is supply. The capacitor is adjusted until a maximum 
current of 200 mA flows in the circuit. The voltage across the capacitor, 

200 mA 

Fla. 130.—EXAMPLE 4. 

measured with a valve voltmeter, is then 150 volts r.m.s. Calculate the 
resistance and inductance of the choke and the capacitance of the capacitor 
assuming that the capacitor has negligible resiatance. 

Maximum current flows at resonance, and effective reactance of 
circuit is zero. Then resistance of choke: 

R EII = 100/0.2 = 500 ohms 

Capacitance of condenser: 

I = cuCE 

Ciap= lltuE X 108 

0.2 x 102  
2 x 1,000 x 150 = 1/1•57r = 0.212 ,LF =  

Since inductive and capacitive reactances are equal at resonance, 

oLL •.• 

-= 1 lee 

1  
(2 x 1,000)2 x 0-212 x 10-2 —  0 12 henry 
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f - 1.8 MCfs 

Fla. I 31.—DETER-
DIVNATION OF SELF. 
CAPACITANCE OF IN-

DUCTOR L. 

Resonant Circuits 

Apparent inductance of resonant circuit, 
capacitance known . . L. ----- 1 w2C 

True inductance, (capacitance and self-capaci-
tance of coil known) . • . . L1 -= LoCi/(Ci 4- Co) 

Self-capacitance of inductance coil. This is found as follows: 

The coil is energized with a known capacitance in parallel by means 
of a calibrated test oscillator at the resonant frequency of the combina-
tion. The frequency is then doubled and the capacitance adjusted 
until resonance is again obtained. The self-capacitance : 

Co (C1 — 4Co)I3 

where C, = capacitance required for resonance at frequency f; 
C, = capacitance required for resonance at frequency 2f. 

EXAMPLE 5.—A coil of unknown inductance with a capacitance of 
250 pF in parallel tunes to a test oscillator at a frequency of 1-8 Mc/s. 
When the frequency is doubled, the circuit tunes with a capacitance of 
45 pF. Find the self .capacitance of the coil and its true inductance. A 
capacitor of unknown capacitance is now inserted in parallel, and the 
circuit is found to tune to a frequency of 1-03 Mc fs. Find the capacitance 

of the capacitor. 

Self-capacitance of coil: 
250 — 180 

(CI — W I) /3 = — 23.3 pF 
3 

0.12 = (2 x 1.8 x 106)2 = 1.277 x 10 14 

f=3.6Mels 

cl- eau 

250pF-"T• 
c2-
45pF 

132.—EXAMPLE 5. 

f=1.63Mc s 
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Apparent inductance: 

L. = 110)12C z 

L. (41) = 1012/eiii2C, when C, is in pF 

10"  

= 1-277 x 10" x 250 = 31.4H 

True inductance: 

L LC2  31.3 x 250 „o 

(0 1 + C0) = 250 -I- 23.3 —  1611  

cue = (2it x 1.63 x 106)2 = 1.046 x 10" 

•L (p.11) = 10 18/(cue(C, + Ca)) 

Capacitance of added capacitor: 

C, (pF) = ( 10 18/%2L„) — C, 

1012  
(l-046 x 10" x 314) 45 = 260 pF 

Radio-frequency Resistance 

1-121 

RESISTANCE VARIATION METHOD 

The apparatus of which the resistance is to be measured is inserted at 
X, and the circuit is coupled to a stable radio-frequency oscillator. A 
current reading is taken on a thermo-ammeter. A known non-inductive 
resistance is then inserted in series and a second reading is Then 

taken. 

R Ril(I — 1) 

where I --= current reading without added resistance; 
= current reading with 

added resistance; x 

RI = added resistance, ohms. 

ADDED REACTANCE METHOD 

Suitable for measuring the total 
resistance of a circuit. The current 
is measured at resonance. React-
ance is then zero. The circuit re-
actance is varied by a known amount 
and the current is read again. The 
reactance can be varied by adjusting 
a calibrated variable condenser or 
the number of turna of a known 
inductance or by changing the 
frequency. Then R1 I 

R = X iVI,21(ls — 4 1) FIG. 133.—MEASUREMENT OF RADIO. 
FREQUENCY RESISTANCE 
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where /, = current at resonance, amperes; 
= current with added reactance, amperes; 

X1 = added reactance, ohms 
(C, — C)/siC,C for variation of capacitance 
co(L — L,) for variation of inductance 
L(c02 — w,2)/0) for variation of frequency. 

Valve Testing 
The constants g, and R are determined from measurements of small 

relttive changes of anode current (I), anode voltage (SE) and grid 
voltage (SE). They are usually 

la specified for receiver valves at an 
E4,-200 anode voltage of 100, and zero 

grid bias, g should not be allowed 
Sl a to fall below 80 per cent of its 

specified value for satisfactory 
operation. 

81. 
Mutual conductance: g = 6—E, 

E g Amplification factor: p, = 8-4  

A.C. resistance R — 8E° - 
If two of the three constants 

are known, the third can be found 
from the relationship 

= gIt«, 

EXAMPLE 6.—T esta on a triode 
slwwed that when the anode voltage 
was reduced from 200 to 180 with 

134.—DETERMINATION VALVE 
zero grid bias, the anode current fell 

OS  
CONSTANTS. from 30 to 23.3 mil. When the 

anode voltage was kept constant at 
200 and the bias voltage was altered from 0 to —2 volts, the anode curreni 
fell to 22 mA. Find the values of 11., g and Ii. 

A.C. resistance 

Ea 

SE 200 — 180  
° 

61, (30 — 23.3)/1,000 = 2'985 ohms = =  

Mutual conductance: 
81. (30 — 22)/1,000 

g = 2 

= 0.004 ampere/volt or 4 mA /volt 

Amplification factor: 
ss yR„ = 0.004 x 2,985 = 11.9 

W . E. P. 



Accuracy 

Nearly all engineering data is approximate to within the limits 
imposed by measuring instruments, and no useful purpose is served by 
carrying the result of a calculation to more than the number of signi-
ficant figures given in the data. As an example, the diameter of a wire 
can be measured accurately with a micrometer to three significant figures. 
In calculating the resistance from the measured diameter and length, 
the accuracy of the result is not increased by working to more than three 
significant figures. 

Again, suppose it is required to convert a wavelength of 16.4 metres to 
frequency in megacycles. The result would be correctly stated as 

18-3 Mc/s. If the result were given as 18-29 Mc /s, no reliance could be placed on -the second decimal, as the original figure is given to only 
three significant figures. 

In most practical applications the results are seldom required to a 
greater accuracy than three significant figures, which is obtainable on a 
10-in, slide rule. Two significant figures is often sufficient for rough 
mental computations. 

A meter reading or a measurement given as 4.3 is understood to have 
limits of accuracy of 4.3 ± 0-05. If the reading were given as 4.30, 
the limits would be 4-30 ± 0-005, and so on. The procedure for adding, 
subtracting, multiplying and dividing data of equal accuracy when the 
limits are required is illustrated by the following examples : 

ADDITION 
SUBTRACTION 

4.3 ± 0.05 4.3 ± 0.05 
2 ± 0.05 3.2 -L 0-05 
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MULTIPLICATION 

(4-3 ± 0.05) (3.2 ± 0-05) 
= 13-76 ± 0-05 (4.3 -I- 3-2) + 0.0025 neglecting the last term. 
-= 13-76 ± 0.37 

Divis fox 

± ± 

or 1.1 ± 0-1  if the errors are of the same sign. 

4-3 ± 0-05 4.35 n 
3-2 ± 0.05 ---- 3-15 Y.1381 

4-25 
or 37,1-5 = 0-1308 

Find the mean of the two results to as many decimal places as the 
oatum. Then 

Mean quotient =- 0-1344 
Mean of difference = 0.0036 
Limits of ouotient = 0-1344 ± 0-0036 
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Approximations 

An approximate calculation can be made to determine the position of 
the decimal point or to obtain a rough answer to an extended product 
or division by the following method. With practice the working can be 
performed mentally. 
Write down each term of the expression as an approximate number of 

whole units to the left of the decimal point, multiplied or divided by the 
necessary number of tens written in index form, e.g., 

0-00385 = 4. 10 -3 
892 = 7 . 102 

Examples 

(1) 0.00365 x 692 x 8.2 
77.4 x 0.01 

4 x 7 x 8 10-3 x 102 
8 x 1 x 101 x 10-2 28 approx. 

(2) /2.1 x 8,074 
N/ 39.4 x 0.93 

/2 x 8 103 
x — 

N/ 4 x 1 101 

= 10V4 = 20 approx. 

Short Juts in Calculations 

Use of Indices. Numerical calculation is simplified by the use of 
indices or powers of ten. The index number, when positive, denote' the 
number of figures to the loft of the decimal point; when negative to the 
right of the decimal point, e.g., 

127,000 = 1.27 x 10> 
0.0038 = 3.8 x 10-3 
0.054 = 5-4 x 10-1 

The rules for operating on indices are 

x' X x" = x" 
x"lx" = 
(z in = eren 

102 x 101 = 101 
103/102 --- 10 
(103)1 = 108 

Examples 

(1) 3.2 x 0.00625 x 0.73 3-2 x 6.25 x  .0.73 10 -1 
6.29 x 25-64 x 0-01 = 6.29 x 2.564 X 10-i 

= 0-00905 
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(2) V0•003 x 0.17 = V3 x 1.7 x 10 ' 

= 10-2V15.1 

= 0.0226 

Squares and Square Roots 

The calculation of square roots and cube roots is simplified by 
remembering that 

Vx x 10" = 10"i2Vz 

«z x 10" = 10"afx 

Examples 

(1) V0•0009 = V9 x 10-4 = 10-4V9 -- 0.03 

(2) «27,000 = «27 x 102 = 10f 27 = 30 

In such expressions as a2b2, eibs, Va blVe -I- d the operation of 
squaring or extracting the square root can be reduced to one operation. 

Examples 

(1) cu'L' = (0L)1 

(2) a2/n2 = (am)' 

(3) VI?, .2./.4/VG4 I /.4C2 =-- V{R4 -F (coL)}1{G' 11(wC)1} 

Differences of Two Squares 

The difference of two squares can be calculated by factorizing without 
having to square the two quantities. 

a2 — 62 = (a + b)(a — b) 

Other useful approximations obtained by squaring are: 

(a -I- b)' = a2 2ab -F 62 
= a' +2a6 when a> b 

(a — b)2 a' — 2ab 
-= a' — 2ab when a > b 

Examples 

(I) 144 — 654 = (14 -I- 6.5)(14 — 6 = 153.75 approx. 

(2) 422 = 402 + 2(40 x 2) -= 1,760 approx.  

(3) 4.82 = 52 — 2(5.0 x 0-2) = 23 approx. 
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Products and Quotients 
The following approximations for the products and powers of bi-

nomial factors can often be applied to shorten certain calculations. 

(1 + x)(1 y) +x+y 
(1 + x)(1 + y)(1 + z) 1 + x+y+ z 
(1 ± x)" 1 ± nx 

when z, y and z < 1 

£xampfes 
(1) 1-003 x 0-995 -= ( 1 + 0-003)(1 — 0-005) 

-= 1 + 0-003 — 0-005 approx. 

= 0-998 

(2) 1 
3-006 

(3) 1 

V 0.994 

= (1 + 0-002)-1 

--..(l + (— 1 x 0-002)) approx. 

= 0-333 

-= (1 — 0-0060 

= 1 — ( — WO-006) approx. 

-= 1-003 

Calculating Successive Values from a Formula 
When an equation contains several variables, only one of which is 

varied, successive calculations for each different value of the variable 
factor are simplified by first working out the constant part of the 
expression, and then applying the appropriate law of proportions to the 

variable factor. 

Example 
The frequency in Ice ¡s of a tuned circuit is given by the formula 

f = 159/VLC, where L is the inductance in microhenrys and C the 
capacitance in microfarads. Find f when L = 50, 100, 150 and 200 µII 
respectively and C = 0-0002 F. 

When L = 50, fi = 159/V 

159 — 1,590 kcis 
— V50 x 2 x 10-4 

Note that, since f cc 11%/ LC 

at any other frequency f, = fit% L,IL, 

= f, 

Hence 
when L = 100 f, = f1/V2 = 1,120 kcis 

L = 150 f3=fi/v'3 = 920 kc/s 

L= 200 f4=f112 =  795 Ws 
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Expressions Containing w or (02 

Pulaatance w (= 2 ir x frequency) can be evaluated quickly in many 
cases by remembering that at 100 O/8 .w 828 approximately, and 
multiplying by 102 when the frequency is given in lcc/s asid 102 when in Mc/s. 

Examples 

(1) f = 1,000 c/s. 
w = w10„ x 10 = 6,280 

(2) f =- 5 kc/s. w = iwioo X 102 = 3-142 x 105 

(3) = 2.5 Mc/s. w = }wioo X 10 -= 1.571 X 102 

(4) f = 40 Mc/s. w ¡cum  x 102 = 2.51 x 1010 

0,2 commonly occurs in such expressions as co2LC. Calculation can be 
shortened by considering that 

412 = 3.94f2 x 102 when f is ;31 kc/s 
= 3.94f2 x I0 22 when /is in Mois 

Examples 

(1) f = 5 kc/s. 

(2) f = 8 Me Is. 

Conversion of Units 

0,2 = 3.94 x 52 x 102 = 9.85 x 102 

w2 3.94 x 82 x 10u = 2-52 x 1012 

In radio technique quantities are frequently measured in sub. 
multiples of basic units, e.g., current in milliamperes, inductance in 
microhenrys and capacitance in inicrofarads; whereas fundamental 
formulœ are derived from basic units. The procedure in the following 
examples will often simplify the conversion of formulre 

Examples 

(1) Find the power in watts dissipated by a resistance of 2,000 ohms 
when carrying a current of 30 mA. Power in watts P = PR. 

Instead of converting to amperes.e.nd squaring, it is simpler to divide 
mentally (milliamperes) by 1,000 and resistance by 1,000. 

P = 0.9 x 2 -= 1.8 watts 

(2) The frequency in c/s is given by the formula f = 1/27rVEC, 
when L is in henrys and C in farads. What is the frequency in Mc/s 
when L if. in microhenrys and C in microfarads? 

V.LuuCup = VLC, x 1012 

100'/LC, 
Also 

106fcie 

Hence the formula remains unchanged. 
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Where the conversion involves several factors, it is advisable to set 
down each factor step by step to reduce risk of errors. 

Example • 

Find the number of kilogram-calories per hour equivalent of 1 kW 
given that 

1 kg.cal. = 3-968 B.Th.U. 
1 B.Th.U./sec. -= 1.058 kW 

kW to B.Th.U./sec. + 1-058 
B.Th.U./sec. to kg.cal./sec. + 3-968 
kg.cal./sec. to kg.cal./hr. X 3,600 

3,600  
1 kW = 

1-058 x 3-968 

= 860 kg.cal. /hr. 

Use of Logarithms 

The laws of indices expressed in logarithmic form are: 

Product of two numbers . . . . log mn = log m + log n 
(Add the logs and take the antilog.) • 

Quotient of two numbers . . . log rn In log m — log n 
(Subtract the logs and take the antilog.) 

nth power of a number . . . . log nil, n log m 
(Multiply the log by the power and take the antilog.) 

nth root of a number . . . . log "ilm = (1/n) log m 
(Divide the log by the power and take the antilog.) 

In applying these principles to calculations, noto that the decimal 
part of a logarithm is positive, but the whole number (the index) to the 
left of the decimal point may be either positive or negative, according 
as the number corresponding to the logarithm is greater or less than 
unity. When the index is negative. convert the logarithm to a positive 
quantity by the device of adding + 10 — 10, as shown in the following 
examples. 

Examples 

(1) Evaluate 29-32 x 0-0076. 
3-451 

log 29-32 = 14672 
-= 18808 (-1- 10 — 10) = 7-8808 — 10 

9.3490 — 10 
log 3-451 0.5379 

antilog 8.8101 — 10 
8-8101 — 10 
antilog 2.8101 

= 0:06459 
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(2) Evaluate 2.303 x 69-5  
26.42 X 0.007 X 0.124 

Denominator Numerator 

log 2.303 = 0.3623 
log 69.05 = 1.8420 

log 26.42 = 14219 
log 0.007 -= 5.8451 
log. 0.124 = 1-0934 

2.2043 2.3604 2.3804 

• log quotient ---- 3.8439 
log = 1/3 (3.8439) 

= 1.2813 
antilog = 19.11 

Decibel Conversions 

Tables 11 and 12 provide a quick means of converting any power ratio 
or voltage ratio E,/E1 into decibels N, and vice versa, without 

the use of logarithmic tables. These tables have been derived from the 
basic formule 

or 
and, conversely, 

N = 10 log„ (Pi/Pi) 
N = 20 loge (E/E1) 

P2/Pi = antilog (N/10) 
E3IE, = antilog (N/20) 

To convert a power ratio greater than the ratios given in the table, 
divide the ratio by 10 in succession, until the quotient falls within the 
ratio column. Read the corresponding number of decibels, and add 
+10 db for each division by 10. 

Examples 

(1) To express a power ratio of 580 in decibels. 

580  
10 x 10 = 5.8 

From the table 

A power ratio of 5.8 -= 7-634 db 
A power ratio of 580 = 7.634 + 10 -I- 10 db 

= 27.63 db 

To convert a power ratio smaller than the ratios given in the table, 
multiply by 10 in succession, until the product falls within the ratio 
column. Read the corresponding number of decibels, and add — 10 db 
for each multiplication by 10. 

(2) To express a power ratio of 0.036 in decibels. 

0-036 x 10 x 10 = 3.6 

A power ratio of 3.6 = 5-563 db 
A power ratio of 0.036 = 5.563 — 10 — 10 db 

= — 14.44 db 
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TABLE 11.-CONVERSION OF POWER, VOLTAGE OR CURRENT RATIOS TO 
DECIBELS 

Power 
Ratio 

1.0 
1.1 
1.2 
1-3 
1.4 
1.5 
1.6 
1-7 
1-8 
1.9 
2-0 
2-1 
2.2 
2-3 
2.4 
2.5 
2.6 
2-7 
2-8 
2-9 
3.0 
3.1 
3.2 

db 

0.000 
0.414 
0.792 
1-139 
1-461 
1-761 
2.041 
2-304 
2.553 
2-788 
3-010 
3-222 
3.424 
3-617 
3-802 
3.979 
4-150 
4-314 
4.472 
4-624 
4-771 
4-914 
5-051 

Power 
Ratio 

3.3 
3-4 
3.5 
3-6 
3.7 
3.8 
3.9 
4.0 
4-1 
4.2 
4-3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5.0 
5-1 
5-2 
5.3 
5.4 
5.5 

db 

5-185 
5-315 
5-441 
5-563 
5-682 
5-798 
5-911 
6-021 
6.128 
6-232 
6-335 
6.435 
6.532 
6-628 
6-721 
6.812 
6.902 
6-990 
7.076 
7.160 
7-243 
7.324 
7-404 

Power 
Ratio 

db 

5-6 
5.7 
5.8 
5.9 
6.0 
6.1 
6-2 
6-3 
6.4 
6-5 
6-6 
6.7 
6-8 
6.9 
7-0 
7.1 
7-2 
7.3 
7.4 
7-5 
7-6 
7.7 
7.8 

7-482 
7.559 
7.634 
7-709 
7.782 
7.853 
7.924 
7.993 
8-062 
8.129 
8-195. 
8.261 
8.325 
8-388 
8-451 
8.513 
8.573 
8.633 
8.692 
8.751 
8.808 
8-865 
8-921 

Power 
Ratio 

7.9 
8-0 
8-1 
8.2 
8.3 
8-4 
8-5 
8.6 
8-7 
8.8 
8-9 
9.0 
9.1 
9.2 
9.3 
9-4 
9.5 
9.6 
9.7 
9-8 
9.9 

10-0 

db 

8-976 
9.031 
9.085 
9.138 
9-191 
9.243 
9.294 
9.345 
9.395 
9.445 
9.494 
9-542 
9-590 
9.638 
9-685 
9-731 
9-777 
9-823 
9-868 
9-912 
9.956 
10-000 

To convert a voltage or current ratio; treat the value' in the power 
ratio column as a voltage or current ratio, and double the corresponding 
number of decibels read in the decibel column. If the ratio is outside 
the range of the table, follow the procedure outlined above. 

(3) To express a voltage ratio of 75 in decibels. 

75 
10 
= 7-5 

A power ratio of 7-5 ---- 8-751 db 
A voltage ratio of 7.5 = 8.751 x 2 = 17.50 db 
A voltage ratio of 75 = 17-5 10 = 27-5 db  

To convert values intermediate between 10 and 100 db, not included 
in the table, proceed as follows 

(1) Select from the.decibel column the nearest value below the 
given decibels, and note the corresponding ratio. 

(2) Subtract the selected decibels from the given decibels, and 
note the corresponding ratio. 

(3) Multiply the two ratios thus found. 
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TABLE 12.—CONVERSION OF DECIBELS TO POWER, VOLTAGE OR CURRENT 
RATIOS 

Gain 

Power Ratio 

1.000 
1.259 
1.585 
1.995 
2.512 
3.162 
3.981 
5.012 
6.310 
7.943 

10 
102 
103 
102 
11)3 
10° 
10° 
10° 
10° 
1010 

Voltage or 
Current Ratio 

1.000 
1.122 
1.259 
1.413 
1-585 
F778 
1.995 
2-239 
2.512 
2.818 

3.162 
10 

3-162 x 10 
102 

3-162 x 102 
103 

3.162 x 103 
104 

3.162 x 101 
105 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

Loss 

Power Ratio 

1-0000 
0.7943 
0-6310 
0.5012 
0-3981 
0-3162 
0-2512 
0.1995 
0.1585 
01259 

10-1 
10-2 
10-3 
10-4 
10-2 
10-4 
10-7 
10-8 
101 
10-10 

Voltage or 
Current Ratio 

I -0000 
0.8193 
0.7943 
0-7079 
0-6310 
0-5023 
0.5012 
0.4467 
0.3981 
0-3548 

3.162 x 10 
10-1 

3-162 x 10-1 
10-2 

3-162 x 10-1 
10-1 

3.162 x 10-3 
10-4 

30162 x 10-2 
10-3 

Examples 

(1) To express a gain of 28 decibels as a power ratio. 
From the table: 

Power ratio for + 20 db = 100 
Power ratio for + 8 db = 6.31 
Power ratio for + 28 db -= 100 x 6-31 = 631 

(2) To express a level of 15 decibels below zero level (1 mW) as power 
output in milliwatts. 
From the table: 

Power ratio for — 10 db = 0-1 
Power ratio for — 5 db = 0.3162 
Power output (reference 1 mW) = 0-1 x 0.3162 x 1 

= 0-0316 mW 

(3) To express a voltage gain of 44 decibels as output voltage when 
the input level is 0•5 volte. Input and output impedances are assumed to be equal. 
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From the table: 

Voltage" ratio for + 40 db =- 100 
Voltage ratio for + 4 db = 1.585 
Output voltage (reference 0.5 V) = 100 x 1-585 x 0-5 

= 79-25 volts 

Slide-rule Calculations 

The principal scales on the face of a slide rule are divided into lengths 
proportional to the logarithms of the numbers engraved opposite the 
lengths. On a 10-in, rule the full scale from 1 to 10 corresponds « to 
log10 10, and the length in inches corresponding to any number between 
1 and 10 is equal to the logarithm of that number multiplied by 10. 

Multiplication of two numbers by addition of their logarithms is 
performed directly by adding the length representing one number on 
the sliding scale to the length representing the other on the fixed scale. 
Fig. 135 (a), with the aid of an example, will illustrate the principle of this 
operation. To multiply 3.2 x 2.5 set 1 on the sliding scale opposite 3-2 
on the fixed scale. Opposite 2-5 on the sliding scale, read off the product 
8-0 on the fixed scale. 

Similarly, to divide two numbers by subtracting their logarithms, the 
lengths are subtracted, as in Fig. 135 (6). To divide 8-0 by 3-2 we sot 3.2 
on the fixed scale opposite 8.0 on the sliding scale. Opposite 1 on the 
fixed scale read off the quotient 2-5 on the sliding scale. The method 
of approximating to determine the position of the decimal point has 
been described in an earlier section. 
The ordinary straight slide rule has four scales on the front face 

which will be referred to in the sections that follow as A, B, C, D. 
A and D are fixed to the body of the scale; B and C are on the slide. 
A and B are similar; O and D are also similar. On the reverse of the 
slide aro three more scales for calculating sines, tangents and logarithms, 
which will be referred to as S, T and L respectively. 
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FIG. 135. —THE FIXED AND SLIDING SCALES OF A'SLIDE RULE, SHOWING: (a) 

THE METHOD OF M ULTIPLICATION, AND (b) THE M ETHOD 07 DIVISION. 
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Multiplication and Division 

When the numerator and denominator both contain two or more 
factors, the number of movements of the slide can be reduced by cross 
dividing and multiplying alternately. 

Example 

0.038 x 625.  
89.6 x 0.00011 

Approximation for the decimal point 2700. 

(i) Set hair line on cursor over 3-8 on Scale D. 
(ii) Slide Scale C until 8.96 appears under hair line. 

(iii) Set hair line on cursor over 6.25 on Scale C. 
(iv) Slide Scale C until 1.1 appears under hair line. 
(v) Read off 241 under 1 on Scale D. 

Answer to 3 significant figures = 2,410 

Squares 

Scales C and D are each twice the length of Scales A and B. Since 
log x2 = 2 log x, numbers on Scale A are the squares of the numbers 
opposite them on Scale D. 

Exampte 
0.06272 

Approximation for the decimal point 0.0036. 

(i) Set hair line on cursor over 6.27 on Scale D. 
(ii) Read off 393 under hair line on Scale A. 

" Answer to 3 significant figures = 0.00393 

Square Roots 

Numbers on Scale D are the square roots of the numbers opposite 
them on Scale A. Use the left-hand half of Scale A if the number of 
figures to the left of the decimal point is odd, and the right-hand half if 
it is even. When the number is less than unity, use the left-hand half 
of Scale A if the number of Os to the right of the decimal point is odd, 
and the right-hand half if it is even. 

Examplee 

(1) V0.00548 

Approximation for the decimal point 0.07. 

(i) Set hair line on cursor over 5-48 on right-hand half of Scale A. 
(ii) Read off 74 under hair line on Scale D. 

Answer to 3 significant figures 0-074 

(2) V39500 

Approximation for the decimal point 200. 

(i) Set hair line on cursor over 395 on left-hand half of Scale A. 
(ii) Read off 199 under hair line on Scale D. 

Answer to 3 significant figures 199 
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Cubes 
A cube is obtained on Scale A from the number on Scale D in the 

following manr er: 

Example 

RADIO AND TELEVISION REFERENCE BOOK 

2-561 

(i) Move Scale C until 1 (or 10 if number > 316 . . . is opposite 
2-56 on Séale D. 

(ii) Set hair line on cursor over 2-56 on Scale B. 
(iii) Read off answer on Scale A. 

Answer 16-8 

Cube Roots 
The process is the reverse of cubing. The root is obtained on Scale D 

from the number of Scale A. 

Example 

(i) Set hair line on cursor over 87 on Scale A, 
(ii) Move Scale C until 1 (or 10 if number > 464 . . .) is opposite 

the same number on D as appears under cursor on B. 
(iii) Read off answer on Scale D. 

Answer 4-43 

Sines 
Use Scale S on back of slide for the angle, and read the sine on Scale B, 

and vice versa. Note that for angles from approximately 0 to 51r° the 
figures for the sine must be prefixed by 0-0, and for angles above about 
5i° by 1. 

Exam pie 
sin 18° 30' 

(i) Withdraw elide to right and set 18° 30' on Scale S below the datum 
mark on the body of the scale. 

(ii) Reverse rule and read off 3-17 on Scale B below 10 on Scale A at 
right-hand end. 

Answer Ô-317 

Cosines 
The cosine of an angle is equal to the sine of the complementary 

angle O. Use the procedure for the sine and find sin (90° — 0). 

Example 
co. 62,-

(1) cos 62° = sin(00° — 62°) = sin 28°. 
(ii) Withdraw slide to the right and set 28 on Scale S below the 

datum mark on the body of the rule. 
(iii) Reverse rule and read off 4-7 on Scale B below 10 on Scale A 

at right-hand end. 
Answer 0-47 
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Tangents 
Use Scale T on back of slide for the angle, and read the tangent on 

Scale C above 1 on Scale D, and vice versa. Note that for angles 
between approximately 4° and 5i° the figures for the tangent must be 
prefixed by 0.0, and for angles between 5it° and 45° by 0. For angles 
between 45° and 90° the tangent varies between 1 and infinity. When 
the angle exceeds 45°, subtract the angle from 90° and read the tangent 
on Scaie D below 10 on Scale C. 

Example 
tan 63° 35' 

(i) Since the angle is greater than 45°, use the complementary angle. 
90° — 63° 35' =-- 26° 25'. 

(ii) Withdraw slide to left and set 26° 25' above datum mark ori 
body of rule. 

(iii) Reverse the rule and read off 2.02 on Scale D below 10 at right-
hand end of Scale C. 

Answer 2.02 

Cotangents 

The contangent of an angle 8 is equal to the tangent of its comple-
mentary angle. When the angle is less than 45', find tan 8 and read 
the tangent on Scale D below 10 on Scale C. When the angle is greater 
than 45°, find tan (90° — 0) and read the tangent on Scale C above 1 on 
Scale D. 

Example 
cot 21° 50 

(i) Withdraw slide to left and set 21° 50' above datum mark on body 
on rule. 

(ii) Reverse rule and read off 2-5 on Scale D below 1 on Scale C. 

Answer 2.5 

Common Logarithms 

Use Scale D for the number and Seale L on the back of the slide for 
the mantissr of the corresponding logarithm, and vice versa. The 
index of the logarithm is determined in the manner previously described 
for logarithms. 

Examples 

(1) log10 74-6 

(i) Since-the number lies between 10 and 100, the index will be 1. 
(ii) Set 1 on Scale C opposite 7.46 on Scale D. 
(iii) Reverse rule and read off 8.73 on Scale L above datum mark on 

body of rule. 
Answer  1.873 
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(2) logo 0.0282 

(i) Since the number lies between 0.01 and 0-1, the index will be 2. 
(ii) Set 1 on Seale C opposite 3.82 on Seale D. 
(iii) Reverse rule and read off 5.82 on Scale C above datum mark on 

body of rule. 
Answer 2-582 

Complex Quantities 
Complex quantities are readily resolved with the aid of the j operator, 

Just as the symbol — prefixed to a quantity representing a vector 
denotes that the vector is displaced by an angle of 180°, so the symbol 
V — 1, represented by the prefix j, denotes displacement through 90°. 
It follows that 

j V — 1 
— 1 

— jxj= — = + 1 
-1 

jxjxj=1-j3=-1,/-1 
jxjxjxj= +it= +1 

rotation through 90° 
rotation through 180° 
rotation through 0° 
rotation through 180° 
rotation through 270° 
rotation through 360° 

A vector displaced by an angle intermediate between 0° and 90° 
can be regarded as the resultant of two component vectors a and b 
at 90° with respect to each other, and is designated by the complex 
quantity a + jb, of which a is termed the real part and jb the imaginary 
part. For example, the vector representing the impedance 2 of a 
resistance R and reactance X in series is the resultant of two vectors R 
and jX, and forms the hypotenuse of a right-angled triangle, of which 
R and jX are the two sides (see Fig. 136). Hence 

Z = R jX 

121 = V.R2 + X' 

= arc tan (XIR) 

Complex expressions must be added vectorially by treating the real 
and imaginary components separately. Addition, subtraction, multi-
plication and division are performed according to the ordinary rules of 
algebra. The scalar value of the resultant can theu be calculated by, 
taking the square root of the sum of the squares of the real and imaginary 
quantities. 

where the phase angle 

ADDITION 
Z, + z, = (R1 + jX1) + (Rs ± jX2) = (R1 + R2) i(Xi + X2) 

SUBTRACTION 
Z1 — z, = (R, + jx,) — (R2 + jx2) = (RI — R2) + j(X2 — X2) 

MULTIPLICATION 

ZiZ2 = (R1 + jX1)(R2 + iX2) = 

DIVISION 

Zi/Z2 = (R1 + ./X1)/(R2 +./X2) 

(R,R, — X,X2) + j(X1R2 R1X2) 

= (Rif?, 1- X IX2)/(R22 - ,X22) 
j(X,R, — R,2(2)1(R22+X22) 
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Conjugate Numbers 

To split a complex expression, such as 1/(R jX), into real and 
imaginary components, multiply numerator and denominator by the 
conjugate of R jX, i.e., R — jX. 

Then since (R jX)(R — jX) R2 + X2 

11(R -I- jX) = RAW X2), — jX/(W X2) 

In dealing with parallel circuits involving complex quantities, it is 
easier to proceed as follows. The admittance of impedances in parallel 
is the algebraic sum of the separate admittances, Y = 1/Z, 1/Z2 .. 

(I) Find the separate conductances G =- BIZ: and susceptances 
B = XIV of each path. 

(2) Find the combined admittance Y =- (01 +..7131). -1- (Gs +./B2) +... 
(3) Take the reciprocal of the combined admittance to find the 

effective impedance. 

Example 

What is the effective impedance and phase angle of two impedances 
3 -I- j4 and 2 — ji connected in parallel ? 

BRANCH A BRANCH B 
(impedance)' • .21 = 3' -f- 4' = 25 Z' = 21 — 1' = 3 
conductance • 01 = 3/25 = 0..12 G, = 2/3 = 0-67 
suscoptance B, -= 4/25 --= 0.16 B, = 1/3 = 0.33 

Combined admittance of branches A and B 

Y = (G1 + Ges) .i(Bi -F 132) 
= 0-79 — j017 

Effective impedance of branches A and B 

1  
0.79 — j017 

0•79 -F j0-17 
= (0.79 — /0.17)(0-79 + 10.1) 

0.79 -I- j0-17 
— 0.62 0-029 —  `` + 10•26 
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LOGARITHMS 

I4 5 6 7 8 0 1 2 3 4 5 6 7 8 9 

10 0000 43 0086 128 0170 0212 0253 0294 33 0374 4 8 12 17 21 25 29 33 37 
11 0414 453 0492 531 0569 607 645 0682 71 075 4 8 11 15 19 23 26 30 34 
12 792 082 0864 0899 0934 969 1004 1038 1072 110 3 7 10 14 17 21 24 28 31 
13 1139 1173 1206 1239 1271 1303 1335 1367 1399 143 3 6 10 13 16 19 23 26 29 
14 1461 1492 1523 1553 1584 1614 1644 1673 1703 173 3 6 9 12 15 18 21 24 27 

15 1761 179 1818 1847 1875 1903 1931 1950 198 2014 3 6 8 11 14 17 20 22 25 
18 041 2068 2095 2122 2148 175 201 2227 25 227 3 5 8 11 13 16. 18 21 24 
17 304 2330 2355 380 2405 430 2455 2480 2504 252 2 5 7 10 12 15 17 20 22 
18 2553 2577 2601 2625 2848 2672 2695 2718 274 276 2 5 7 9 12 14 13 10 21 
19 2788 281 2833 856 2878 2900 923 2945 296 298 2 4 7 9 11 13 16 18 20 

20 3010 3032 3054 3075 306 3118 1139 3160 3181 3201 2 4 6 811 13 15 17 19 
21 3222 3243 3263 3284 331,4 324 3345 3365 338 340 2 4 6 8 10 12 14 16 18 
22 424 3444 3464 3483 3502 3522 3541 3560 357 359 2 4 6 810 12 14 15 17 
23 617 363 3655 3674 3692 3711 3720 3747 376 3784 2 4 6 7 9 11 13 15 17 
24 802 82 3838 856 3874 3892 909 3927 94 396 2 4 5 7 9 11 12 14 16 

25 979 997 4014 4031 4048 065 4082 4090 111 413 2 3 5 7 9 10 12 14 11; 
26 4150 4166 4183 4200 4216 4232 4249 4265 281 429 2 3 5 7 8 10 11 13 15 
27 4314 433 4346 4362 4378 4393 4409 4425 44 445 2 3 5 6 8 9 11 13 14 
28 472 4487 4502 4518 4533 548 564 4579 594 460 2 3 5 6 8 9 11 12 14 
29 4624 463 4654 4669 4683 4698 713 4728 74 4757 1 3 4 8 7 9 10 12 13 

30 4771 4786 48004814 4829 4843 857 4871 188 490 1 3 4 6 7 9 10 11 13 
31 4914 4928 4942 955 4969 4983 4997 5011 5024 503 1 3 4 6 7 8 10 11 12 
32 51 5065 5079 5092 5105 5119 132 5145 151 517 1 3 4 5 7 8 911 12 
33 5185 519 5211 224 237 5250 263 5276 28 530 1 3 ; 5 6 8 A 10 12 
34 5315 532 5840 5353 366 5378 5391 5403 41 54 1 3 4 5 6 8 0 10 11 

35 441 545 5465 478 490 5502 5514 5527 553 5551 1 2 4 5 6 7 9 10 11 
36 5563557 5587 599 611 5623 5635 5647 565 587 1 2 4 5 6 7 8 10 11 
37 5682 604 5705 717 729 5740 5752 5763 577 578 1 2 3 5 6 7 8 9 10 

38 798 809 5821 832 843 5855 5866 5877 588 589 1 2 3 5 6 7 8 9 10 
39 5911 922 5933 n9445955 5966 5977 5988 599 801 1 2 3 4 5 7 8 9 10 

40 021 031 6042 053 6064 6075 085 6096 6107 6117 1 2 3 4 6 6 8 910 

41 128 138 6149 160 6170 6180 191 6201 621 622 1 2 3 4 5 6 7 8 9 
42 6232 243 6253 263 6274 284 6294 6304 6314 632 1 2 3 4 5 8 7 8 9 

43 6335 '34'13355 365 6375 385 395 8405 641 6425 1 2 3 4 6 6 7 8 9 

44 6435 444 6454 6464 6474 6484 6493 6503 651 652 1 2 3 4 6 6 7 8 9 

45 6532 654° 6551 6561 6571 6580 590 6599 660 661, 1 2 3 4 5 6 7 8 9 
46 6628 6637 6646 6656 6665 6675 1684 6693 670 6712 1 2 3 4 5 6 7 7 8 

47 721 673( 6739 1143 6758 6767 6776 6785 6794 6803 1 2 3 4 5 5 6 7 8 

48 812 6821 6830 633 1848 6857 6866 6875 6884 6893 1 2 3 4 4 5 6 7 8 

49 6902 6911 6921 692, 1937 6 ' 16 6355 6964 697 6981 1 2 3 4 4 5 13 7 6 

50 990 6998 7007 7016 7024 7033 7042 7050 705 7067 I 2 3 3 4 5 13 7 8 

51 7076 70,4 7093 7101 7110 7118 7126 7135 714 7152 1 2 3 3 4 5 6 7 8 

52 7160 7168 7177 7185 7193 7202 7210 7218 722 7235 1 2 2 3 4 5 G 7 7 

53 7243 7251 7239 7267 7275 7284 7292 7300 730 731c 1 2 2 3 4 5 6 6 7 

54 i 324 7332 7340 7348 7356 7364 7372 7380 738 739f 1 2 2 3 4 5 6 6 7 

—. 

Hyperbolic Lognri hms = Common Inerillims X 2.30258. 
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LOGARITHMS 

2 3 4 516 71Ñ1û 1 2 3 4 5 6 7 8 9 

I —139 

55 7404 741 741 742e 743 744 7451 7459 7468 747 1 2 2 3 4 5 5 6 7 
56 748 749 7497 750 751 762 752 7536 7543 755 1 2 2 3 4 5 5 6 7 
57 755 756 7574 758 758 7597 7604 7612 7619 62 1 2 2 3 4 5 5 6 7 
58 '63 7642 764 785 7664 767 767f 7688 7694 770 1 1 2 3 4 4 5 6 7 
59 770 771 772 7731 773 774 775 7760j7767 777• 1 1 2 •3 4 4 5 6 7 

60 7782 778 779 780 781i 781 782 7832j7839 784 1 1 2 3 4 4 5 6 6 
6/ 7853 78 786.787 788 788 789 7903 7910 791 1 1 2 3 4 4 5 6 6 

- 32 702 7931 7938 7945 795 795 7 7973 7980 79 1 1 2 3 3 4 5 6 6 
63 7993 80 800' 8014 8021 802 803 8041 048 805 1 1 2 3 3 4 5 5 6 
64 806 806 807' 808 808 809 81028100j811681 1 1 2 3 3 4 5 5 6 

65 812 813 814 814 815 816 818 189 1 1 2 3 3 4 5 5 8. 
88 8195 820 820 821 822 822 823r 254 1 1 2 3 3 4 5 5 8 
87 8261 826 8274 828 828 829 829 319 1 1 2 3 3 4 5 5 6 
68 8325 8331 8338 834 835 835 836 382 1 1 2 3 3 4 4 5 6 
69 838 839 8401 840/ 841 842 842 8432 430 445 1 1 2 2 3 4 4 5 8 

70 8451 845 8463 847 847 848 848 8494 500 506 1 1 2 2 3 4 4 5 8 
71 8513 851 85 8531 853 854 854'8555 561 567 1 1 2 2 3 4 4 5 5 
72 8573 857 858 8591 8597 860 860 8615 621 627 1 1 2 2 8 4 4 5 5 
73 8633 863 884 8851 8657866 886 8675 868 686 1 1 2 2 3 4 4 5 5 
74 869 869 8704 871 871 872 8727 8733 8739 8745 1 1 2 2 3 4 4 5 5 

75 
76 880 
77 886 
78 8921 
79 897 

8751 875 8782 8768 8774 
882 882 8831 

8871 8876 888 8887 889 
8927 8932 893 894 894f 
898 8987 8993 899 9004 

8814 

80 9031 9038 9042 9047 905 

81 9085 909( 9096 9101 910 
82 913 914 9149915 915 
83 9191 91 9201 920 921 
84 924 924 925 925 926 

85 9294 929 9304 930 931 932 9325 9330 535 340 1 1 2 2 3 3 4 4 5 
88 934 935 935 938 936 937 937 9380 9385 390 1 1 2 2 3 3 4 4 5 
87 39 94 940 941 941 942 942 9430 9435 440 0 1 1 2 2 3 3 4 4 
88 944 945 945 946 946 946 9474 9479 484 9489 0 1 1 2 2 3 3 4 4 

89 9494 949• 9504 050 951 951 952' 9528 533 9538 0 1 1 2 2 3 3 4 4 

90 954 9547 9552 955 956 956 9576 581 9586 0 1 1 2 2 3 3 4 4 

91 959 9595 960 960 960 9614 9824 628 9633 0 1 1 2 2 3 3 4 4 
92 983 9643 9847 965 985 9861 9671 875 680 0 1 1 2 2 3 3 4 4 
93 968 9689 9694 969 970 970 9717 722 72 0 1 1 2 2 3 3 4 4 
94 731 9236 9741 974 975 9754 9763 768 773 0 1 1 2 2 3 3 4 4 

87708 
8837E934 

889 
8954 
9009 

176I8182 
8241 248 
8306 8312 
8370 376 

95 
96 
97 
98 
99 

9777 978 
982 9827 
986 987 
012J9917 

0056I9961 

9786 9791 979 
9832 983 9841 
9877 9881 988 
9921 992 993 
9965 996 9974 

905 906 
9117 

916' 917 
9217 922 
928 9274 

9112 

78 8791 797880 1 1 2 2 3 3 4 5 5 
8848 854 8859 1 1 2 2 3 3 4 5 5 
8904 910 8915 1 1 2 2 3 3 4 4 5 
8960 985 971 1 1 2 2 3 3 4 4 5 
9015 9020 025 1 1 2 2 3 3 4 4 5 

9069 074 9079 1 1 2 2 3 3 4 4 5 
9122 9128 9133 1 1 2 2 3 3 4 4 5 
9175 180 9186 1 1 2 2 3 3 4 4 5 
9227 232 9238 1 1 2 2 3 3 4 4 5 
9279 9284 9289 1 1 2 2 3 3 4 4 5 

9571 
9619 
966 
971 
975 

980l980l 
9845 985 
989 9894 
9934 993 
9978 998 

9809l9814 381 0 1 1 2 2 3 3 4 4 
9854 59 9863 0 1 1 2 2 3 3 4 4 
9899 903 990 0 1 1 2 2 3 3 4 4 
994319948 995 0 1 1 2 2 3 3 4 4 
p98719991 9996 0 1 1 2 2 3 3 3 4 

Common Logarithms •• Hyperbolic Logarithms x 
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ANTILOGARITHMS 

0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 9 

.00 1000 1002 1005 1007 1009 1012 1014 101 
1010 1021 0 0 1 1 1 1 2 

2 
2 2 
2 2 

.01 1023 1026 1028 1030 1033 1035 1038 104 
1042 104; 0 0 1 1 1 1 

2 2 2 
.02 1047 1050 1052 1054 1057 1059 1062 106 1067 106 0 0 1 1 1 1 

2 2 2 
-03 1972 1074 1076 1079 1081 1084 1086 108 1091 1094 0 0 1 1 1 1 

2 2 2 
-04 1095 1099 1102 1104 1107 1109 1112 1114 1117 Ill 

0 1 1 1 1 2 

•05. 1122 1125 1127 1130 132 1135 113> 114( 1143 114 0 1 1 1 1 2 2 2 2 
2 2 

-06 1148 1151 1153 1158 159 1181 1164 1167 1169 117 0 1 1 1 1 2 2 
2 2 

-07 1175 1178 1180 1183 186 1189 1191 1194 1197 119 0 1 1 1 1 2 2 
2 2 3 

-08 1202 1205 1208 1211 213 1116 1219 122' 1225 1227 0 1 1 1 1 2 
2 2 3 

.09 1230 1233 1236 1239 242 1245 1247 125 1253 1 , 0 1 1 1 1 2 

-10 1259 1282 1265 1268 1271 1274 1276 127. 1282 
128- 0 1 1 1 1 2 2 

2. 
2 3 
2 3 

-11 1288 1291 1294 1297 1300 1303 1306 30 1312 131 0 1 1 1 2 2 
2 2 3 

-12 1318 1321 1324 1327 1330 1334 1337 134 1343 134 0 1 1 1 2 2 
2 3 3 

-13 1349 1352 1355 1358 1361 1365 1368 1371 1374 137 
0 1 1 1 2 2 

2 3 3 
-14 138 1384 1387 1390 1393 1398 1400 140 140614 0 1 1 1 2 2 

-15 1413 1418 1419 1422 1426 1429 1432 143 
1439144' 0 1 1 1 2 2 2 

2 
3 3 
3 3 

-18 1445 1449 1452 1455 1459 1462 1468 146 
1472 147 0 1 1 1 2 2 

2 3 3 
-17 1479 1483 1486 1489 1493 1498 1500 150 1507 15e. 0 1 1 1 2 2 

2 3 3 
.18 1514 1517 1521 1524 1528 1531 1535 153 

1542 154 0 1 1 1 2 2 
3 3 3 

•19 154. 1552 1556 1560 1563 1567 1670 157 
1578 1581 0 1 1 1 2 2 

•20 1585 1589 1592 1506 1600 1803 1607 1611 
1614 161 0' 1 1 1 2 2 3 

3 
3 3 
S 8 

:21 1822 1626 1629 1633 1637 1641 1644 164 1652 165 0 1 1 2 2 2 
3 3 3 

•22 16 1683 1667 1671 675 1679 1683 168 1600 169 0 1 1 2 2 2 
3 3 4 

-23 169 1702 1706 1710 714 1718 1722 7 1730 1734 0 1 1 2 2 2 
3 3 4 

•24 173 1742 1746 1750 1754 1758 1762 76 1770 1774 0 1 1 2 2 2 

-25 177 1782 1786 1791 1795 1799 1803 1807 1811 181 
0 1 1 2 2 2 3 

3 
3 4 
3 4 

-26 182 1824 1828 1832 1837 1841 1845 184 1854 185 0 1 1 2 2 3 
3 3 4 

-27 186 1866 1871 1875 1879 1884 1888 189- 1897 901 0 1 1 2 2 3 
3 4 4 

.28 1905 1910 1914 1919 1923 1928 1932 193 1941 194 0 1 1 2 2 3 
3 4 4 

-29 195 1954 1959 1963 1968 1972 1977 198 1986 1991 0 1 1 2 2 3 

-30 1995 2000 2004 2009 2014 108 2023 02 2032 203e 0 1 1 2 2 3 3 
3 

4 4 
4 4 

-31 204 2046 1051 2056 2061 065 2070 075 2080 2084 0 1 1 2 2 3 
3 3 4 4 

.32 208 201.4 2090 2104 2109 113 2118 12 2128 213 0 1 1 2 2 
3 3 4 4 

.33 213 2143 2148 2153 2158 163 2168 17 2178 218 0 1 1 2 2 
3 4 4 1 

-34 21 2193 2198 2203 2208 213 2218 2223 2228 2234 1 1 2 2 3 

-35 223 2244 2249 2254 2259 2265 2270 2275 2280 
228 1 1 2 2 3 3 

3 
4 
4 

4 1 
4 1 

-36 2291 2296 2301 2307 2312 317 2323 232 2333 233 1 1 2 2 3 
3 4 4 1 

-37 234 2350 2355 2360 366 371 2377 38 2388 239 1 1 2 2 3 
3 4 4 1 

•38 
-39 

239 
2455 

2404 
2460 

2410 
2466 

2415 
2472 

421 
477 

242i 
483 

2432 
2489 

243 
495 

2443 
2500 

• 44 
50 

1 
1 

1 
1 

2 
2 

2 3 
2 3 3 4 5 1 

-40 251 2518 2523 2529" 535 541 2547 553 2559 256 1 1 2 2 3 4 
4 

4 
4 

5 1 
5 J 

-41 257 2576 25822588 594 2600 28 61 2618 262 1 1 2 2 3 

4 4 5 -42 
-43 

263 
269 

2636 
2698 

2642 
2704 

2649 
2710 

2655 
• 716 

881 
723 

2667 
2729 

67 
273 

2679 
2742 

268 
274 

1 
1 

1 
1 

2 
2 

2 3 
3 3 4 

4 
4 
4 

6 à 
.44 2754 2761 2767 2773 2780 786 2793 79 2805 281 1 1 2 3 3 

.45 
-46 

281. 
2884 

2825 
2891 

2831 
2897 

2838 
2994 

2844 
911 

2851 
917 

2858 
2924 

884 
2931 

2871 
2938 

2877 
294 

1 
1 

1 
). 

2 
2 

3 3 4 
3 3 II 

3 4 

5 5 
5 

5 
5 
5 

-47 
-48 
.1AI 

2951 
302( 
am( 

2958 
3027 
30q7 

2965 

3034 
3105 

2972 

3041 
3112 

979 
' 048 
:il 19 

085/2992 
055 
3126 

3062:06 ) 

3133 

299 

3141 

3906 
3076 

3148 

301 
308 
15. 

1 
1 
'l 

1 
1 
1 

2 
2 
2 

3 
3 4 4 
3 4 4 

6 
5 

6 
6 

5 
5 

8 

6 
6 
6 



MATHEMATICAL TABLES 

ANTILOGARITHMS 
1-141 

O 

-50 
.51 
52 
-53 
-54 

-55 
-56 
-57 
58 
59 

-GO 
-61 
-62 
03 
•64 

-65 
66 
•67 
.68 
.69 

-70 
-71 
.72 
.73 

-75 
.76 
-77 
-78 
.79 

-80 
-81 
.82 
433 
84 

85 
-86 
137 
-88 
-89 

-90 
-91 
.92 
-93 
04 

16 
323 
3311 
338 
467 

1 2 

3170 
3243 
3319 
3396 
3475 

54 - 3556 
3631 j3039 
715 3724 

380213811 
89 3899 

39'1l3990 
4074J4083 
416 4178 
4266J4276 
436 4375 

4467 4477 
4571 
4677 
478 
489 

501 
512 
24 
37 

549 

562 
5754 
588 
02 

616 

5023 
5140 
5260 
5383 
5508 

5636 
57633 
5902 
6039 
6180 

631 6324 
8457 6471 
607I6622 
761 6776 
91 6934 

07 
244 
41 
58 
76 

7096 
7281 
7430 
7603 
7780 

794 7962 
8147 

31 8337 
511 8531 

8730 

12 

71 

3 4 5 6 7 8 9 

3184 192 3251  199 3206 3214 3221 322 
3258 266 ' 273 281 3289 329513304 

32 3334 342 350 357 365 • 37 3381 
3404 3412 3420 3428 436 3443 3451J3450 
48 3491 499 508 3516 3524 5343540 

317 

56 
64 

373 
81 
90 

'357313581 
3656J3664 
3741 750 
3828 3837 
3917 3926 

589 1597 
673 3681 

3758 3757 
846 3855 
936 3945 

36061361 
3690 369 
776 378 
884 387 
954 396 

:399914049 4018 4027 4036 1046 105 

4093j4102 4111 4121 413014140 415 
418 4198 4207J4217 4227J4236 124 
4285J4205 4305 315 325 4335 434 
138 4395 1406 416 42614436 444 

4487 
4581 592 
4688 69 
4797 
4909 

3622 
3707 
37 
388 
397' 

4064 
4159 
425 
435 
4457 

4498 1508 4510 1529 1539 155 456 
4603 4613 1624 634 4645 165 4667 
4710 4721 4732 742 4753 764 4775 
4819 1831 842 853 1864 4875J4$87 

92914032 4943 1955 1966 4977 498915iod 

5035 5047 058 070 5082 5093 5105 5117 
3152 5164 176 5188 5200 5212 22 5236 
527 5284 297 5300 5321 5333 534 535 
539 5408 5420 5433 5445 5458 547 5483 
521 5534 546 5559 572 5585 559 561 

649 5662 " 675 5689 5702 5715 572 5741 
5781 5704 5808 5821 58:34 ' 848 5861 5875 

91 5929 " 943 5957 5970 5984 ' 99 601' 
605 6067 081 6(8)5 11 0:1 6124 13 615* 
194 6209 223 6237 6252 6266 28 6295 

33 
486 
637 
79 
95 

'6353163681638311397 
6501 los16 8531 6546 
6853 668 6683 699 
6808 823 39 855 
6966 982 998 7015 

41216427I6442 
561 1957716592 
'714J673tl6745 
87168846902 
031 704 7063 

11 7129 145 7161 7178 7194 7211 7228 
27 7295 311 7328 7345 7382 737 7396 
744 7464 7482 7499 7516J7534J7551J756 
7621 7638 656 7674 7691J7700 772 7745 
770 7816 834 7852 787017889 790, 7925 

708 

551 
75 

7998 017 35 054 72 091 8110 
8185 204 222 241 260 27 8299 

8375 J&395 19414l8433 19453J84731849 
8570 590 10 630 650 67 86 
8170S79019 1018831188511887488021 

-95 1891318983 95 8974 995 
-96 912 9141 16 9183 204 

97 1933319354 ' 3761939719419 
68 955 9572 594 9616 J9638 
(39 77 9795 817 9840 863 

16 034 
226 19247 

44119462 
681 9683 
886 9908 

268 
484 
705 
931 

057J9078 
29 
50 
727 
95 

9099 
9311 
952 
9750 
9977 

1 2 3 4 5 6 • 7 8 

1 1 2 
1 2 2 
1 2 2 
1 2 2 
/ 2 2 

3 4 4 
3 4 5 
3 4 5 
3 4 5 
3 4 5 

1 2 2 3 4 5 
1 2 3 3 4 5 
1 2 3 3 4 5 
1 2 3 4 4 5 
1 2 3 4 5 5 

1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 3 4 5 6 

1 2 3 4 5 6 
1 2 3 4 5 6 
1 2 8 4 5 7 
1 2 3 4 6 7 
1 2 3 5 8 7 

1 2 4 5 8 7 
1 2 4 5 6 7 
1 2 4 5 6 7 
1 3 4 5 6 
1 3 4 6 6 8 

1 3 4 5 
1 3 4 5 
1 3 4 5 
1 3 4 6 
1 3 4 6 

1 3 4 8 
2 3 5 6 
2 3 5 6 
2 3 5 6 
2 3 5 6 

2 3 5 7 
2 3 6 7 
2 4 5 7 
2 4 5 7 
2 4 5 7 

2 4 6 7 
2 4 6 8 
2 4 6 81 
2 4 6 81 
2 4 6 81 

2 4 6 81 
2 4 6 811 
2 4 7 911 
2 4 7 911 
2 5 7 911 

7 
7 
7 
7 

5 6 7 
507 
5 6 7 
6 6 7 
6 6 7 

6 7 7 
6 7 8 
6 7 8 
6 7 8 
6 7 8 

6 7 8 
7 8 9 
7 8 9 
7 8 9 
7 8 9 

7 8 9 
7 9 10 
8 9 10 
8 9 10 
8 9 10 

8 9 il 
8 10 11 
9 10 11 
9 10 11 
9 10 12 

8 9 10 12 
8 9 11 12 
8 10 11 12 
8 10 11 13 

10 11 13 

o 

9 
10 

10 
10 
10 
11 
11 

11 
11 
12 
12 
12 

12 
13 
13 
13 
14 

10 12 13 
11 12 1 t 
11 12 14 
11 13 14 
11 13 15 

12 13 15 
12 13 15 
12 14 16 
12 14 10 
13 14 18 

13 15 17 
13 15 17 
14 15 17 
14 16 18 
14 16 18 



I-142 RADIO AND TELEVISION REFERENCE BOOK 

TABLE OF ORDINARY LOGARITHMS OF NUMBERS TO THE BASE 10 

From 1 to 100 with Characteristics 

No. Log. No. Log. No. Log. No. Log. No. Log 

1 0.000 000 21 1.322 219 41 1.612 784 81 1/85 330 81 1.908 485 
2 0.301 030 22 1-342 423 42 1-823 249 62 1192 392 82 1.913 814 
3 0.477 121 23 1.361 728 43 1.833 468 83 1199 341 83 1.919 078 
4 0.602 060 24 1.380 211 44 1.643 453 64 1.806 180 84 1.924 279 
5 0-698 970 25 1.397 940 45 1.653 213 65 1.812 913 85 1.929 419 

6 0.778 151 26 1.414 973 46 1.662 758 66 1-819 544 86 1-934 498 
7 0.845 098 27 1.431 364 47 1.672 098 87 1.826 075 87 1.939 519 
8 0.903 090 28 1.447 158 48 1.681 241 68 1.832 509 88 1.944 483 
9 0.954 243 29 1.462 308 49 1.690 196 89 1.838 849 89 1.949 390 
10 1.000 000 30 1.477 121 50 1.698 970 70 1.845 098 90 1.954 243 

-- - -   - 
11 1.041 393 31 1.491 362 51 --1.-787 570 71 1851 258 91 1950 

041 

12 1.079 181 32 1.505 150 52 1116 003 72 1.857 332 92 1.963 788 
13 1.113 943 33 1.518 514 53 1.724 276 73 1.863 323 93 1.968 483 
14 1.148 128 34 1.531 479 54 1-732 394 74 1.869 232 94 1.973 128 
15 1.176 091 35 1.544 088 55 1.740 363 75 1.875 061 95 1.977 724 

16 1.204 120 36 1.556 303 56 1.748 188 76 1.880 814 96 1.982 271 
17 1.230 449 37 1-568 202 57 1155 875 77 1.886 491 97 1.986 772 
18 1.255 273 38 1.579 784 58 F783 428 78 1.892 095 98 1.991 228 
19 1.278 754 39 1.591 065 59 1170 852 79 1.897 827 99 1-905 035 
20 1.301 030 40 1.602 660 60 1.778 151 80 1963099 100 2.000 000 

No. 

TABLE OF HYPERBOLIC LOGARITHMS OF NUMBERS 
From 1 to 100 

Log. 

1 0-000 000 
2 0.693 147 18 
3 1.098 812 29 
4 1.388 294 36 
5 1.609 437 91 

6 
7 
8 
9 
10 

1191 759 47 
1.945 910 15 
2.079 441 64 
2.197 224 58 
2.302 585 09 

No. 

21 
22 
23 
24 
26 

28 
27 
28 
29 
30 

11 2.397 895 27 
12 2.484 906 65 
13 2.564 949 36 
14 2.639 057 33 
15 2.708 050 20 

16 2172 588 72 
17 2.833 213 34 
18 2.890 371 76 
19 2.944 438 98 
20 2.995 732 27 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

Log. 

3-044 522 44 
3.091 042 45 
3.135 494 22 
3.178 053 83 
3.218 876 82 

3.258 096 54 
3.295 838 87 
3.332 204 51 
3.387 295 63 
3-401 197 38 

3.433 987 20 
3.465 735 90 
3-496 507 56 
3.526 360 52 
3.555 348 06 

3.583 518 94 
3.810 017 91 
3.837 586 16 
3.663 561 65 
3.688 879 45 

No. 

41 
42 
43 
44 
45 

48 
47 
48 
49 
50 

51 
52 
53 
54 
55 

56 
57 
5,4 
59 
so 

Log. 

3113 572 07 
3.737 669 62 
3.781 200 12 
3184 189 83 
3.806 682 49 

3-828 841 40 
3-850 147 60 
3.871 201 01 
31391 820 30 
3.912 023 01 

3.931 826 63 
3-951 243 72 
3-970 291 91 
3.988 984 05 
4.007 333 19 

4-025 351 89 
4.043 051 27 
4.060 443 01 
4.077 537 44 
4-094 344 56 

No. 

61 
82 
83 
84 
85 

Log. 

4.110 873 86 
4.127 134 39 
4.143 134 73 
'4.158 883 08 
4.174 387 27 

No. 

81 
82 
83 
84 
85 

No. 

4.394 449 15 
4.406 719 25 
4.418 840 61 
4.430 818 80 
4.442 651 26 

66 
67 
68 
89 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 
80 

4-189 654 74 
4.204 892 82 
4.219 507 71 
4.234 410 66 
4248 495 24 

4.262 679 88 
4.276 666 12 
4-290 459 44 
4.304 065 09 
4.317 488 11 

4.330 733 34 
4-343 805 42 
4-356 708 '1;8 
4.369 447 85 
4.382 020 03 

86 
87 
88 
89 
90 

91 
92 
93 
94 
05 

96 
97 
98 
OD 
100 

4.454 347 30 
4.465 908 12 
4.477 3313 81 
4.488 038 37 
4.499 809 67 

4.510 859 51 
4.521 788 58 
4.532 599 49 
4.543 294 78 
4.553 876 89 

4.564 348 19 
4.574 710 98 
4.584 067 48 
4.595 119 85 
4.805 170 19 



MATHEMATICAL TABLES 1-143 

TABLES OF NATURAL SINES, COSINES, TANGENTS, AND COTANGENTS 
FROM 0' TO 90'. READ THE TABLE DOWNWARDS FOR SINES AND UPWARDS 
FOR COSINES. 

NATURAL SINES 

' 0° 1° 2° 8° 4° 5° 6° 7' 8' 9° ' 
Ce 
5 

10 
15 
20 
25 
30 
35 
40 
•45 
50 
55 
60 

Cos. 

000 000 
1 454 
2 909 
4 363 
5 818 
7 272 
8 727 

010181 
1 635 
3 090 
4 544 
5 998 
7 462 

89° 

017 452 
8 907 

020 361 
1 815 
3 269 
4 723 
6 177 
7 631 
9 085 

030 539 
1 992 
3 446 
4 899 

88° 

034 899 
6 353 
7 806 
9 260 

040 713 
2 166 
3 619 
5 072 
6 525 
7 978 
9 431 

050 883 
2 336 

87° 

052 336 
3 788 
5 241 
6 693 
8 145 
9 597 

061 049 
2 500 
3 952 
5 403 
6 854 
8 306 
9 756 
-- 

86° 

U89 756 
071 207 
2 658 
4 108 
5 559 
7 009 
8 459 
9 909 

081 359 
2 808 
4 258 
5 707 

- 7 156 

85° 

087 156 
8 605 

090 053 
1 502 
2 950 
4 398 
5 846 
7 293 
8 741 

100 188 
1 635 
3 082 
4 528 

84° 

04 528 
6 975 
7 421 
8 867 

110 3/3 
1 758 
3 203 
4 648 
6 093 
7 537 
8 982 

120 426 
1 869 

121 869 
3 313 
4 756 
6 199 
7 642 
9 084 

130526 
1 068 
3 410 
4 851 
6 292 
7 733 
9 173 

139 173 
140 613 
2 053 
3 493 
4 932 
6 371 
7 809 
9 248 

150 686 
2 123 
3 561 
4 998 
6 434 

156 434 
7 871 
9 307 

160 743 
2 178 
3 613 
5 048 
8 482 
7 916 
9 350 

170 783 
2 216 
3 648 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

83° 82° 81° 80° 
Sin. to- 11' 12- 18- 14- 15" 16" 17° 18` 19° 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

Co, 

173 648 
5 080 
6 512 
7 944 
9 375 

180805 
2 236 
3 665 
5 095 
6 524 
7 953 
9 381 

190809 

79° 

190 809 
2 237 
3 664 
5 090 
6 517 
7 942 
9 368 

200 793 
2 218 
3 642 
5 065 
6 489 
7 912 

78° 

207 912 
9 334 

210 756 
2 178 
3 599 
5 019 
6 440 
7 859 
9 279 

220 697 
2 116 
3 534 
4 951 

77° 

224 951 
6 368 
7 784 
9 200 

230 616 
2 031 
3 445 
4 859 
6 273 
7 686 
9 098 

240 510 
1 922 

241 922 
3 333 
4 743 
6 153 
7 563 
8 972 

250 380 
1 788 
3 195 
4 602 
6 008 
7 414 
8 819 

258 819 
260 224 
1 628 
3 031 
4 434 
5 837 
7 238 
8 640 

270 040 
1 440 
2 840 
4 239 
5 637 

275 637 
7 035 
8 432 
9 829 

281 225 
2 620 
4 015 
5 410 
6 083 
8 196 
9 589 

290 981 
2 372 

292 372 
3 762 
5 152 
0 542 
7 930* 
9 318 

300 706 
2 093 
3 479 
4 864 
6 249 
7 633 
9 017 

309 017 
310 400 
1 782 
3 164 
4 645 
5 925 
7 305 
8 684 

320 062 
1 439 
2 816 
4 193 
5 568 

325 568 
6 943 
8 317 
9 691 

331 063 
2 435 
3 807 
5 178 
6547 
7 917 
9 285 

340 653 
2 020 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

76' 75° 74° 73° 72° 71° 70° 
aut. 30' 21' 22' 2a- 24- 25' 211° 27' 28° 29° 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

Cos, 

342 020 
3 387 
4 752 
6 117 
7 481 
8 845 

350 207 
1 569 
2 931 
4 291 
5 651 
7 010 
8 368 

69° 

358 368 
9 725 

361 082 
2 438 
3 793 
5 148 
6 501 
7 854 
9 206 

370 557 
1 908 
3 258 
4 607 

68° 

374 607 
5 955 
7 302 
8 649 
9 994 

381 339 
2 883 
4 027 
5 369 
6 711 
8 052 
9 392 

390 731 

67° 

390 731 
2 070 
3 407 
4 744 
6 080 
7 415 
8 749 

400 082 
1 415 
2 747 
4 078 
5 408 
8 737 

66° 

406 737 
8 085 
9.392 

410 719 
2 045 
3 389 
4 693 
6 016 
7 338 
8 660 
9 980 

121 300 
2 618 

422 618 
3 936 
5 253 
6 569 
7 884 
9 198 

430 511 
1 823 
3 135 
4 445 
5 755 
7 063 
8 371 

438 371 
9 678 

440 984 
2 289 
3 593 
4 896 
6 198 
7 499 
8 799 

450 098 
1 397 
2 694 
3 990 

453 990 
5 286 
6 580 
7 874 
9 160 

460 458 
1 749 
3 038 
4 327 
5 615 
6 901 
8 187 
9 472 

469 472 
470 755 
2 038 
3 320 
4 600 
6 880 
7 159 
8 436 
9 713 

480989 
2 263 
3 537 
4 810 

484 810 
6 081 
7 352 
8 621 
9 890 

491 157 
2 424 
3 889 
4 953 
6 217 
7 479 
8 740 

500 000 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

85° 64° 63° 62° 61° 60° 
Sin. 30" 31- 32' be 84' 1_35` be 87" 88' 89" 

0 
5 
10 
15 
20 
25 
30 
35 
Al) 
45 
50 
55 
60 

500 000 
1 259 
2 517 
3 774 
5 030 
6 285 
7 538 
8 791 

510 043 
1 293 
2 543 
3 791 
5 038 

515038 
6 284 
7 529 
8 773 

520016 
1 258 
2 499 
3 738 
4 977 
6 214 
7 450 
8 685 
9 919 

529 919 
531 152 
2 384 
3 615 
4 844 
8 072 
7 300 
8 256 
9 751 

540 974 
2 197 
3 419 
4 839 

544 639 
5 858 
7 076 
8 293 
9 509 

550 724 
1 937 
3 149 
4 360 
5 570 
6 779 571 
7 987 
9 193 

559 193 
560 398 
1 602 
2 805 
4 007 
5 207 
6 406 
7 604 
8 801 
9 997 
191 

2 384 
2 576 

573 576 
4 767 
5 957 
7 145 
8 332 
9 518 

580 703 
1 886 
3 069 
4 250 
5 429 
6 608 600 
7 785 

587 785 
8 961 

590 136 
1 310 
2 482 
3 653 
4 823 
5 991 
7 159 811 
8 325 
9 489 
653 
1 815 

601 815 
2 976 
4 136 
6 294 
8 451 620 
7 607 
8 761 
9 915 
067 
2 217 
3 367 
4 515 
5 661 

615 661 
6 807 
7 951 
9 094 
235 
1 376 
2 515 
3 652 
4 789 
6 923 
7 057 
8 129 
9 320 

629 320 
630 450 
1 578 
2 705 
3 831 
4 955 
6 078 
7 200 
8 320 
9 439 

640 557 
1 673 
2 788 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

I 59° 58° 57° 
----

56° 55° 54° 53° 52° 51° 50° 
ATURAT. COSINES 



I-144 RADIO AND TELEVISION REFERENCE BOOK 

NATURAL SINES 

• 40' 41" 42" 43" 
---- 

998 694 
3 061 
4 123 
5 183 
6 242 
7 299 
8 355 700 
9 409 
462 
1 513 
2 5133 
3 811 
4 658 
---

46° 

44" 
--- 

658 707 
5 704 
e 748 
7 790 710 
8 832 
9 871 
909 
1 946 
2 961 
4 015 
5 047 
6 078 
7 107 

45° 

45 
--- 

107 719 
8 134 720 
9 161 
185 
1 200 
2 230 
3 250 
4 269 
5 286 
6 302 
7 316 
8 329 730 
9 340 

46, 47" 46" 
--- ---- 

49° ' 
----- 

340 731 
349 
1 357 
2 364 
3 369 
4 372 
5 374 
6 375 
7 374 
8 371 740 
9 367 
361 
1 354 

354 "43 
2 345 
3 334 
4 323 
5 309 
6 203 
7 277 
8 259 
9 239 750 
218 
1 915 
2 171 
3 145 

145 754 
4 117 
6 088 
8 057 
7 025 
7 991 
8 956 760406 
9 919 
880 
1 840 
2 798 
3 755 
4 710 

710 
5 663 
6 615 
7 565 
8 514 
9 461 

1 350 
2 292 
3 232 
4 171 
5 109 
6044 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
0 

-- 
0 
5 
10 
] 5 
20 
25 
30 
35 
40 
45 
50 
55 
60 
-- 
:os. 

--- 
142 788 656 
3 901 
5 013 
8 124 
7 233 660 
8 341 
9 448 

650 553 
1 657 
2 760 
3 861 
4 961 
6 059 
--- 

49° 

059 069 
7 156 670 
8 252 
9 346 
439 
1 530 
2 620 
3 709 
4 796 
5 882 
6 966 
8 049 
9 181 

48° 

131 681 
211 
1 289 
2 367 
3 443 
4 517 
5 590 
8 662 
7 732 690 
8 801 
9 868 

680 934 
1 998 

---- 
47° 44° 43° 42° 41° 40° 

un. 
-- 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

50° 
--- - 
766 044 
6 979 
7 911 
8 842 
9 771 

770 699 
1 625 
2 549 
3 472 
4 393 
5 312 
6 230 
7 146 

61° 
--- 
777 140 
8 060 
8 973 
9 884 

780 794 
1 702 
2 608 
3 513 
4 416 
5 317 
8 217 
7 114 
8 011 

52" 
---- 
788 011 
8 905 
9 798 

790 690 
1 579 
2 467 
3 353 
4 238 
5 121 
6 002 
6 882 
7 759 
8 836 

53° 
- 

798 636 
9 510 

800 383 
I 254 
2 123 
2 991 
3 857 
4 721 
5 684 
6 445 
7 304 
8 161 
9 017 

54- 

809 017 
9 871 

810 723 
1 574 
2 423 
3 270 
4 116 
4 959 
5 801 
6 642 
7 480 
8 317 
9 152 

35° 

55- 

819 152 
9 985 

820817 
1 647 
2.475 
3 302 
4 126 
4 949 
5 770 
6 500 
7 407 
8 223 
9 038 

sr 

829 038 
9 850 

830 661 
1 470 
2 277 
3 082 
3 886 
4 688 
5 488 
6 286 
7 083 
7 878 
8 671 

57 

838 671 
9 462 

840 251 
1 039 
1 825 
2 609 
3 391 
4 172 
4 951 
5 728 
6 603 
7 277 
8 048 

58° 

848 048 
8 818 
9 586 

850 352 
1 117 
1 879 
2 640 
3 399 
4 156 
4 912 
5 665 
6 411 
7 167 

59" 

857 167 
7 915 
8 682 
9 406 

850 149 
0 890 
1 629 
2 366 
3 102 
3 836 
4 567 
5 297 
6 025 lo

e
c
.
,
,
c
m
e
o
c
e
o
c
m
o
l 

...._ 83° 32° 31° 30° 34° -- -- 
Cos. 

---
87° 36° 

Sin. 80° 61" 62° 63° 

891 007 
1 666 
2 323 
2 979 
3 633 
4 284 
4 934 
5 582 
6 229 
6 873 
7 515 
8 156 
8 794 

26° 

a r  
- 

898 794 
9 411 

000 065 
0698 
1 329 
1 058 
2 585 
3 210 
3 834 
4 455 
5 075 
5 692 
6 308 

25° 

85. 
--- 
906 308 
6 022 
7 533 
8 143 
8 751 
9 357 
9 961 

910 563 
1 164 
1 762 
2 358 
2 953 
3 545 

24° 

66° 
- -- 
913 545 
4 116 
4 725 
5 311 
5 896 
8 470 
7 060 
7 639 
8 216 
8 791 
9 364 
9 936 

920 505 
- 

28° 

• 67° 
--- 
020 605 
1 072 
1 638 
2 201 
2 762 
3 322 
3 880 
4 435 
4 989 
5 541 
6 090 
6 638 
7 184 

22° 

68" 
---- 
927 184 
7 728 
8 270 
8 810 
9 348 
9 884 

93041M 
0 950 
1 480 
2 008 
2 534 
3 058 
3 580 

21° 

69° 
- --
933 580 
4 101 
4 619 
5 135 
5 650 
6 162 
6 672 
7 181 
7 687 
8191 
8 694 
9 194 
9 693 

20° 

.
 

 
I
 o
 

rn
 

ef
n 

ó
e
g
j
 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

866 025 
6 752 
7 476 
8 199 
8920 
9 639 

870 356 
1 071 
1 784 
2 496 
3 206 
3 914 
4 620 

874 620 
5 324 
6 026 
6 727 
7 425 
8 122 
8 817 
9 510 

880 201 
0 891 
1 578 
2 264 
2 948 

882 948 
3 629 
4 309 
4 988 
5 664 
6 338 
7 011 
7 681 
8 350 
9 017 
9 682 

890 345 
1 007 

— -- 
C. 29° 28° 27° 

In. 70° 71° 72° - 73 
--   
956 305 
8 729 
7 151 
7 571 
7 990 
8 406 
b 820 
9 232 
9 642 

960 050 
0 456 
0 860 
1 262 
---   

16° 

74° 
-- 
961 262 
1 662 
2 059 
2 455 
2 849 
3 241 
3 630 
4 018 
4 404 
4 787 
5 169 
5 548 
5 926 

- 
_ 15° 

75° 
--- 
965 926 
6 301 
6 675 
7 046 
7 415 
7 782 
8 148 
8 511 
8 872 
9 231 
9 588 
9 943 

970 296 

14° 
- 

76' 
--- 
970 296 
0 647 
0 995 
1 342 
1 687 
2 920 
2 370 
2 708 
3 045 
3 379 
3 712 
4 402 
4 370 

-  
13° 

77° 
---- 
974.370 
4 696 
6 020 
5 342 
5 662 
5 980 
6 296 
6 610 
6 921 
7 231 
7 539 
7 844 
8 148 

---- 
12° 

78° 
---- 
978 148 
8 449 
8 748 
9 045 
9 341 
9 6:34 
9 925 

980 214 
0 500 
0 785 
1 068 
1 349 
1 627 

---- 
11° 

79' 
--- 
981 627 
1 904 
2 178 
2 450 
2 721 
2 989 
3 255 
3 519 
3 781 
4 041 
4 298 
4 564 
4 808 

- --- 
10° 

--
60 
55 
50 
45 
40 
35 
30 
25 
2(1 
15 
10 
5 
( 

--
1 

-- 
0 
5 
10 
15 
20 
25 
30 
35 
AO 
45 
50 
55 
60 
-- 
' 

939 693 
940 189 
0 684 
1 176 
1 668 
2 155 
2 641 
3 126 
3 609 
4 089 
4 568 
5 044 
5 519 

- 
' 19° 

945 519 
5 991 
6 462 
6 930 
7 397 
7 861 
8 324 
8 784 
9 243 
9 699 

950 154 
0 606 
1 057 
-- 

18° 

951 057 
1 505 
1 951 
2 396 
2 838 
3 279 
3 717 
4 153 
4 588 
5 020 
5 450 
5 879 
6 305 
--- 

17° 

ArustAl. 



80° i81" 

0 848o8lg87 688 
5 5 059 7 915 

10 5 309 8 139 
15 5 556 8 362 
20 5 801 8582 
25 6045 8800 
30 6286 9016 
35 6 525 9230 
40 6 762 9 442 
45 6 996 9 651 
50 7 229 9 859 
55 7 460 990065 
60 7688 0268 

Cos. 9° I 8' 

MATHEMATICAL TABLES 

NATURAL SINES 

811"I 88' 

990 268 
0469 
0669 
0866 
1 061 
I 254 
1 445 
I 634 
1 820 
2 005 
8 187 
2 368 
2 546 

2 546 
2 722 
2 896 
3 068 
3 238 
3 406 
3 572 
3 736 
3 897 
4 056 
4 214 
4 360 
4 522 

7° J 6° 

4' 

994 522 
4 673 
4 822 
4 969 
5 113 
5 256 
5 396 
5 535 
5 671 
5 805 
5 937 
6067 
6 195 

5° 

860 

996 195 
6 320 
6 444 
6 566 
6 685 
6802 
6917 
7 030 
7 141 
7 250 
7 357 
7 462 
7 564 

4. 

860 

997 564 
7 664 
7 763 
7 859 
7 953 
8 045 
8 135 
8223 
8 308 
8 392 
8 473 
8 552 
8 630 

_ 3° 

NATURAL COSINES 
NATURAL TANGENTS 

90 lo i 11° 3" 4° 5" 60 7° r 9° 

0 000000 017 455 034921 Ii9927 
5 1454f 80101 6 377 071 389 
10 290910203651 7 834 2 851 
15 43631 18201 9 290 4 313 
20 58181 3 275 040747 5 775 
25 72721 47311 2 204 7 238 
30 87271 61861 3 661 8 702 
35 0101811 76411 6 118 165 
40 1 636'l 9 097 I 6 576 1 629 
45 3091 loso 553 I 8 039 .3094 
50 4545j 20001 9 491 4 558 
55 60001 3 465 050049 6 023 
60 7 455 4 921 2408 7 189 
--
Cot. 89° 88° J 87° 85* 
an. io. 11 1 
-- -- --
0 176 927 194 380 212 557 230868 
5 7 827 5 890 4 077 2 401 

10 9 328 7 401 5 599 3 934 
15 180830 8 912 7 121 5 469 
20 2 332 200 425 8 645 7 004 
25 3 835 1 938 220169 8 541 
30 5 339 3 452 1 695 240 079 
35 6 844 4 967 3 221 1 618 
40 8 350 6 483 4 749 3 157 
45 9856 8 000 6 277 4 898 
50 191 363 9 518 7808 6 241 
55 2 871 211037 9 337 7 784 
60 4 380 2 557 230 868 9 328 

87 880 

99b 630 999 391 
8 705 9441 
8 778 9 488 
8 848 9 634 
8 917 9 577 
8 984 9 618 
9048 9 657 
9 Ill 9 694 
9 171 9 729 
9229 9 782 
9 295 9 793 
9 339 9821 
9 391 9848 

I. 

1-245 

88' 

D99 848 
9 872 
9 894 
9 914 
9 932 
9 948 
9 982 
9 974 
9 983 
9 990 
9 996 
9 999 

1.00003 

9° 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

052 408 
3 866 
5 325 
6 784 
8 243 
9 703 

061 163 
2 623 
4 083 
5 543 
7 004 
8 465 
9927 

85° 

1 

Cot. 79° 78° 
'ran. 200 21° 

77° 76° 

28° 23° 

0 163 970 383 884 401026 424 475 
5 5 618 5 534 5 719 6 192 

10 7 268 7 205 7 414 7 912 
15 8920 8 879 9 Ill 9 834 
20 370 573 390554 410810 131 358 
25 2 228 2 231 2511 3084 
30 3885 3 910 4 214 4812 
35 5 543 5 592 5 919 6 543 
40 7 204 7 275 7 626 8 276 
45 8 866 8 960 9 335 140011 
50 380 530 100 646 121 040 1 748 
55 2 016 2 335 2 759 3 487 
60 38041 4 026 4 475 5 229 

69° 68° 67° 66° 

I : I 

--
249 328 
250873 
2420 
3 968 
5 517 
7 066 
8 618 
170 

1 723 
3 278 
4 834 
6 391 
7 949 

.1 

75° 
24 

7 489 
8 954 
421 
1 887 
3 354 
4 821 
6 289 
7 757 
9 226 

WO 695 
2 164 
3 634 
5 104 

I: 

I I 

84° 

67 949 
9509 

-71 069 
2 631 
4 194 
5 759 
7 325 
8 892 
460 

2029 
3 600 
5 172 
6 745 

105 104 
6 575 
8 046 
9518 

110 990 
2463 
3 936 
5 409 
6883 
8 358 
9 833 

121 309 
2 785 

83° 
1 
--
286 745 
8 320 
9 896 

291 473 
3 052 
4 632 
6 214 
7 796 
9 380 

300 966 
2 553 
4 141 
6 731 

445 229 66 308 
6 073 8080 
8 719 9 854 

450 467 71 631 
2 218 3 410 
3 971 5191 
5 726 6 978 8 582 
7 484 8 762 500 399 
9 244 80 551 2 219 

£61 006 2 343 4 042 
2 771 4 137 4 867 
4 538 5 933 7 695 
6 308 7 733 9 525 

65° 64° 63°  

487 733 
9 534 

491 339 
3 145 
4 955 
6 767 

122 785 140541 158 384 
4 261 2024 9 876 
6 738 3 508 161 368 
7 216 4 993 2860 
8 694 6 478 4 354 

130173 7 964 5848 
1 652 9 451 7 943 
3 132 150938 8838 
4 813 2 426 170 334 
8 094 3 015 1 831 
7 576 5 404 3 329 
9058 8894 4 828 

140 541 8384 6 327 
--

82° 81° 80° 
1 

305 731 
7 322 
8 914 

310 508 
2 104 
3 701 
5 299 
6 899 
8 500 

320 103 
1 707 
3 313 
4 920 

72° 

1" 19' 

324 920 344 328 
6 528 5 955 
8 139 7 685 
9 751 9 216 

331 364 350848 
2 979 2 483 
4 595 4 119 
6 213 5 756 
8833 7 396 
0 454 9037 

341 077 360 880 
2 702 2 324 
4 328 3 070 

71° 70° 

290 

oo 
56 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

509 525 531 709 554 309 60 
511.859 3 577 6 212 55 
3 195 5 447 _.: 118 50 
5 034 7 319 560027 45 
6 876 9 195 1 939 40 
8 720 541 074 3 854 35 

520 567 2 956 5 773 30 
2 417 4 840 7 691 25 
4 270 0728 9 819 20 
6 126 • 8 619 571547 15 
7 984 550 513 3 478 10 
9 845 2 409 5 413 5 

31 709 4 309 7 350 0 

62° 61° 600 
NATURAL COTANGENTS dr 



I-146 RADIO AND TELEVISION REFERENCE BOOK 

NATURAL TANGENTS 

30° 

0 577 350 
5 9 29/ 
10 581 235 
15 3 183 
20 5 134 
25 7 088 
30 9 045 
35 591 006 
40 2 970 
45 4 938 
e 6 908 
55 8 883 
60 600861 
--
Cot. 59° 
Tan. 38° 

0 781 826 
5 3 631 
10 5 981 
15 8 336 
20 790 698 
25 3 064 
30 5 436 
35 7 813 
40 800 196 
45 2 585 
50 4 979 
55 7 379 
60 9 784  

Cot. 51°  
'r an . 46° 

0 1.035 530 
5 038 540 
10 041 577 
15 044 814 
20 047 880 
25 050 715 
30 053 780 
35 056 854 
40 059 938 
45 063 031 
50 086 134 
65 069 247 
60 072 389 

Cot. 43° 
‘.1 an. 54° 55° 
-- --
0 1.376 382 1.428 148 
5 380 600 432 578 
10 384 835 437 027 
15 389 088 441 494 
20 393 357 445 980 
25 397 644 450 485 
30 401 948 455 009 
35 406 270 459552 
40 410 610 464 115 
45 414 967 468 697 
50 419 343 473 298 
56 423 736 477 920 
60 428 148 482 561 

31 

600 861 
2 842 
4 827 
6 815 
8 807 

610 802 
2 801 
4 803 
6 809 
8 819 

620 832 
2 849 
4 869 

58° 
3W' 

800 784 
812 195 
4 612 
7 034 
9 463 

821 897 
4 336 
6 782 
9 234 

831 691 
4 155 
6 624 
9 100 

50° 
47° 

33' 

824 869 
6 894 
8 921 

630 953 
2 988 
6 027 
7 070 
9 117 

641 167 
3 222 
5 280 
7 342 
0 408 

33° 

849 408 
651 477 
3 551 
5 820 
7 710 
9 796 

661 886 
3 979 
6 077 
8 179 

670 285 
2 394 
4 500 

67° 
40' 

839 100 
841 581 
4 069 
6 583 
9 062 

851 568 
4 081 
6 599 
9 124 

881 655 
4 193 
6 736 
9 287 

49° 
48° 

1.072 369 
075 501 
078 642 
081 794 
084 955 
088 127 
091 309 
004 500 
097 702 
100 914 
104 137 
107 369 
110 613 

42° 

35° 34° 

1.110 613 
113 866 
117 131 
120 405 
123 691 
126 987 
130 294 
133 612 
136 941 
140 282 
143 633 
146 995 
150 368 

41° 
58° 

1.482 561 
487 222 
491 904 
496 606 
501 328 
506 071 
510 835 
515 620 
520 428 
525 254 
530 102 
534 973 
593 865 

58° 
41' 

869 287 
871 844 
4 407 
6 977 
9 553 

882 136 
4 7£5 
7 322 
9 924 

892 534 
5 151 
7 774 

900 404 

48° 
49° 

34* 

874 509 
6 627 
8 749 

680 876 
3 007 
5 142 
7281 
9 425 

691 572 
3 725 
5 881 
8 042 

700 208 

35° 36* 37° 

700208 
2 377 
4 551 
6 730 
8 913 

711 101 
3 293 

' 5 430 
7 891 
9 807 

722 108 
4 323 
6 543 

55° 
42* 

000404 
3 041 
5 685 
8 336 

9103 09.4659 

6 331 
9 010 

921 607 
4 391 
7 091 
9 800 

032 515 

47° 
50° 

1.150 368 
153 753 
157 150 
160 557 
163 076 
187 407 
170 850 
174 304 
177 770 
181 248 
184 738 
188 240 
191 754 

33° 

40° 
57° 

1.539 865 
544 779 
549 716 
664 674 
559 655 
564 659 
569 686 
574 735 
579 808 
684 904 
590 024 
595 167 
GOO 335 

32° 

NATURAL COTANGENTS 

1.191 754 
195 280 
198 818 
202 360 
205 033 
209 509 
213 097 
216 698 
220 312 
223 939 
227 579 
231 231 
234 897 

54° 
43° 

728 543 
8 787 

730 996 
3 230 
5 469 
7 713 
0 961 

742 214 
4 472 
8 735 
0 003 

751 276 
3 554 

753 554 
5 837 
8 125 

760 418 
2 716 
6 019 
7 327 
9 840 

771 959 
4 283 
6 612 
8 946 

781 286 

932 515 
5 238 
7 968 

040 706 
3 451 
6 204 
8 965 

951 733 
4 508 
7 292 

960 083 
2 882 
5 689 

5$° 
44° 
— 
965 689 
8 504 

971 326 
4 157 
6 996 
9 842 

982 697 
5 560 
8 432 

991 311 
4 199 
7 095 

1.000 000 

48° 
51° 

1.234 897 
238 578 
242 269 
245 974 
249 693 
253 426 
257 172 
260 932 
264 706 
268 494 
272 206 
276 112 
279 942 

45° 
52* 

52° 
45° 

- — — — — 
1.00 000 
002 913 
005 835 
008 765 
011 704 
014 651 
017 607 
020 572 
023 546 
026 529 
029 520 
032 521 
035 530 

1.279 942 
283 786 
287 645 
291 518 
294 408 
299 308 
303 225 
307 158 
311 105 
315 067 
319 044 
323037 
327 045 

44° 
53° 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

1.327 045 
331 068 
335 108 
339 162 
343 233 
347 320 
351 422 
355 541 
359 676 
383 828 
367 996 
372 181 
e76 382 

39° 
- 

38° 
59° 

37° 
80' 

38° 
61° 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

1.600 335 
605 526 
610 742 
615 982 
621 247 
626 537 
631 852 
637 192 
642 558 
647 949 
653 366 
658 810 
664 280 

1.664 280 
669 776 
en 299 
680 849 
686 426 
692 031 
697 663 
703 323 
709 012 
714 728 
720 474 
726 248 
732 031 

1.732 051 
737 883 
743 745 
749 637 
755 559 
761 511 
767 494 
773 508 
779 552 
785 620 
791 736 
797 876 
894 048 

1.804 048 
810 22 
818489 
822 759 
829083 
835 400 
841 771 
848 176 
854 616 
861 091 
867 600 
874 146 
880727 

so 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
o 

31' 30° 29° 28° 
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62° 63 64° 

1880727o  1.982 611 2050304 
5 887 344 989 687 057 895 

10 893 997 976 805 065 532 
15 900 687 983 964 073 215 
20 907 415 991 164 080 944 
25 914 179 998 406 088 720 
30 920 982 2.005 690 096 544 
35 927 823 013 016 104 415 
40 934 702 020 386 112 335 
45 941 620 027 799 120 303 
50 948 577 035 257 128 321 
55 955 574 042 758 136 389 
60 962 611 050 304 144 507 
- --- - 
Cot. 27° 26° 25°  

ran. 70" J 71 74 

0 2.747 477 2.904 211 
5 759 961 917 991 

10 772 545 931 889 
15 735 231 945 905 
20 798020 960 042 
25 810013 974 302 
30 823 913 988 685 
35 837 020 7.003 194 
40 850 235 017 830 
45 863 560 032 595 
50 876 997 047 492 
55 890 547 082 520 
60 904 211 077 684 
- -----
Cot. 19° 18° 
Tan. 78" 

o 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 

4.704 630 
738 508 
772 857 
807 685 
843 005 
878 825 
915 157 
952 013 
989 403 

5.027 340 
065 835. 
104 902 
144 554 

5.144 554 
184 804 
225 665 
267 152 
309 279 
352 063 
395 517 
439 659 
484 505 
530 072 
576 379 
623 442 
671 282 

Cot. 11`  10°  

Tan. 86 Dill. 

0 14.300 67 
5 605 92 
10 924 42 
15 15.257 05 
20 604 78 
25 968 67 
30 16-349 86 
35 749 61 
40 17.169 34 
45 610 56 
50 18.074 98 
55 564 47 
60 19.081 14 

305 25 
318 50 
332 63 
347 73 
363 89 
381 19 
399 75 
419 73 
441 22 
464 42 
489 49 
516 67 

3" Di O. 

3.077 684 
902 983 
108 421 
123 999 
139 719 
155 584 
171 595 
187 754 
204 064 
220 526 
237 144 
253 918 
270 853 

17° 
80" 

5.671 282 
719 917 
769 369 
819 657 
870 804 
922 832 
975 764 

6.029 625 
084 438 
140 230 
197 028 
254 859 
313 752 

9° 
87" 

19.081 14 
627 30 

20.205 55 
818 83 

21.470 49 
22.163 98 

903 77 
23-694 54 
24.541 76 
25.451 70 
20.431 60 
27.489 85 
28036 25 

2' 

NATURAL TANGENTS 

86° 

2.144 507 
152 676 
160 898 
169 188 
177 492 
185 889 
194 300 
202 784 
211 323 
219 918 
228 568 
237 274 
246 037 

24° 
73° 

88° j67° 

2.248 037 
254 857 
263 736 
272 673 
281 669 
290 726 
299 843 
309 021 
318 261 
327 563 
336 929 
346 358 
355 852 

23° 
74' 

88 86° 
- 

2355862 2475037 2.605089 60 
385 412 485 489 616 467 55 
375 037 495 966 627 912 50 
384 729 508 520 839 455 45 
394 489 517 151 651 087 40 
404 317 527 860 662 809 35 
414 214 538 648 674 622 30 
424 180 549 516 686 527 25 
424 217 560 485 698 525 20 
444 326 571 496 710 619 15 
454 508 682 609 722 808 10 
464 760 593 807 735 093 5 
475 087 605 089 747 477 0 

- 
22° 2- 1° 20°  
75" 76° 77° 

 --- - 
.4.010 781 4.331 478 80 
035 778 360 400 55 
061 070 389 694 50 
088 683 419 364 45 
112 561 449 418 40 
138 772 479 864 35 
165 300 510 709 30 
192 151 541 961 25 
219 332 573 629 20 
246 84,' 605 721 15 
274 707 638 246 10 
302 914 671 212 5 
331 476 704 630 •0 

3270853 3.487 414 3-732 051 
287 949 506 656 753 882 
305 209 526 094 775 952 
322 636 545 733 798 266 
340 233 565 575 820 828 
358 001 585 624 843 642 
375 943 605 884 866 713 
394 063 626 357 890 045 
412 363 647 047 913 642 
430 845 687 958 937 509 
449 512 889 093 961 652 
468 368 710 456 986 074 
487 414 732 051 4.010 781 

16° 15° 14° 
81' 

6-313 752 
373 736 
434 843 
497 104 
560 554 
625 226 
691 156 
758 383 
826 944 
896 880 
968 234 

7-041 048 
115 370 

8' 
Litt. 

546 TO 
578 25 
613 28 
651 57 
693 58 
730 79 
790 77 
847 22 
909 94 
979 90 

1.058 25 
1.146 40 

82" 88" 

7.115 370 
191 246 
268 726 
347 861 
428 706 
511 318 
595 754 
682 077 
770 351 
860 642 
953 022 

8-047 565 
144 346 

18° 
84" 

8.144 346 9.514 365 
243 449 649 348 
344 956 788 173 
448 957 931 009 
555 547 10.078 93 
664 822 229 43 
776 887 385 40 
891 851 546 15 

9.009 826 711 91 
1301135 882 92 
255 304 11-059 43 
383 066 241 71 
114 365 430 05 

7'  6°  

88- Din. 

28-636 25 
21)-88210 
31-241 18 
32-730 26 
34.307 77 
36.177 60 
38-188 lu 
40.435 84 
42-964 08 
45.829 35 
49-103 88 
52-882 11 
57.289 96 

1" 

NATURAL COTANGENTS 

12° 

4145° 

11.430 05 80 
824 78 55 
826 17 50 

12.034 62 45 
250 51 40 
474 22 35 
706 20 30 
946 92 25 

1319688 20 
456 63 15 
726 74 10 

14-007 86 5 
300 67 0 

5° 4° 
81P Dill. I 

57-289 96 
I - 246 05 02.499 15 5-209 19 
I - 359 28 68.750 09 6.250 94 
1-488 68 76-39001 703992 
1-637 51 85.039 79 9.140 78 
1.809 43 98.217 94 12.278 2 
2-019 86 114.588 7 163708 
2.247 38 37.507 5 224118 8 
2.528 24 171-885 4 34.377 9 
2-865 27 229.181 7 57.296 3 
3-274 58 143.773 7 114-5920 
3-778 23 '87-548 9 343-775 2 
4.407 ti5 Infinite Infinite 

1)0 1. 0° 1)0 9. 

60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
20 
5 
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Practical Hints on Solving a Problem 

(1) Visual presentation is an invaluable aid to solving a problem. 
Where possible, always draw a rough diagram, inserting the data and 
the quantities required. 

(2) Before commencing a lengthy calculation, see if a short cut can 
be used to advantage. 

(3) It saves time in checking to set down each stop of a calculation, 
rather than to rely too much on mental reckoning. 
:(4) Decimal points are sometimes poorly defined. To avoid 

ii`mbiguity in reading quantities like -635, always insert a 0 before tho 
decimal point. 

(5) Brackets omitted or inserted incorrectly can often cause con-
fusion. Compare, for example, the following: 

sine • sine of the square of 0 
(sin 0)2 . . square of sin 0 
log P2/PI . . quotient of the log of P2 and P, 
log (P2/P1) • log of the quotient of Pp and 

W. E. P. 
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2. COMMUNICATION THEORY, ELECTRON OPTICS 
AND COLOUR TELEVISION 

Engineers who design systems for communication have hitherto done 
so without the aid of a means for quantitatively assessing the commodity 
being transmitted in those systems. Communication Theory aims at 
supplying such a means. Mathematical methods, particularly prob-
ability theory and mathematical analysis, are used to provide a measure 
of this commodity, " information ", and to give a basis for comparison of 
the various communication systems. The study of information enables 
the theoretical limits, which an ideal system might reach under a given 
set of conditions, to be deduced, and with its aid, better methods and 
more efficient systems may be evolved. 
The history of communication is closely interwoven with the history 

of man himself. Primitive peoples showed a desire to convey informa-
tion to one another, and used pictures or other symbolic representations 
to effect a record of events. These reduced, for example, to hiero-
glyphics, and civilizations built up agreed languages of selections from 
recognized sets of symbols. (The spoken word can also be considered 
as a combination of selections from a set of sounds.) In More recent 
times attempts have been made to devise ways of compressing the in-
formation contained in messages, or of simplifying the symbols them-
selves. One of the simplest means in use throughout history has been 
that employed in smoke signalling, i.e., the use of a two-valued code. 
Another such two-valued signalling code is that devise by Samuel 
Morse, in 1832: this was based on the probability of occurrence of 
letters in printed English as used in Morse's day, Thus the most fre-
quently occurring letters, such as E, A, and T. were assigned the shortest 
code combinations, in order that messages might be as short as possible. 
The code was used in telegraphy, and came as a result of the wish to 
conserve time in the transmission of a given message. It showed also 
that for economy the statistics of the language must be taken into 
account. 
The progress in communication from telegraphy to telephony, radio 

and television, with their concomitant techniques of multi-channel 
transmission by frequency-division-multiplex and pulse methods, threw 
emphasis on to the need for economy of band-width. It became clear 
that some means for assessing the merits of a system should be found 
and some relationship between the variables expressed. 

It was Hartley,' who, in 1928, first formulated an equation relating 
the information in a communication channel to the band-width, trans-
mission time, and distinguishable amplitude levels. This last factor, 
accounting for the amplitude levels, implies a lower limit on the power 
of the signal, and in fact can be simply related to the signal-to-noise 
power ratio for the channel. 
The concepts, which have crystallized since those early years, have 

been the importance of signal .band-width, time and signal power (as 
well as interfering noise power) and also the importance of the statistical 
nature of the language being used. These concepts have been correlated 
by Shannon 2 in his Mathematical Theory of Communication. Similari-
ties exist between the expressions relating these variables and those used 
in modern thermodynamic theory for considering the entropy of systems 

2-2 
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with states of various probabilities. This has led to'a recognition of the 
complementary nature of information and entropy. The subject has 
thus widened into an immense field of study embracing e rch diverse 
matters as linguistics, acoustics, radar, computation and psychology. 
Major contributions to wider aspects of the theory have been those of 
Shannon and Wiener,s whose powerful mathematical methods have been 
applied to many information-handling systems, such as pulse-modula-
tion methods, secrecy.codes, filters and automatic control systems. 
Some classification of these theories is necessary. The widest of the 

categories considered has been the one concerned with systems in which 
action is controlled by the information received. These include control 
systems of all types, and the study of communication and control has 
been called " Cybernetics." by Wiener. " Information Theory" deals 
with the broad problem of conveying information from source to destina-
tion. This involves the recognition of the commodity as it is passed 
right through the system and provision of a means of measurement. 
The system may include channels other than those familiar to the 
engineer in that such components as parts of the nervous system may 
well be included. Information Theory is considered a part of modern 
physics and scientific method. " Communication Theory ", however, 
with which we are at present concerned, is confined to an understanding 
of communication processes and the improvement of methods for hand-
ling information which already exists in the spoken; written, visible or 
other clearly recognizable form. 

Divisions of the Theory 

Communication Theory is concerned with making a representation 
(in one space, at the receiving end) of a representation already existing 
(in another apace, at the transmitting end). An example of the type. 
of system concerned is shown in Fig. 1, and applies to such familiar 
equipments as radiotelephone links. Incoming information in the form 
of speech is processed in the transmitter, and may be multiplexed with 
other messages to produce an output signal which differs from the input 
in that filtering and distation reduce the original information content 
and introduce errors. Over the radio link there will be an additional 
source of error in the form of noise. In this way the final outputrepre-
sentation which goes to the destination of the message (the listener's 
ear) differs from the original by a certain amount. The message, 
however, is understood by virtue of the rules of the language and the 
context of the message. Information is gained at the receiyer, when 
the state of existing knowledge (the a priori information) there is changed 
by the receipt of the message. 
The Theory is first concerned with the analysis of the message into an 

alphabet of be.* elements, or symbols. This is often termed the 
Representation of Signals. The communication of these elements within 
the system with or without the addition of noise can then be treated by 
means of the application of Probability Theory, and this is the Statistical. 
Theory of Communication. 

Further subdivision of Vie Statistical Theory may bo made: 

(a) Discrete signals in a noiseless channel. 
(b) Discrete signals in a noisy channel. 
(c) Continuous signals in a noisy 'channel. 
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FILTERING AND FILTERING AND 
ERRORS ADDED ERRORS ADDED 

NOISE ANT) 
ERRORS ADDED 

SOURCE TRANSbAITTERH CHANNEL RECEIVER --OP DESTINATION 

‘M.---E-FF,das,TrS CONSISTING NG MESSAGE, MODIFIED 
OF SYMBOLS DRAWN _ BY ADDITION OF 
FROM AN "ALPHABET" NOISE, ERRORS, ETC. 
OF SIGNS, SOUNDS 
OR PATTERNS. ,________A.  ,___.—.."....-. 

MESSAGE, CONVERTED MESSAGE DECODED 
INTO SYMBOLS SUITABLE TO SET OF SYMBOLS 
FOR TRANSMISSION, e.9. OF THE. SAME TYPE 
RADIO PULSES. AS THE ORIGINAL. 

FIG. 1.—BLOCK DIAGEAM Or A COMMUNICATION SYSTEM. 
The message is modified during transfer by the equipment characteristics, which re-

duce Its true information content by Altering and by adding errors to it. 

Definitions and Theory 

Discrete Symbols in a Noiseless Channel 
Information is conveyed only if the data received cannot be predicted 

by the receiver from a priori information received in the past. 
A-measure of information may be based on the number of choices that 

are necessary to select a given symbol from a set of possible symbols. 
Thus the logarithmic measure of information of Hartley is defined as 

I log, n binary digits (bits) . . . . ( 1) 

where I binary choioés (two alternatives at each choice) are required to 
select one out of n equiprobable alternatives. 

Practical sources of messages, however, do not produce symbols or 
even groups of symbols with equal probability of occurrence, and aver-
ages over large samples must be t.tken in order that a measure . of the 
difficulty of transmission may be obtained. • If a source produces sym-
bols independently in a long series, x, of different representations (ergodic 
series), of which the ith has a prior probability of pi, then the average 
selective information per symbol from that source is given by: 

H(x) = —E pi log, pi bits 'symbol • (2) 

H is then the selective entropy of the source. 

Shannon's Fundamental Coding Theorem, for a Noiseless Channel 

The idea of the source supplying communication channel of limited 
capacity has been incorporated in a theorem known as the Fundamental 
Coding Theorem. This states that: 

If H is the entropy of the source (bits/symbol), and (7 is the channel 
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capacity (bits/second), then it is possible to encode the message in such 
a way as to transmit it at an average rate of up to, but not exceeding 
C' 
ri symbols/second. The code which actually gives this rate is said to be 

" ideal ", and requires the messages to be independent., and coded in 
groups of virtually infinite length. 

Sampling Theorem 

It is possible to determine signals by discrete samples of the amplitude 
taken at a finito number of times. This has been expressed as a result 
of work by Whittaker,' in Shannon's Sampling Theorem: 

If a signal is confined to a time T and to a frequency band-width W; 
it can be completely determined by samples taken at 2TW equally 
spaced interpolation points. 
A mathematical model of the signal can be built up by thinking of 

these 2TW data as defining a point in a reference space having 21'W 
dimensions. In consequence, algebraic operations may be performed 
on the co-ordinates of the point, to represent operations performed on 
the signal itself. This is only strictly correct if the number of dimensions 
is infinite, but 2TW is usually largo enough. 
The signal can also be represented by an area in the time-frequei.cy 

plane. Gabor 5 has shown that this area must be at least unity in the 
inequality : 

• 
  (3) 

The similarity of this to the uncertainty relation of modern quantum 
physics is obvious. 

Types of Entropy 

The selective entropy, H(x), defined in equation (2), was a measure 
of the information conveyed by the occurrence of a single symbol, the 
ith of a set, x. The entropy to be ascribed to the joint occurrence of 
two symbols, symbol i of set x, and symbol j of set y, can be written : 

H(r. y) E P(i,i) log P(i,i) • • • (4) 
ii 

Th:s is the entropy of the joint event, as opposed to the conditional entropy 
of the set y, when set. at is already known. This is : 

1-11„(y) —E j) log pi(j) (5) 

The relative entropy is defined as the ratio of the actual entropy of the 
source to the maximum entropy it could have, still using the name 
symbols. 
The redundancy of the source is then expressed as the ditreren,••• be-

tween unity and the relative entrop3-. 
To give an example, consider English, as used in a communication 

53-stem, to consist of a series of selections from a thirty-two letter alpha-
bet. Were these equally likely, the information per symbol, calculated 
from equation (2) or more simply, equation ( I). would be live bits. 
From analysis of the statistical structure of English. however, shannon 
has estimated the average informatio•1 per letter to be only about ono 
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bit. From the definitions abo ye, then, the relative entropy of a source 
produci: 3 English is 0.2, and the redundancy some 0.8. The conclusion 
to be drawn from this is that in a noiseless channel, 80 per cent of the 
letters of a long message could be lost and the information still be 
conveyed. 

Communication by Discrete Signals in Noise 
In the previous section the entropy of a joint everit was defined. 

It is easy to see how this can be applied to the reception of a message, 
which though transmitted as a set of events, x, is received as a set of 
events, y, differing from x because of errors introduced by noise in the 
channel. As a. result there exists uncertainty at the receiver as to the 
exact form Of x, and this is the ambiguity or equivocation. It is given 
by equation (5), the conditional entropy. 
The Channel Capacity can then be expressed as the maximum dif-

ference between the entropy of the source and this equivocation. 
Thus the source is varied until it is matched to the channel and then: 

Channel Capacity, C = [H(x) — . . (6) 

Shannon's Fundamental Coding Theorem for this noisy channel can be 
stated: 

If H is the entropy of the source, and C is the channel capacity, then 
it is possible to encode the message in such a way that: 

(a) when H is less than C, there is an arbitrarily small frequency 
of errors, and 

(b) when H is greater than C, the equivocation is as little as 
(H —C). 

• 
The two ways in which the transmission rate may be improved can 

be described as: (a) coding, in which the message symbols are taken in 
large groups, and (b) matching, in which the transmission symbols are 
chosen to reduce uncertainty due to noise to a minimum. 

The Continuous Noisy Channel 

It was mentioned that signals can be represented by points or vectors 
in a signal space of 2T W dimensions, where T is the time interval and 
W the frequency band confining the signal. If P is the mean power 
of the signal, and N the mean power of the noise, the resultant signal 
plus noise can be represented by the random resultant vector PN. 
As the dimensions increase in number, the vectors tend to terminate 
on a hypersphere and the number of distinguishable signals can be shown 

to be : 
rp 

LPJ J • 

The capacity is then found by taking the logarithm to base two: 

Capacity of Noisy Continuous Channel 

N.. 
C = TW log2(P — ) nits   (7) 

N 
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This is known as Shannon's Mean Power Theorem and holds for noise 
which is " white " gaussian, and signals of the same amplitude distribu-tion. 

These are the principal relations which can be applied in assessing 
practical communications. Certain modifications must, however, be 
made to account for the deviations from the idealized assumptions that 
were made to derive them. 

Practical Applications of Communication Theory 

Practical systems with which engineers are concerned are usually 
designed to transmit data, speech or pictures. Communication Theory 
can be used to calculate the efficiency with which these can transmit 
their information by comparing with theoretically ideal systems. 
The waveform to be transmitted by the equipment may be far from 

ideal. This is particularly true of speech, which has an amplitude and 
power spectrum making it unsuitable for efficient use of the available 
transmitter power and band-width. Shannon's Mean Power Theorem 
(Eqn. ( 7)) indicates that maximum channel capacity is realized when the 
signal assumes an amplitude distribution resembling that of noise. 
This may be approached by multiplexing large numbers of speech chan-
nels for transmission over a single link. The multiplexed signals not 
only have the required amplitude distribution but also mako better 
use of the power, since peaks do not occur infrequently as in single 
channel speech. 

The possibility of reducing the band-width necessary to transmit 
spoken intelligence has long been contemplated. Telephone circuits 
transmit only some 3 kc/s of the full fifteen associated with the voice 
and, even with a noisy line, this is usually perfectly intelligible. On 
the basis of one bit por letter of English, the average spoken sentence 
should convey information at an overall rate of some ten to twenty bits 
per second only. Were it possible to use an ideal code, equation (7) 
indicates that oven With the poor signal-to-noise ratio of three to one 
it would be possible to transmit this information over a frequency band 
of only 10 c/s. That the three kilocycles can be greatly reduced has 
been demonstrated by tho " vocodcr " with which Dudley 6 was able 
to transmit speech using ten channels of 25 c Is to give the frequency 

range, and another for operating an artificial larynx, a total of 275 c/s. • An even narrower band has been found necessary for synthesizing 

speech, using the six vocal parameters. 
These reductions are made as a result of investigations into the 

characteristics of the voice. Equivalent reductions in band-width of 
television signals might be made by tho review of eye characteristics. 
In both cases cod: e methods aro not known and theoretical channel 
capacities cannot be calculated. 

Reducing Band-width of the Communication Channel 

The reductions so far considered have applied to the coding of the 
message input. The question arises: with a given form of input signal 
(e.g., speech) by what means may it be transmitted to make the most use 
of the available band-width ? 

Various modulation methods, such as A.M., F.M., P.A.M., P.P.M., 
P.C.M., etc., have been devised, and for each of these the channel 
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capacity may be derived. These must then be compared with the 
theoretically ideal system capacity given in equation ( 7). Frequency 
modulation is found to enable band-width and signal-to-noise-ratio to 
be exchanged linearly (the familiar property of improving the signal-to-
noise-ratio with increased deviation ratio). On the other hand, Pulse 
Code Modulation allows exchange on a logarithmic basis, and this is 
similar to the ideal of equation (7). For a detailed comparison of the 
theoretical capacities of the various systems the reader is referred to the 

work of Jelonek.7 

Applications to Television Systems 
The possibility of reducing the band-width of television signals has 

been considered by Cherry and Gouriet.a Their proposal was to change 
the statistical structure of the signal by recoding, just as Morse did with 
the code described earlier. Information about the rate of change of 
video signal, and therefore about boundaries between light and shade in 
the picture rather than about intensities, is transmitted. 
Attempts have been made to reduce the band-width necessary for 

the transmission of colour television signals. This is important since 
higher frequencies at present indicated would prove a costly proposition. 
Methods for coding the video signal and thus compressing the band-
width necessary have been suggested, one simple method being that of 
Valensi.' The range of colour can be described by means of Maxwell's 
Colour Triangle, which would be divided into thirty segments. Informa-
tion supplied in the transmitted signal would merely consist of the code 
to select particular segments and the corresponding brightness. 

Filters 
Application of mathematical theory to the design of optimum filters 

has been effected by Wiener. Complicated filters for separating mes-
sages from a background of noise have been the centre of much interest 
in this field of application of the theory. It is possible that this work 
may ultimately lead to a solution of the problem of speech recognition. 

Conclusions 
Communication Theory has concentrated attention on the essential 

features of communication. It has provided a quantitative means for 
evaluating the efficiency of our systems and for comparing them with 
theoretically ideal systems. It clearly indicates limits to the perform-

ance of equipment. 
One desirable result of the theory has been the way in which it has 

shown just how close some present methods are to the ideal. Although 
in many cases reductions in band-width are possible, they will be great 
only if flexibility is sacrificed. Methods necessary to achieve large 
signal-band-width savings in general require complex equipment with 
means for storing large amounts of information. Decisions as to the 
value of such methods must necessarily be based on economics. 

Perhaps the most useful result of the development of the theory has 
been the way in which it has focused the attention of many fields of 
thought on to the possibility of applying statistical methods to com-

munication of all types. B. Z. de F. 
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ELECTRON OPTICS 

Behaviour of an Electron in an Electric Field 

An electron situs.ted in an electric field, such as that betwe,,n the 
parallel plates of Fig. 2, is urged towards the positively-chargett plate. 
The electi:ic field is usually represented by arrows pointing in the 

1
LINES OF ELECTRIC INTENSITY 

, ,s---- ( i.e. DIRECTION OF FIELD) 

17-DIRECTION IN WHICH 
ELECTRONS MOVE 

FIG. 2.—ELECTRIC FIELD BETWEEN Two PARALLEL CHARGED PLATES. 
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+ 500 VOLTS 

FIG. 3.—ELECTRIC FIELD (SOLID LINES) AND EQMPOTENTIAL SURFACES 
(DOTTED LINES) BETWEEN TWO CO-AXIAL CHARGED CYLINDERS. 

direction in which a positive charge would move; thus an electron, by 
virtue of its negative charge, tends to move in thé opposite direction to 
the lines of electric intensity repre- cnting the field. 

Fig. 3 shows in solid lines the field pattern between two charged co-
axial cylinders; this is a form of donstruotion frequently used in 
•eleotrostatic electron lenses. It is significant that the linee of intensity 
in Figs. 2 and 3 all leave or arrive at the charged conductors at right 
angles. In Fig. 3 a number of dotted lines are drawn; these have the 
property that they are, at all points, at right angles to the lines of 
intensity. The most important property of these is that for each of 
them the potential acquired by a conductor placed at an- Joint in the 
line is constant. These are, in fact, lines of constant potenbial, and are 
usually termed equipotential lines. 

Equipotential lines are sometimes labelled with their value of 
potential; for example, line ABC, which is very near the outer cylinder, 

ELECTRONS MOVING 
IN THIS DIRECTION 
ARE ACCELERATED 

EQUIPOTENTIAL — 
• SURFACES 

r. 

  OV 
  SOV 

100V 
, 150V 

ELECTRONS MOVING 
IN THIS DIRECTION 
ARE RETARDED 

200V 
250V 

ELECTRONS MOVING IN 
THIS DIRECTION 'AT LOW 
VELOCITY ARE HALTED 
AND REVERSED 

4.—BEHAVIOUR Or AN Risers« Blum ENTERING AN 
ELECTS«) FIELD NORVAL TO TOM EQUarearNTIAL SURFACES. 
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has a potential of nearly 500 volts (that of the cylinder), whereas DEF, 
approximately equidistant from both cylinders, probably has a potential 
of 250 volts, a value raid-way between those of the two cylinders, 
Fig. 3 is, of course, a sectional drawing, and if it were rotated about its 
axis of symmetry the dotted lines would generate equipotetUia/ surfaces. 
The shape of these surfaces determines the behaviour of electrostatic 
focusing systems, and has a bearing of the deflection of electron beams 
passing through them, just as the shape of an optical lens determines the 
deflection experienced by a light beam passing through the lens. 
An electron moving in an electric field so as to cross equipotential 

surfaces at right angles is, of course, travelling parallel to the lines of 
electric intensity (which are always at right angles to the surfaces). 
Such electrons experience no lateral defleeting forces, and continue to 
move in the same straight line, being accelerated if they are moving up 
the potential gradient (i.e., towards a positively-charged conductor), 
but retarded if moving down the potential gradient. If a retarding 
field is sufficiently strong it can bring a moving electron to a temporary 
halt and then revers3 its motion. Such conditions exist near tile target 
of all low-velocity television camera tubes. Where an electron beam is 
required to penetrate a retarding field it must be given an initial velocity 

NORMAL TO EQUIPOTENTIAL 
SURFACES (ALSO DIRECTION 
OF PIELD) 

EOUIPOTENTIAL 
SURFACES 

ELECTRON PATI:4--3.-

OV 
- 50V 
 100V 
 150V 
 200V 
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FIG. 6 . — PATH 
TRACED BY AN ELEC-
TRON BEAM ENTERING 
A PARALLEL ELECTRIC 
FIELD OBLI QUELY 
AND TRAVELLING 
DOWN THE POTENTIAL 

GRADIENT. 
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adequate for the purpose. Fig. 4 illustrates the three effects which can 
occur when an electron stream enters a field at right angles to the 
equipotential surfaces. • 

If an electron enters an electric field at an angle to the equipotential 
surfaces, its velocity is not parallel to the lines of intensity, and the 
electron experiences a lateral deflecting force which tends to align it 
with the lines of intensity (if the electron is travelling up the potential 
gradient) or tends to make it take up a direction at right angles to the 
lines of intensity (if it is moving down the potential gradient). Theme 
two modes of behaviour are illustrated in Figs. 5 and 6. The effect 
on the beam is perhaps easier to understand when it is realized that the 
beam is accelerated downwards in Fig. 5, tending to make the velocity 
more nearly at right angles to the equipotential surfaoes, whereas in 
Fig. 6 the beam is retarded and tends to become parallel to the equi-
potential surfaces. There is a relationship between the angles of inci-
dence and refraction for electron beams analogous to Snell's law in op-
tics. The relationship is 

_sin = . • ( 1) 
sin r V,J 

where Vi is the potential of the medium above the uppermost equi-
potential surface and V, is that of the medium below the lowest equi-
potential surface. Both media are assumed to be of constant potential. 
The potential of a medium can readily b•3 varied, but the refractive 

index of an optical medium cannot; in this respect eleotron—optical 
systems are more flexible than their optical counterparts. 

Figs. 5 and 6 show another feature of electron lenses which is not 
shared by optical lenses; in an optical system regions of different 
refractive indices are separated by surfaces, and light beams suffer an 
abrupt ohange in direction as they cross these surfaces. In an electron— 
optical system there is a boundary zone of appreciable thickness between 
two media of different potential, and an electron beam, crossing from 
one medium to the other, follows a curved path in such zones. 

Electrostatic Immersion Lens 

Fig. 7 illustrates a typical electrostatic lens of the type commonly 
used near the cathode of a cathode-ray tube to concentrate emission 
from the cathode into a beam in the direction of the screen. The lens 
consists essentially of two conducting plates, each containing a circular 
hole, so arranged with respect to the cathode that the three electrodes 
form a system with an axis of symmetry. The electrode nearest the 
cathode is the grid, sometimes termed a modulator, and the second is 
the first anode. The shape of the electric field is also indicated, and 
from this we can deduce the shape of the paths traced out by electrons 
released from the cathode. To do this we apply the rules implicit in 
Figs. 5 and 6, nameli, that electrons travelling in the direction of 
increasing positive potential are deflected towards the normal, and those 
travelling in the direction of decreasing positive potential are deflected 
away from the normal. 

Electrons entering the field and travelling up the potential gradient 
meet equipotential surfaces of convex form; they are therefore deflected 
tewards the normals to these surfaces, and the divergent beam leaving 
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the cathode is made convergent immediately inside the lens. As the 
beam approaches the anode, however, it meets equipotential surfaces 
of concave form, ana electrons are here deflected away from the normal: 
in this region of the lens the beam is made more divergent, but, because 
of the increased electron velocity in this region, the effect is less than 
that of the convex surfaces, and the beam leaving the lens is still con-
vergent. This is therefore an example of a positive electron lens, and 
it has a focus at can be regarded as an image of the cathode at C. 

Fig. 7 may thus be regarded as an electron—optical equivalent of 
a convex lens. The simple convex lens is, however, not a perfect 
analogy, because the media on the two sides of the lens have the same 
refractive index (both being air presumably), but in Fig. 7 the potential 
near the anode is considerably higher than that near the grid. In spite 
of this, the analogy is useful, and it is helpful to remember that the shape 
of the equipotential surfaces, encountered by an electron travelling up 
the potential gradient, is also the shape of the front surface of the equiva-
lent optical system (in which it is assumed that light is travelling into a 
medium of greater refractive index). 

Electrostatic Two-cylinder Lens 

There are usually two lenses of the type shown in Fig. 7 in an electro-
statically-focused cathode-ray tube. The first is formed between the 
grid and anode as described, and the second is between the first and 
second anodes, as shown in Fig. S. The space between the second 
anode and the screen is made equipotential as far as possible by a third 
anode, consisting of a conductive coating deposited on the inside walls 
of the tube and extending to within a small distance of the screen. Such 
an electrode is known as a wall anode, and is usually connected internally 
to the second anode (to avoid the formation of a third lens between the 
second and third anodes). The focusing of the electron beam can be 
achieved by variation of the first or second anode potential. 

Symmetrical or Univoltage Electrostatic Lenses 

Another type of electron lens is that illustrated in Fig. 9, which 
consists of three parallel conducting plates with circular apertures 
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FIG. 8.—ELECTROSTATfC FOCUSING SYSTEM OF A CATHODE-RAY. TUBE. 

having a common axis. The outer plates have the same_ potential, arid 
the centre conductor has a positive or negative bias which can be 
varied to control the focal length. The diagram gives the shape of the 
equipotential surfaces for a positively-biased centre plate, and also 
indicates two typical electron paths through the lens, showing it to be 
convergent. Univoltage lenses are chiefly employed in electron micro-
scopes, but they are mentioned here as an example of an electron lens 
in which both initial and final media have the same potential. Such a 
lens corresponds very closely with a single convex optical lens in air. 

Electric Deflection of Electron Beams 

Fig. 10 illustrates an electrostatio deflecting system; such systems 
have been used in television camera and picture tubes, but are now 
chiefly employed in cathode-ray tubes for oscilloscopes. 
The electron beam is passed between two parallel plates situated 

between the electron gun and the screen. If there is no potential 
difference between the plates, the beam passes between them without 
deflection and strikes the centre of the screen (as shown by the dotted 
line), but if one plate is biased positively with respect to the other, the 
beam experiences an accelerating force in the direction of the positive 
plate (i.e., opposite to the field) and is deflected in the direction of that 
plate, as shown by the solid line. The deflection D o- the screen is 
related to the voltage V between the plates according to tL .4pproximate 
expression 

o 

ELECTRON 
PATHS 

D lL 
= 2dVe 

(2) 

FIG. 9. — SYMMETRICAL 
OR UNI VOLTAGE ELEC. 

TRON LENS. 
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ELECTRON GUN 

CATHODE RAY TUBE SCREEN 

FIG. 10.—ELECTROSTATIC DEFLECTION or AN ELECTRON BEAM. 

where Vo is the final accelerating potential of the electron gun, d is 
the spacing between the plates, / is the length of the plates and L is 
the distance of the plates from the screen. The expression shows that 
the deflection per volt applied between the plates (usually known as the 
deflection eeneitivity) is inversely proportional to the voltage on the 
final anode of the electron gun. For this reason deflection sensitivity 
is usually given in a form expressing the dependence on Ve. For 
example, the deflection sensitivity may be quoted as 450/V0 
mm./volt; if the final anode potential is 1,250 volts, the deflection is 
450/1,250 = 0.36 mm./volt. 
As shown in expression (2), the deflection sensitivity can be increased 

by increasing the length of the deflecting plates or decreasing the 
spacing between them, but both methods limit the maximum angular 
deflection of the beam. This limitation can be avoided to some extent 
by setting the plates at a small angle to one another, as shown in Fig. 11, 
in which the beam is shown deflected through the maximum angle by 
the first pair of plates. 
The two plates illustrated in Fig. 10 deflect the beam in the vertical 

direction only, and to scan a target or screen, another pair of plates is 
required to give horizontal deflection. To avoid interaction between the 
two fields, the two pairs of plates are generally mounted in tandem, as 
shown in Fig. 11. To give a rectangular scanning pattern as required 
in a television camera or picture tube, the horizontal deflecting plates 

ELECTRON GUN 

,ee 
VERTICAL DEFLECTING PLATES 

HORIZONTAL DEFLECTING 
PLATES 

FIG. 11.—ARRANGEMENT OF VERTICAL AND HORIZONTAL 
DEFLECTING PLATES IN A CATHODE-RAY TUBE. 
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FIG. 12.—ILLUSTRATING TIIE FORCES ACTING ON ELECTRONS MOVING 
IN A PARALLEL MAGNETIC FIELD. 

ELECTRONS MOVING 
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ARE NOT DEFLECTED 

are supplied with a saw-tooth voltage at line frequency and the vertical 
deflecting plates with a saw-tooth voltage at frame frequency. 

Behaviour of an Electron in a Magnetic Field 

The forces aoting on an electron travelling in a magnetic field can be 
illustrated by reference to a diagram such as that shown in Fig. 12. 
This shows a parallel magnetic field between two pole pieces, the field 
being represented by arrowed lines; these indicate, at any point in 
them, the direction in which a north magnetic pole would be urged, 
i.e., the direction cif a compass needle situated at that point. 
An electron moving parallel to the field as in the direction of the 

arrows AB or CD experiences no force due to the field, and continues 
to move in the same straight line. If the electron is moving in a direc-
tion at right angles to the magnetic field, as shown by arrow EP, it 
experiences a deflecting force at right angles to EF and to the field. 
The force, in this instance, acts downwards into the paper, and tends to 
make the electron follow a curved path in a plane at right angles to the 
paper. As the direction of the electron velocity alters, that of the force 
changes also, because the force is, at every instant, at right angles to 
field and velocity. Under the action of this ever-changing force the 
electron is forced to move in a circular path lying in a plane at right 

/PI 
"H 

FIG. 13.—PATH TRACED BY AS ELECTRON ENTERING A PARALLEL 
MAGNETIC FIELD AT AN ANGLE O. 
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FIG. 14.—AcTrox OF A LONG MAGNETIC LENS. 

angles to the paper; an attempt has been made to illustrate the path in 
Fig. 12. 
From the behaviour uf the electrons entering the field as indicated in 

Fig. 12, it is possible to deduce the path traced by an electron entering 
a parallel field at a small angle 0, as shown in Fig. 13. The eleotron 
velocity y can be resolved into two components y cos 0 parallel to the 
field and y sin O at right angles to it. The first-mentioned component 
produces a uniform motion of the electron parallel to the field, and the 
second produces motion in a circular path in a plane at right angles to 
the field. Under the combined effect of these two motions, the electron 
follows a corkscrew path similar to that shown in Fig. 13. The path is 
represented by a line drawn on the surface of a cylinder and which, after 
making each complete revolution of the cylinder, returns to the level of 
the starting point. The cross-section of the cylinder on a plane at right 
angles to the field is, of course, the circle due to interaction of e sin 0 and 
H; the projection of the electron motion on a plane parallel to the 
magnetic field is a sine wave. 

Long Magnetic Lens 

One method of focusing an electron beam by a magnetic field is 
shown in Fig. 14. This shows a tube similar in shape to some television 
camera tubes and surrounded, for most of its length, by a coil (the turns 
of which are shown in section) which carries D.C. and produces an axial 
magnetic field represented by H. The electron gun, the details of which 
are not shown, includes a cathode, aeontrol grid and a number of anodes 
consisting of plates with apertures. A wall anode is connected to the 
final anode of the gun to form a field-free space in the body of the tube 
through whioh electrons may travel at uniform velocity. The potential 
on the control grid controls the density of the electron beam, and the 
anodes have the effect of intercepting all electrons leaving the cathode 
except those which make small angles with the tube axis (and hence with 
the magnetic field). The anodes are not focusing electrodes, and the 
electrons leave the gun in the form ibf a divergent beam of small angle 
as shown. Each electron in this beam, except those parallel to the 
magnetic field, follows a path of the form shown in Fig. 13, and each 
returns to its initial level at the same distance from the gun. Thus the 
cross-section of the beam narrows to a small value, approximately 
equal to the area of the final aperture in the electron gun, at regular 
intervals along the tube axis. The envelope of all the electron paths is 
shown by the dotted line in Fig. 14, and one particular path is indicated 
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FIG. 15.—LONGITUDINAL SECTION THROJJGH A TUBE WITH A SHORT 
MAGNETIC LENS SHOWING FIELD AND A TYPICAL ELECTRON PATH. 

by the solid line. At the points B, C, D, etc., the electron beam can be 
said to form images of the initial opening A. and by -adjustment of the 
final anode potential (i.e., the electron velocity) or the current in the 
focusing coil surrounding the. tube, the intervals between the foci can 
be varied and one-of the foci can be made to coincide with the target or 
screen. This is the type of magnetic electron lens used in low-velocity 
camera tubes of the orthicon, image-orthicon and c.p.s. Emitron types. 

Short Magnetic Lena 
Another type of magnetic lens commonly used to focus the beam in 

picture tubes consists of a short solenoid carrying D.C., as shown in 
Fig. 15. Tho magnetic field due to .such a coil has the form shown; 
although it is parallel to the coil axis at the centre of the coil, it has 
marked radial components (at right angles to the axis) elsewhere. In 
this type of lens the focusing action is principally due to the radial 
components (not the axial oomponent as in the long magnetic lens). 
The mechanism of the focusing effect is somewhat complex; briefly, 
electrons entering the lens and meeting the radial field at the entrance 
are deflected at right angles to the paper and begin to spin around the 
lens axis. At the centre of the lens this motion interacts with the axial 
magnetic field to produce a force which deflects the electron towards 
the lens axis. At the exit of the lens the radial field components again 
predominate, and interaction of these with the electron velocity gives 
rise to deflecting forces, again causing a spinning motion around the 
lens axis. The radial field is, however, in the opposite direction to that 
at the lens entrance, and the spinning motion is also in the reverse 
direction, tending to cancel that produced earlier. In practice, the 
cancellation is not perfect, and the image is usually rotated through a 
small angle with respect to the inverted position, which is normal for a 
positive lens. The spinning motion is ignored in the typical electron 
path shown in Fig. 15. 
The focal length of the lens depends on the radial field compenents, 

and can be reduced (implying increased lens power) by enclosing the 
winding in a shroud of highly permeable material (such as soft iron), 
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as shown in fig. 16. f io focal length is proportional to the square of 
the current in the coil, and can thus be varied by adjustment of the 
current. Lenses of this type are used in the image section of image— 
iconoscope camera tubes. 

Short magnetic lenses often employ a permanent magnet instead of 
the electromagnet illustrated in Figs. 15 and 16, and a section through 
one type of permanent-magnet lens is given in Fig. 17. The magnet is 
in the form of a ring surrounding the tube neck, and is magnetized so 
that there is a North pole on one side of the ring and a South pole on the 
opposite side as shown. The flux is led to the tube by pole pieces in the 
form of annular rings. One of these has a larger inner diameter than 
the other, and is threaded on the inside edge so as to engage with a soft. 
iron tube which can be rotated so as to increase or decrease the air gap A. 
This gap behaves as a magnetic shunt, and by varying it the flux density 
in the tube can be controlled and the focal length of the lens adjusted. 

Magnetic Deflection of Electron Beams 

leig. Di (a) gives a theoretical diagram for a magnetic deflection 
system. Electrons are fired down the centre of the tube by an eleetron 
gun, and meet a vertical magnetic field due to the two series-connected 
coils carrying D.C. These coils are arranged one above and the other 
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FOR HORIZONTAL DEFLECTION IS SHOWN IN (b). 

below the tube, and their common axis is at right angles to the axis of 
the tube. The deflecting force is at right angles to the electron motion 
and the magnetic field, and is thus at right angles to the paper; in 
other words, this arrangement of coils gives horizontal deflection of the 
beam. 
The deflection D produced on the screen of a cathode-ray tube is 

given by 

D lL  

H = ‘/(k170) 

where H is the magnetic field in the coils, 1 is the length of the magnetic 
field along the tube axis, k is a constant dependent on the ratio of the 
charge to the mass of an electron and V, is the final anode potential of 
the electron gun. The deflection is thus linearly related to the deflect-
ing field, but is inversely proportional to the square root of the final 
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anode potential. In electrio deflection the beam displacement is 
inversely proportional to the final anode potential itself. 

Fig. IS (b) shows a practical arrangement of a magnetic deflecting 
system; the coils are of approximately square or rectangular shape, and 
are moulded to the contour of the tube to form " saddle coila ". 
Another pair of coils with their common axis horizontal is needed to 
give vertical deflection, and these coils can overlap the horizontal-
deflecting coils, as hown in the sectional view of Fig. 19. There is no 
need for the two deflecting systems to be mounted in tandem, as in an 
electrostatic deflecting system, and thus a tube with magnetic deflection 
oan be appreciably shorter than one with electrostatic deflection. The 
efficiency of a magnetio deflection system can be approximately doubled 
by the use of a tube of highly-permeable material surrounding the 
coils, as shown in Fig. 19. This tube provides a low-reluctance path for 
the magnetic flux external to the scanning coils, and the flux path for 
the vertical deflecting coila is shown in Fig. 19. 
To give a rectangular scanning patkern as required in a television 

camera or picture tube, the horizontal deflecting coils are supplied with 
a saw-tooth current at line frequency and the vertical deflecting coils 
with a saw-tooth current at frame frequency. 

Magnetic Deflection in the Presence of an Axial Magnetic Field (Ortho-
gonal Scanning) 

As mentioned earlier, low-velocity camera tubes have long magnetic 
lenses. They also have magnetic deflection systems, the saddle coils 
being inside the focusing coils, end thee the electron beam in such a 
tube is subjected to axial and lateral magnetic fields. Tho operation 
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of such a magnetic deflecting system is quite different from that just 

described. 
Consider the behaviour of an electron beam entering the combined 

field due to the focusi4; coil and a pair of saddle coils (giving a vertical 
field), as shown in Fig. 20, in which both coils are shown in section; 
The twdrfields can be combined to produce a single field inclined at an 
angle to the tube axis as shown by arrow AB. Electrons entering this 
field along the axis of the tube perform spirals around the lines of force, 
as in a long magnetic lens (Fig. 14). After they have passed through the 
lateral field, however, the electrons are subjected to the axial field only, 
and tee again deflected, emerging parallel to the lens axis but laterally 
displaced from it by a distance d (Fig. 20). A similar behaviour occurs 
with respect to the horizontal deflecting coils, which can be mounted on 
top of or underneath the vertical deflecting coils, as in Fig. 19. 
The presence of the axial magnetic field brings about two significant 

differences in the effect of the deflecting coils: 

(1) Coils giving a vertical magnetic field cause vertical deflection 
(such coils give horizontal deflection in the absence of an axial 

field).. 
(2) Coils cause electrons to suffer a double deflection, first on 

entering and then on leaving the lateral field, and as a result 
electrons approach the target at normal incidence, no matter what 
the extent of the deflection. This is known as orthogonal scanning, 
and is an essential requirement in any camera tube employing a 

low-velocity beam. S. W. A. 

COLOUR TELEVISION 

Display Devices 
Due to the fact that human colour vision is substantially trichromatic, 

it is possible to produce an illuminated patch of light of practically any 
desired colour by the superimposition of three.suitably chosen beams of 
different coloured lights having the required intensities. This is an 
" additive " colour process, and there are at least three methods of 
synthesizing any given coloured illumination: 

(i) Superimposition of the three chosen primary coloured beams, 
each having its own required intensity. This methotl is employed 
in three-tube receiver display systems in which two semi-reflecting 
or dichroic mirrors, which may, for example, be either crossed or 
in the shape of a circumflex, combine the simultaneous rasters of 
three separate cathode-ray picture tubes with phosphors which 
fluoresce red, green and blue respectively. 

(ii) Juxtaposition of the three beams if the area which encloses 
the patches of light formed by the three juxtaposed beams subtends 
such a small angle at the observer's eye that each beam is not 
separately distinguishable. This method, Fig. 21. is used in three. 
beam shadow-mask cclour picture tubes.1.2 The 21-in. R.C.A. 
version (tricolour kinescope) of -these contains a screen of 400,000 
groups of three colour-fluorescing dots of phosphor. The three dots 
in each group fluoresce red, green and blue respectively and three 
electron beams, each emerging from its own individual gun inside 
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PHOSPHOR DOTS -4----TUBE SCREEN 
(>10° ' MAO (VIEWED FROM GUN SIDE) 

AREA OF WASTtu 
ELECTRONS DUE TO 
OVERSIZED BEAMS 

DIRECTIONS OF 
ELECTRONS IN 
THE 3 BEAMS 

SHADOW MASK 

HOLES (> 4 x 10 TOTAL) 

3 ELECTRON BEAMS 
FROM GUNS 

FIG. 21.—THREE-GUN DISPLAY TUBE USING SHADOW OR APERTURE MASK. 

the tube, are so directed that each beam impinges upon only one 
coloured dot in each group. There are thus effectively a red, a blue 
and a green gun operating simultaneously. The modulating elec-
trodes of the guns may be supplied with primary-colour information 
just as would be done in the case of the three-separate-display-tube 
system described in (i). What may be an improved version, with 
curved rather than flat shadow-mask, is known as the colortron.2 

(iii) Sequential presentation of the three primary beams of 
coloured light at a rate sufficient to overcome brightness flicker. 
With present-day phosphors the minimum acceptable presentation 
frequency for brightnesses up to about 12 ft.-lamberts is 50 cis. 
If consideration be given to a field-sequential system of colour tele-
vision, then the transmission of an object having a colour requiring 
the transmission of one only of the three chosen primaries will give 
rise to a signal which will. be presented at a third of the total field 
frequency; thus each primary-colour signal must be presented at 
a frequency of at least 50 cis, and if three different primary-colour 
signals are presented in successive fields, then a total field frequency 
of 150 c/s ir required. It might be thought that, with a field 
sequential three-tube display, it would be legitimate to use long-
persistence phosphors to abate the flicker, but this is not so because 
of the " colour poisoning" which would result from the afterglow 
of one colour phosphor being superimposed upon the colour being 
presented in the succeeding field by another phosphor. The classic 
field-sequential display is the single tube having a " white" 
phosphor emitting an adequate quantity of light at all wavelengths 
in the visible spectrum (400-700 mg). Immediately in front of 
the picture-tube screen is interposed a disc having a suitable 
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number, say six, of gelatine colour filters of suitable density/light 
wavelength characteristics. If the disc rotates at 1,500 r.p.m. 
and is synchronized in phase as well as frequency with the television 
field-synchronizing pulses, then correct colour sequence will be 
obtained. 

Combination Methods 
Display systems which make use of more than one of the above 

methods exist. The single-gun horizontal-line-screen post-deflection-
focusing tube known as the chromatron or Lawrence tube 3 can employ 
a rapid sequential presentation of coloured fluorescence from closely 
" packed horizontal lines of three phosphors, Fig. 22. . Here, juxtaposition 
can be combined with -rapid (more than I Mc /s) sequence. Beam-
indexing picture tubes are the subject of research at the present time. 
To avoid the power 'required to deflect electrostatically a single beam on 
to an appropriate colour-fluorescing line of phosphor when the beam 
electrons are close to the screen, it is possible to arrange the lihes of 
phosphor vertically, i.e., at right angles to the scantling lines. By the 
use of a signal generator built into the screen, e.g., a colour-sensitive 
photo derice 4 which emits a pulse each time one of the colour phosphor 
strips is being bombarded by the beam, it is possible to switch the 
control electrode of the single gun to the appropriate primary colour-
signal channel. The availability of a pulse which denotes the time at 
which the scanning beam is in a given position in any one tricolour 
group of phosphor dots or lines opens a wide rango of possibilities for 
feedback or servo-control of beam position : extreme line-scan linearity 
ceases to have such vital importance. Present receiver practice in the 
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U.S.A. uses exclusively the three-gun shadow-mask type of tube, but 
this may well not be indicative of future trend. 

All the above display means may be used whether the transmitted 
signals are simultaneous, in rapid sequence, or in slow sequence such 
as field sequential, so that the type of transmission is not of necessity 
tied to the display means. This is not to say that greater efficiency 
and economy cannot be achieved by so doing.5 

Transmission Systems 

The question of " compatibility" is one to which much importance 
is attached. A colour television system is said to be fully compatible 
when colour signals transmitted by it through existing black-and-white 
,transmissiori equipment can be received not only by colour receivers 
in colour but also by existing black-and-white sets in black-and-white. 
It will be noted that this definition requires the colour transmission to 
occupy the same band-width as the black-and-white transmission with 
which it is compatible as well as to have the same scanning standards. 
There are many forms of partially compatible systems, e.g., one in 
which a signal containing information about colour is sent outside the 
black-and-white band-width. 
Of completely incompatible systems, the classic one uses the field-

sequential method. Here, the scanning standards are quite different 
from black-and-white; field and line-scan frequencies being three times 
the black-and-white standards. Band-width for equivalent definition 
is likewise three times the normal. Such a system would have to be 
built up in the U.H.F. band for lack of adequate band-width in Bands 
I and III. Although it would appear that this system is now unsuitable 
for broadcasting, but not necessarily for closed-circuit or industrial or 
medical colour television, it has the advantage of being time multiplexed 
in contradistinction to frequency multiplex on the one hand, or separate-
channel working on the other: each of the three colour fields passes 
through the » Me channel, so that exact matching of three channels 
often containing non-linear circuits is not required, as it is in parts of 
some simultaneous systems. The very considerable difficulties asso-
ciated with precise alignment of cameras which are required for three-
tube simultaneous operation has led to a scheme known as the chrome-
coder, which is described later. 
The only nationally adopted colour television system is the American 

National Television System Committee (N.T.S.C.) system, which is, at 
least nominally, fully compatible. This will be described with reference 
to tentative British figures scaled from the U.S.A. standards adopted 
by the Federal Communications Commission (F.C.C.). If it is assumed, 
that present black-and-white pictures are panchromatic, then they 
represent the brightness or luminance component of the light ieflected 
from the scene to be televised; thus a compatible colour system must, 
as its prime condition, transmit a luminance signal. 

Colorimetry 

The coloured light which illuminates the television pick-up device 
can be adequately described, as has been said, by specifying the amounts, 
fluxes (in lumens) of three suitable primary coloured lights which would 
be required to synthesize it, and in fact any colour-television system 
must start and finish with three primary beams—after analysis at the 
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pick-up device and before enthesis at the display device. In between 
analysis and synthesis, however, the three primary signals may be 
coded and decoded in any suitable manner, and.it is at this stage that 
an examination of some of the properties of human colour vision becomes 
most profitable. If we assume that the colour-addition properties of 
the eye are linear,' then any linear transformation of the, say, red, 
green and blue primary signals will give rise to three new signals of 
equal validity. The idea of panchromaticity necessitates the concept 
of brightness or luminance as distinct from colour or chrominance. The 
luminance of a patch of colour light is simply a measure of the radiant 
power coming from it after passage through a transmission filter having 
a transmission/light-wavelength characteristic equal to that of the 
" standard eye ". This is called the photopic curve. Luminance is 
thus what remains of a quantity of light after chrominance has been 
removed. Chrominance can be separated into two components; con-
veniently, hue and saturation. Hue is measured by the dominant 
wavelength or the wavelength of a monochromatic radiation which 
when added to a suitable amount of a standard achromatic " white " 
will match the coloured light. Saturation is the ratio of the photo-
metric flux (in lumens) which would be required from a source at the 
dominant wavelength to the sum of the fluxes required from a neutral 
or achromatic source and the source at the dominant wavelength for 
n.atching the given sample of light. A 100 per cent saturated colour 
has, therefore, no grey in it (although its constituent light has luminance) 
and is, in consequence, a dominant hue. A colour of 0 per cent 
saturation is grey, and is thus achromatic. 
Thus a quantity of coloured light can be described either in terms of 

three quantities of primary coloured lights of suitable spectral distribu-
tion or in terms of luminance, hue and saturation or luminance and two 
chrominance components. Now the advantage of the latter descriptions 
is that they correspond with certain subjective properties of colour 
vision. First, the eye is far more sensitive to luminance flicker (at 
constant chrominance) than it is to chrominance flicker (at constant 
luminance). Unfortunately, no method of taking advantage of this 
has yet been devised. Secondly, the eye is far more sensitive to bini.11-
area luminance changes than it is to small-area chrominance changes. 
This means that fine detail (viewed at a certain distance) consisting of, 
say, black and white bars will be clearly discernible, whereas the same-
sized pattern will not be visible at all if it consists of, say, green and 
red bars of the same brightness or luminance. This leads to the 
important conclusion that chrominance information can be sent in a 
narrower band-width (coarser detail) than luminance without any 
visible effects.7 It has also been found that any medium-small patch 
of coloured light can be matched by two primary coloured lights of an 
orange and a cyan (blue-green) hue respectively.'," Thus a system 
which derived the most benefit from the foregoing knowledge would 
transmit as a full three-colour system in large areas, a two-colour system 
in areas of medium size and a no-colour black-and-white system in small 
areas. Translating this into practical terms, we might choose to send 
full three-colour information in a video band-width of 340 kc/s, two-
colour information in a 1-Mc/s band and luminance information only, 
in the full 3-Mc /s band in accordance with present practice. 

It has also been shown le that interference from random noise with 
chrominance, at constant luminance, is considerably less visible than 
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interference with the luminance channel. It is, therefore, to be expected 
that colour television, if the system is a constant-luminance one, will 
suffer scarcely any more than black-and-white television from noise 
disturban ces. 

The N.T.S.C. System Sealed to United Kingdom Standards 

The result of the processes described above is termed " band saving ", 
because if the signals representing the luminance and the two chromi-
nance componente are each sent through separate channels the total 
band-width will be 3 + 1 + 0.34 4.34 Mu/s instead of the 9 Mc /s 
which would be required feor a non-coded three-channel system or a 
sequential system. 

The luminance signal may be obtained from the three primary signals 
by adding them together in the proportions in which each one of them 
contributes to the brightness of a panchromatic, achromatic or grey 
signal. Thus, if one lumen of grey (at a colour temperature of, say, 
8,500° Kelvin) can be synthesized by the sum of 0.3 lumens of the 
chosen red primary, 0.59 lumens of the green and 0.11 lumens of the 
blue at the display screen, then the luminance signal can be constituted 
as 

0-3R + 0.59G + 0.11B   (1) 

where R, G and B are the voltages or currents, functions of time, 
obtained when a coloured scene is scanned by three simultaneous pick-
up tubes. If we subtract the luminance signal from any one of the 
primary signals we obtain a colour-difference or chrominance signal 
from which brightness has been removed. Thus, two suitable chromi-
nance signals are 

R — Y 0-7R — 0.590 — 0.11B   (2) 

B — Y = —0.3R — 0-59G + 0.89B   (3) 

As we have already seen, a third chrominance signal is unnecessary 
because it is necessary to transmit only three signals: R, G and B or 
linear transformations of them. Nevertheless, the colour-difference 
signal 

— Y —0.2 (B — Y) — 0.51 (R — Y) . . . . (4) 

is useful in some receivers where the three colour-differenco sign .3 given 
by equations (2), (3) and (4) are put on to the grids of the three electron 
guns whilst a ( — Y) signal is put on to the three cathodes. In this way 
the transformation from colour-difference signals to colour-primary 
signals takes place in the electron beams of the three-gun tube. The 
processes of combining and decombining the three primary signals into 
luminance and chrominance signals, and vice versa, are sometimes called 
matrixing, since they. correspond to the operation of three-line and 
column linear mathematical matrices. We shall have made maximum 
use of band saving if we transmit Y, R — Y and B — Yin band-widths 
of 3 Mc/s, 340 kc /s and 340 lic/s respectively, but we shall not have 
allowed the eye the benefit of a two-colour (orange—cyan) system in 
medium-fine detail. This feature can be achieved by changing the two 
chrominance signals into linear transformations of two of the colour - 
difference signals in such a manner that each chrominance signal 
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represents colour at constant luminance along an axis in the chroma-
ticity diagram 6.5 joining a dominant hue with its complement and 
ensuring that one of these axes is the orange-cyan line. This implies 
that the amplitude of a chrominance signal is a direct measure of the 
saturation of a transformed primary colour hat ing a constant dominant 
hue and variable saturation. For instance, the chrominance signal 
lying on the orange-cyan axis, which will be referred to as the I com-
ponent of chrominance (in place of R — Y), is positive when an orange 
scene is being transmitted, negative for a cyan scene and zero for a 
grey scene: Similarly, the other chrominance component, known as 
the Q signal (in place cn B — Y), is positive for a magenta scene, 
negative for a green scene and zero for a grey scene. Now, if we transmit 
the Q signal through a 340-kc/s band-width and the I signal through a 
1-Mc /s band-width, we shall have a full three-çolour system down to a 
detail size of nine picture elements cor-esponding to 340 keis, and a 
two-colour system for smaller detail down to three picture elements in 
size corresponding to 1 Mc/s, whilst for detail corresponding to between 
one and three picture elements only the luminance signal will remain 
and so such detail will be reproduced in grey. Thus, an abrupt transi-
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tion in the scene from, say, a lemon yellow to a blue at constant lumi-
nance would commence with the correct yellow, but as the Q chromi-
nance component has a limited band-width, the colour would veer 
towards the desaturated orange until the I component band-width 
attenuated it and then a grey imerspace would be visible upon close 
inspection. This would give way to a dç.daturated cyan as the I com-
ponent returned, and this would finally be replaced by the correct blue 
as the Q component returned to complete the three-colour display. It 
should be noted that because all the band-width limitation is effected 
upon chrominance signals at constant luminance instead of upon pri-
mary signals tarrying luminance information, there is no defect corn. 
parable with chromatic aberration. 
The I and Q components, being linear transformations of B — Y and 

R — Y, may be expressed in terms of the primary signals thus: 

0.6R — 0-27G -; 0-32B   (5) 
Q = 0-21R — 0-520 + 0-31B   (6) 

We have seen how the maximum band-saving consistent with the 
colour-vision properties of the eye can be achieved. We now examine 
the method of modulation used for the chrominance components in 
order that " band sharing" shall be accomplished with minimum 
interference, thus enabling more or less complete compatibility to be 
achieved. 
The method adopted, Fig. 23, is to modulate the I and Q signals on 

to two suppressed sub-carriers in quadrature. This results in two 
double-sideband suppressed-carrier systems in quadrature, with no cross-
talk between the two sets of sidebands. However, although the Q 
sidebands aro transmitted without as-,mmetric attenuation, the I sup-
pressed-carrier system is transmitted in an asymmetric-sideband 
fashion, only the lower set of sidebands extending beyond 340 kcjs to 
1 Mc/s. This would cause cross-talk, Fig. 23(b), into the Q channel, 
were it not for thé fact that the Q signal does not exist in the 340 kcjs 
to 1 Mc/s cross-talk region and can therefore be protected by selectivity. 
It will be seen that the sub-carrier carrying the chrominance components 
is situated within the normal black-and-white or luminance video band, 
Fig. 24, and, of course, interference results. This is the result of band 
sharing. The interference can be eliminated in new receivers, whether 
monochrome or colour, by the insertion of a narrow-band elimination 
or notch filter in the receiver luminance channel. In receivers already 
in use, the interference cannot be affected, but it is abated in the 
transmission by arranging that the sub-carrier frequency is locked to 
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an odd multiple of half the line-scan frequency. This effects a partial 
cancellation of the beat-frequency pattern arising from the chrominance 
signal on homologous lines of alternate field a. 

This method of quadrature modulation requires synchronous detec-
tion in the receiver: ordinary envelope detection would not be capable 
of separating the two quadrature components. The process, Fig. 48, 
of extracting the chrominance components consists of, first, selecting 
the chrominance signal from the composite video signal by means of 
bandpass filters, and then feeding it into two separate channels, in one 
of which it is multiplied by a reference signal (obtained by means to be 
described) having the same frequency and phase as those of one of the 
quadrature components of the suppressed sub-carrier, and in the other 
it is similarly multiplied by a reference signal having the same frequency 
and phase as those of the other of the quadrature components of the 
sub-carrier. Thus the / or " in-phase ' ehrominance component will 
be obtained from one channel whilst the Q or " quadrature" component 
will be found in the other. A matrix unit which is basically a set of 
potentiometers then reverses the processes described by equations ( 1), 
(5) and (6) and the original primary signals R, G and B are finally 
obtained. 

There are several methods of locking the receiver synchronous detec 
tkion reference oscillator in frequency and phase to a reference signal. 
The crystal and automatic phase-control feedback loop is perhaps the 
best example. The reference signal consists of a " burst of eight 
cycles of a sine-wave of sub-carrier frequency and phase transmitted in 
each post line-synchronizing suppression period. The amplitude of the 
" burst " sine-wave is half the magnitude of the synchronizing pulses, 
and its mean value is situated upon suppression or electrical black level. 
It has been shown 11 that eight cycles of reference " burst " repeated in 
every line-suppression interval is adequate to lock a local oscillator to 
within -1-5° r.m.s. when the peak-white signal to ran.s. noise ratio is 
10 db. An effective band-width in the automatic-phase control-loop 
circuit of the local oscillator of about 100 ci's is required if phase lock 
to within ± 5° is required in conditions of such high noise level. 
We can now write introductory expressions for the composite " video 

signal: 

M = Y +/ cos (we + 33') Q sin (toot ± 33°) . . . ( 7) 

remembering that the video components of Q only exist for frequencies 
below 340 kc/s whilst those of / exist for frequencies below 1 Mc/s. 
cuol2ir is the chrominance sub-carrier frequency. Below 340 kc/s, where 
a full three-colour system is available, we may replace / and Q by their 
linear transforms R — Y and B — Y, thus obtaining an equivalent 
formula 

M = Y + 0.88 (R — Y) cos coot ± 0.49 (B — Y) sin abot . • ( 8) 

In fact, the 33° in equation (7) is the angle through which it was 
necessary to rotate the vector R — Y in order to superimpose its chro-
maticity equivalent upon the orange-cyan chromaticity axis. 
So far, the N.T.S.C. system has been explained as if luminance and 

chrominance were transmitted without error, but this is not, in fact, 
entirely the case. It will be remembered that all picture-tube bright-
ness /control-electrode characteristics approximate to a simple power 
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TABLE 2.—MAGNETIC POWDER CORE MATERIALS 

Material 
Relative 
Palma-
batty 
(Me) 

Elr -trolytic iron, < 123 
mesh 

Carbonyl-iron, E type 

Carbonyl -Iron, P type 
(sperial fine particle 
size) 

Ifydrogen-reduced iron 

16 

12 

10 

Less Factor» 

a x 10, C x 10, e x 101, 

Application: 

250 1,200 

3 200 

2 100 

20 50 760 

200 

2 

<2 

30 

(Little used.) 

Radio frequencies: first-
grade cores. 

Radio frequencies (above 
10 MOO. 

Radio frequencies, where per-
meability more important 
than losses, permeability 
tuning, etc. 

facture. Since they are made from finely divided oxides mixed with a 
binding agent, compressed and baked, the mechanical properties depend 
to a large extent upon the nature of the binder, the amount of com-
pression and the subsequent heat treatment. In general, however, the 
ferrites are hard and brittle, and are frequently classed as ceramics. 
The high electrical resistivity of the ferrite magnets and their con-

sequent low eddy-current losses in alternating fields make them very 
suitable for providing a polarizing field in inductors and transformers. 
Examples are unidirectional pulse transformers, polarized relays, and 
microphone and telephone units. A further advantage is the com-
' paratively short length of magnet required, leading to a reduction in the 
effective air gap introduced into the transformer. 
Because of thGir resistance to demagnetization by external fields, 

ferrite magnets can be used in opposing pairs to provide a field of 
strength variable with their relative position. This principle has been 
used in the focusing of television receivers, and could be applied also to 
the control of inductance in variable reactors. 

Magnetic Powder Cores 

The original commercial application of magnetic powder cores was for 
telephone loading coils. Powder cores in radio receivers can supply the 
need for high-Q inductors for tuning circuits, but their use is based more 
on economic considerations in providing a given selectivity at less 
expense or in a smaller space. 

For broadcast frequencies and above, small cores of a variety of 
shapes and sizes are used, giving similar Q-values, reduction in size being 
possible because of the preponderance of eddy-current losses at high 
frequencies, for which the effective resistance is independent of core 
dimensions. For the lower radio (i.e., broadcast-receiver intermediate) 
frequencies or for high-frequency carrier telephony, a compromise is 
often made in the form of cores completely or partially shrouding a 
winding. 

Besides these main functions of powder cores, subsidiary but im-
portant uses have developed, mainly in the radio-frequency fields. 
These depend on the possibilities of inductance variation by the relative 
motion of core and coil. There are inherent limitations on the range of 
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possible adjustment; because the toroidal form is impossible, only a 
fraction of the effective permeability • of the core materials can be 
utilized. Where the maximum range is desired, it is necessary to use a 
cylindrical core with a large length/diameter ratio, which restricts the 
Q-value. However, cores giving an inductance ratio of 10;1 have been 
successfully made for radio-receiver tuning. 

High-permeability Powder Cores 

Attention has recently been given to the development of powder 
cores of specially high permeability, at the expense of increased losses. 
Such materials may be made from inexpensive but readily compressible 
and relatively coarse iron powder, sometimes in the form of flake. 
They have uses at power frequencies as inexpensive replacenients for 
silicon iron (Stalloy) stampings in small transformers, reactors, etc., in 
which power -loss is unimportant. They also bridge the gap between 
dust cores and normal laminations: In general, their hysteresis losses 
are high compared with those of silicon iron and similar laminations, 
but eddy-current losses are reduced. An important application in 
television receivers is to line-frequency transformers for providing the. 
E.H.T. voltage. A high permeability is required to obtain adequate 
coupling, and under these circumstances lower losses can be obtained 
than with silicon-iron stampings. Another use is for the moulded pole 
pieces for electromagnetic deflectors for television cathode-ray tubes. 
A typical selection of coils and cores is shown in Fig. 4. 

Ferro-ceramic Beads 

There are a number of applications in radio and television receivers 
for small beads, in the form of short tubes about 3 mm. in length with 
an outside diameter of about 3-5 mm., of ferro-ceramic material, e.g.. 
Ferroxcube. The beads are slipped over the appropriate lead, and held 
in place, if necessary, by a. small piece of sleeving. The effect of the 
bead is to increase the inductance and H.F. resistance offered by the 
wire on which it is threaded. The increased H.F. resistance is useful 
for decoupling purposes, and, when the bead is threaded on the grid 
lead, for suppressing parasitic oscillation. A common use is for de-
coupling heater wiring in Band II radio tuners and Band III television 
tuners, H.F. reactance being added at no-increase in the D.C. resistance. 

Microwave Unidirectional Ferrite Elements 

Several unidirectional waveguides and isolators which form a con-
venient means of isolating micro-wave circuit elements to reduce the 
effect of reflection caused by mismatch have been marketed. These 
isolators depend for their operation on the non-reciprocal behaviour of 
ferrite materials at micro-wave frequencies. This pr9perty is caused 
by the phenomena of gyro-magnetic resonance exhibited when a sliver 
of ferrite is placed in a waveguide and subjected to a transverse magnetic 
field. This has tho property of attenuating a wave propagating in one 
direction but not, one propagating in the opposite direction. A typical 
X-band isolator provides an isolation of about 20 dB for an insertion 
loss of less than 1 dB. 
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law of exponent between 2 and 3, and to ensure a linear overall scene-
to-viewing-screen contrast law, the transmitted signal is " gamma 
correçted " by being•raised to about the 1/2-5 power in all black-and-
white systems. An ideal compatible colour system would send a 
gamma-corrected luminance or Y signal just as in monochrome practice, 
but to avoid considerable extra complication in oolour receivers, the 
N.T.S.C. luminance signal, instead of itself being gamma-corrected, is 
composed of gamma-corrected primary signals: Ruy, /31/Y, Gliv. This 
results in the transmission of saturated colours with inadequate lumi-
nance components, the missing luminance information finding its way 
into the chrominance signal which is relatively narrow band. Black.: 
and-white receivers would thus show a compatible picture which would 
be non-panchromatic in that the more saturated the colour at the 
transmitting end of the broadcast the lower would the brightness allotted 
to it. Colour receivers would regain the missing luminance information 
from their chrominance channels, except in fine and medium-fine detail 
requiring a band-width greater than those possessed by the ohrominance 
channels. These effects are quite visible for really saturated blues and 
reds; so much so, that for saturated colours it is scarcely possible to 
distinguish between a transmission hi which the I signal is given its full 
1-Mc/s band-width and one in which the I band-width is reduced so that 
it is the same as that for the Q signal (340 kc/s). This failure of the 
application of the constant-luminance principle rapidly ceases to have 
much significance when colours of normal saturations are reproduced. 
To indicate that gamma-correction is applied to the primary signals 

before they are coded or matrixed into luminance and chrominance 
signals, the Americans use primes; thus primes would be added to the 
letters R, G, B, I, Q, Y and M in equations ( 1) to ( 8). 

Pick-up Devices 
In the present state of the art these can be subdivided into slow. 

sequential and simultaneous. 

(i) The slow-sequential method of pick-up has been used for 
some time for experimental field-sequential systems of colour tele-
vision. It consists of interposing between the optical lens and the 
photo-cathode or photo-sensitive surface of a camera tube a rotat-
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ing disc carrying translucent colour filters in the same way as 
described under " Display Devices" method (iii). Care must be 
taken to avoid colour poisoning resulting from any persistence or 
memory of one colour field being carried over into the next due to 
the storage properties of the pick-up tube. The clumsiness of the 
rotating-disc method of colour synthesis is much less when the 
same method is applied to analysis at the transmitting end of the 
broadcast. This is because of the much smaller size of the photo-
sensitive surface of a pick-up tube in comparison with the size of 
a phosphor screen in a viewing or picture tube: much smaller 
rotating discs can thus be used for cameras than is possible for 
receivers. 

So convenient is the sequential method of analysis when com-
pared with simultaneous means that, in spite of the degradation 
caused to any television signal by present techniques of" standards 
conversion"," a device known as the chromacoder, mentioned 
under " Transmission System ", is being tried out in the U.S.A. 
in place of a three-tube camera for simultaneous colour television 
(in fact the N.T.S.C. system). The method is to analyse sequen-
tially the scene to be televised and to " gate " each of the three 
sequential fields on to the control electrode of each of three stan-
dards-converter display tubes. Three low-velocity pick-up tubes, 
for preference orthicons (on account of their stable " black " level), 
are used to convert the field-sequential displays to simultaneous 
signals: a red, a green and a blue. These standarda-converted 
simultaneous signals can then be used for simultaneous colour 
television. 

(ii) Three-tube cameras" employing three image-orthicons are, 
at present, the usual live pick-up devices used. Owing to the 
programme requirement for a multi-lens turret, a light-relay" 
system is employed, and this contributes to a loss of sensitivity 
which, when coupled to the need for operating the camera tubes on 
the linear portions of their transfer characteristics, results in the 
need for a tenfold increase in studio lighting-400 ft.-candles. 
Dichroic-mirror filters are used for splitting the incident beam of 
light representing the scene to be televised into the required three 
primary beams which in turn feed the three camera tubes. 

A bright future is claimed for cameras using vidigon pick-up tubes 
based on photo-conductivity rather than on photo-emission. It has 
been suggested that cameras using less than three tubes may be 
developed. 
For film-scanner use both the flying spot system with three photo-

multiplier tubes and dichroic beam-splitting mirror-filters and the three-
vidicon " pulsed-light methods are used. Considerable competition 
between these two methods seems likely in the future. 

Light-analysis Filters 

The need to analyse the light incident upon the image pick-up device, 
be it camera or film scanner, into three primary-coloured beams is 
common to all television picture sources. 
The spectral transmission characteristics of the analysis filters must, 

to take a film scanner for exampie, be such that, in combination with 
the spectral distribution of the light from the flying spot tube and the 
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spectral sensitivity curve of each of the pick-up photocells, the correct 
signals emerge from each photocell head amplifier. The variations of 
these signals with scene brightness and colour must depend directly upon 
the choice of primary phosphors (red, green and blue) in the display 
system. Once these receiver-tube screen phosphors have been chosen 
and their chromaticities determined, the analysis filters at the picture 
source become likewise fixed. All colour-television receiver display 
chromaticities must be identical to those upon which the picture-source 
spectral sensitivities were based. The method of finding what spectral 
distribution characteristics the flying-spot-tube-cum-analysis-filters-
cum-photocell combination should present is, at least theoretically, 
quite simple. It consists of finding, in principle by observer tests, what 
quantities (in lumens) of each of the three receiver primary lights are 
required to match (visually) given quantities of light at each wavelength 
in the visible spectrum. Usually an equal-energy spectrum is assumed, 
that is, one in which the energy density (per unit wavelength) is uniform. 
The spectral distribution for the red channel (including flying-spot tube, 
analysis filter and photocell sensitivity) will therefore be proportional to 
the curve showing the amount of red receiver primary which, when 
added to suitable proportions of the green and the blue, will match each 
visible wavelength; similarly for the green and the blue channels. 
The application of the above description to a colour camera as distinct 

from a colour-film scanner will be evident. 
R. D. A. M. 
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3. MATERIALS 

MAGNETIC MATERIALS 

The improved performances achieved by the use of anisotropie alloys 
and the reduction in size and scaling down of other parts which this has 
made possible have led to their almost universal adoption for magnets 
for loudspeakers, microphones and for the focusing of television tubes. 
Loudspeakers of the moving-coil type, which have a diaphragm to 

which is attached a light coil arranged to move freely in the annular 
air-gap of the magnet, usually employ a permanent magnet, generally 
of one of the types shown in Fig. I. 
The first of these uses a ring of magnet alloy magnetized axially, 

clamped between mild-steel pole pieces as shown. Tho efficiency 
reckoned as the ratio of flux in the- Op to total magnet flux is about 
40 per cent, falling as the gap field exceeds 1 Wb /cu. m. (10,000 gauss). 
'The slug or central-pole type is shown in Fig. 1 (b), and comprises a 
magnet block surmounted by a cylindrical soft-iron tip, the whole being 
fixed into a cup or yoke with a front plate to form the outer gap face and 
return circuit for the flux: the maximum efficiency is around 55 per 
cent. A modification of this type, Fig. 1 (c), uses a centre pole which is 
completely magnet alloy. Efficiencies as high as 65 per cent are 
obtained within a very limited range of gap flux density, using Alcomax 
or Ticonal, which is directionally magnetized so that the flux lines, 
normal to the axis throughout the greater part of the centre pole, are 
turned through 90° in the vicinity of the air-gap. These last two types 
are widely used in television receivers, for which they are particularly 
suitable. owing to their almost èomplete lack of external leakage field, 
due to the shielding effect of the soft-iron cup or yoke. 

Various assembly methods are used; ring types are invariably 
clamped with screws as shown; centre poles may be screwed, soldered 
brazed or held solely by magnetic attraction. In this latter case a 
positioning device for centralizing the centre pole is necessary. Micro-
phone magnets of the moving- coil type utilizo a magnet essentially 

RING MAGNET CENTRE-ROLE MAGNET 

(a) ( (e) 
FIG. 1.—TYPICAL FORMS OF LOUDSPEAKER MAGNETS. 
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SOFT- IRON 
POLE PIECES 

FIG. 2. —TYPICAL RIBBON•T Y PE 
MAGNET FOR LOUDSPEAKEBS. 

— RING 
MAGNET 

MILD STEEL 
POLE PIECES 

FIG. 3.—TYPICAL MAGNETIC 
FOCUSING ASSEMBLY FOR A 
TELEVISION IL:ATM/DE-RAY 

TUBE. 

similar to that of a loudspeaker. Ribbon types use magnets similar to 
those shown in Fig. 2. 

Focusing magnets for cathode-ray tubes use magnets basically of the 
form shown in Fig. 3. Flux densities at the centre of the annulus of. 
the order of 0.02-0,03 Wb/cu. m. (200-300 gauss) are usual. Magnets 
of short length are required because of space considerations, and since 
they usually work on almost open magnetic-circuit conditions, and 
consequently have a low permeance, the alloys having very high 
coercivity, such as Alcomax III, IV or Hycomax, are most suitable. 
Permanent magnets are also used for the purpose of picture centring 

in television receivers. In one common device, a small Alnico magnet 
is attached to mild-steel pole-pieces which are formed to surround the 
neck of the picture tube. Rotating the whole assembly adjusts the 
direction of the field of the magnet. Rotating the magnet in relation to 
the mild-steel pole-pieces, from a position at which the poles of the 
magnet are in line with the mild-steel pole-pieces (minimum strength) 
to one where they bridge the mild-steel pole-pieces (maximum strength), 
adjusts the field strength. The electron beam in the tube is centred 
by a combination of the effects óf field strength and direction. An 
alternative system, especially suitable for 110-degree picture tubes, is 
to use two sheet steel magnets. These are magnetized diametrically, 
each being the equivalent of two C-shaped magnets in parallel. The 
field strength ir. ale region of the electron beam can be varied from zero, 
when the two magnets have unlike poles adjacent, to a maximum when 
they have like polos adjacent. Rotating the two magnets together 
provides the means of adjusting the direction of the field. 

Ferrites 

The ferrites used for permanent magnets consist of mixed oxides of 
iron and one or more other metals, the heat treatment of the mixed 
oxides producing complex crystals with the required magnetic 
properties. 

From the point of view of mechanical properties, ferrite magnets 
vary considerably, according to their particular method of manu-



TABLE 1.-- COMPARATIVE TABLE OF BRITISH PERMANENT MAGNETS 

M aterial 
(BI!) 
M ax. 
x 10. 

Ticonal OX t 
Ticonal CI . 
l'icone! O . 
Ticonal L . 
A leomax Ill. . 
Ticonal F (44/44) . 
Ticonal 11 . . 
A lcomax I V 
Alcomax ri. . 
Ticonal S . . 
Ticonal 5 (42/50) 
Tieonal D t7•8) . 
Tieohal K . . 
Alcomax I . . 
lIyeomax . . 
llagnadur 2 (blue/ 

red) . • . 
Itagnadur 3 (blue/ 
orange) . 

7.5 
5.7 
5.0 
5.5 
5.0 
4.8 
4.5 

4. 
4- 1 

4.2 
I•1 
3.8 
3.6 
3.5 
2.8 

2.5 

2.25 

B, 
Gauss 

lie 
Oersted Ba lia 

13,500 
13,480 
12.500 
14,000 
12,500 
12,400 
11,800 
11,200 
12.400 
11,070 
11,07) 
12,000 
8,500 

12,000 
8,500 

3,600 

3,000 

720 
583 
• 680 
575 
670 
600 
770 
750 
575 
620 
710 
600 

1,150 
475 
790 

1,400 

1,900 

12,000 
11,000 
9,620 

12,000 
9,680 

10,000 
8,270 
8,000 
9,570 
8,830 
7,500 
9,000 
4,650 
9,500 
5,500 

2,200 

1,600 

625 
520 
520 
160 
516 
480 
545 
537 
450 
470 
550 
420 
775 
370 
500 

1,135 

1,400 

Recommended 
Saturation 
Values • 

Boat 
Gauss 

17,000 
17,000 
17,000 
17,000 
17,000 
17,000 
17,000 
17,000 
17,000 
17,000 
lu,000 
16,000 
15,000 
16,000 
15,000 

16,800 

18,400 

Hast 
Gauss 

.Normal Composition 
(Ra/ana Fe) 

Approximate 
Heat 

Treatment • 

3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
3,000 
6,000 
2,000 
3,000 

14,000 

14,000 

(M u/lard Ltd.) 

8 Al, 14 Ni, 24 CA, 3 Ou 
8 Al, 14 Ni, 24 Co, 3 Ou 
S Al, 14 Ni. 24 Co, 3 Cu 
7 Al, 14.5 Ni, 19.5 Co, 1.5 
8 Al, 13 Ni, 24 Co, 3 Cu, 1 Ob 
8 Al, 14 Ni, 24 Co, 3 Cu, 0.5 Ti 
8 Al, 14 Ni, 24 Co, 3 Cu 
8 Al, 11-5 Ni, 24 Co, 6 Cu, 2 Ob 
8 Al, 11.7 Ni, 24 Co, 6 Cu 
8 Al, 14 Ni, 2 t Co. 3 Cu 
8 Al, 14 Ni, 24 Co, 3 Cu, 1.5 Ti 
8 AI, 14 Ni, 24 Co, 3 Cu, 1.0 Ti 

8 Al, 11.7 Ni, 24 Co, 3 Cm 
8.5 Al, 21 Ni, 20 Co, lb Cu, 1-5 Ti 

BaFe,,O,, 

BaFe,,O,, 

H eat approx. 
1250° C. 

Cool in 2-15 min. to 
to 600° Ç. in mag-
netic field 

Temper approximate 
550-650' C. be-
tween 4 and eo 
hr. depending up-
on type 

R
A
D
I
O
 
A
N
D
 
T
E
L
E
V
I
S
I
O
N
 
R
E
F
E
R
E
N
C
E
 
B
O
O
K
 



TABLE 1 (contd.) 

Material (BB) 
Mar. 
X 10' 

ice° 2A . . 
Item 3A . . 
Alnico (high Br) . 
A laic° . . 
Alnico (high He) . 
Ilynico . 
Aloi (high Br) . 
Aloi . . . 

Aloi (high Ile)limitai . 
. . 

31 .amiadur 1 (blue/ 
brown) . . 

35% cobalt steel . 
15% cobalt steel . 
9% cobalt steel . 
6% cobalt steel . 
3% cobalt steel . 

tunrsten steel . 
e u chrome steel . 

1-92 
1.7 
1.7 
1.7 
1.7 
1.63 
1.25 
1.25 
1.25 
1.15 

0-95 
0.95 
0-62 
0.5 
0.44 
0.35 
0.30 
0.285 

Gauss 
Jis 

Oersted 

5,500 
7.200 
8,000 
7,250 
6,500 
7,250 
6,200 
5,800 
4,700 
5,250 

2,000 
9,000 
8,200 
7,600 
7,500 
7,200 

10,500 
9,800 

1,000 
645 
500 
560 
620 
628 
490 
550 
700 
674 

1,750 
250 
ISO 
160 
145 
130 
65 
70 

Be 

3,300 
4,350 
5,200 
4,700 
4,250 
4,660 
4,000 
3,650 
2,840 
3,290 

950 
5,930 
5,250 
5,000 
4,680 
4,200 
6,980 
6,200 

lie 

Recommended 
Saturation 
Values • 

Beat 
Gauss Gauss 

Normal Composition 
(Balance Ire) 

A pprorimate 
Real 

Treatment • 

600 
390 
327 
362 
400 
350 
312 
340 
440 
350 

1,000 
IGO 
118 
100 
94 
83 
43 
46 

13.000 
13,500 
13,500 
13,500 
13,500 
12,500 
12,000 
12,000 
11,500 
11,500 

17,800 
15,500 
15,000 
15,000 
15,000 
15,000 
14,500 
13,500 

4,000 
3,000 
3,000 
3,000 
3,000 
3,000 
2,000 
2,000 
3,000 
3,000 

14,000 
1,000 
GOO 
600 
.500 
500 
300 
300 

7 Al, 20 NI, 20 00, 7 Cu, 6..5 TI 

10 Al, 17 184, 12 Co, 6 Cu 

10 AI, 20 Ni, 13:5 Co, 6 Ci 

12 Al, 24 Ni 

12 Al, 32 Ni 

BaFe, i0,, 

Heat 1200-1250° C. 
Force cool to 600* C. 
between 1 and 4 
min., depending 
upon type 

I. Multiple heat-treat-
ment usually in-
volving at least 

j one quench 

}Water or oil quench from approx. 
850' C. 

Columns 1-6 are based on manufacturers' published data. • Approximate figures not taken from manufacturers' data. 

t There materials can only be supplied in certain shapes. 

(Mallard Ltd.) 
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FIG. 4.—VARIOUS TYPES OF MAGNETIC POWDER CORES. 

A. Toroidal core of high-permeability alloy powder for small loading- coil. 
A,. Wound coil on A,. 
A,. Completed coil in screening can; Q- factor of about 100 at 1,500 els. 
B. Large " pot " core showing winding former for carrier- frequency applications; 

Q > 300 from 50 ke/s to 2 Mc/s. 
C. Small " pot " core for carrier and radio applications; Q > 200 from SO kc/s to 

3 Me/s. 
D. Small screw cores for radio applications; effective permeability abolit 2; 

Q > 150 from 500 Ws to 20 Mc/s,.> 100 up to 50 Me/s. 
E. Permeability-tuning radio cores; effective permeability about 10. 
F. Television line-frequency transformer, wound on core of high-permeability iron-

powder pressings. 
(Salford Electrical Instruments, Ltd.) 
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INSULATING MATERIALS 

The materials used for insulation are numerous and of the most diverse 
nature, including the majority of non-metallic substances. 

There is no definite dividing-line between conducting and insulating 
materials, as the majority of the latter allow some current to flow, 
though usually only a very small amount. The definition of an 
insulating material (also called " insulator " or " dielectric "), given in 
the B.S.I. glossary of electrical terms, is " material which offers 
relatively high resistance to the passage of an electric current ". 

In Fig. 5 some typical materials, including metals and insulators, are 
arranged in order of electrical resistivity or " specific resistance" • 
(i.e., the resistance measured across opposite faces of a unit cube of the 
material at a given temperature) on a logarithmic settle, somewhat 
similar to a spectrum, in order to give a picture of the relationships 
between conductors, semi-conductors, poor insulators and good 
insulating materials. 

Whilst the conductors are practically all metals, capable of being 
produced and used in many-different forms (e.g., wire, strip, sheet, bar 
and castings), and are easily formed to shape and machined, insulating 
materials have widely different characteristics: gaseous, liquid and solid; 
organic and inorganic; natural, refined, manufactured or synthesized. 
They vary from air—universally abundant and available at no cost—to 
expensive and somewhat rare minerals, such as mica (very limited ;n 
size and form). 
No single insulating material has the adaptability of manufacture or 

the combination of properties required to enable its use to be extensive, 
such as occurs with metals—particularly copper and iron. Hence, the 
engineer has to employ different materials for insulation in various 
applications, according to the shape, properties, etc., required, and to the 
' availability, cost, adaptability and often the reliability of the insulating 
materials otherwise suitable. For example, good electrical properties 
may have to be sacrificed to some extent to obtain the requisite 
mechanical strength, and certain materials having good heat resistance 
may not be appropriate because they cannot be applied as desired, e.g., 
as wrappings or tubes. 
The chemical and relevant properties of insulating materials which are 

of importance in regard to their use as such, may conveniently be 
grouped as follows: 

(a) resistance to external chemical effects; 
(b) effects on other materials; 
(c) chemical changes of the insulating material itself. 

Under (a) there are such properties as resistance to: 

(i) the effect of oil on materials liable to be used in oil (in trans-
formers and ewitchgear), or to be splashed with lubricating oil; 

(ii) effects of: solvents used with varnishes employed for im-
pregnating, bonding and finishing; 

(iii) attack by acids and alkalis, e.g., nitric acid resulting from 
corona, acid and alkali vapours and sprays, and deposits of salts 
from sea spray; 

(iv) oxidation, hydrolysis and other influences of atmospheric 
conditions, especially under damp conditions and in direct sunlight.. 
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In group (b) typical effects ot the insulating materials on other sub-
stances with which they may be used are: 

(i) direct solvent action, e.g., of oils and of spirits contained in 
varnishes, on bitumen and rubber; corrosion of metals in contact 
with the insulation; and attack on other materials by acids and 
alkalis contained in the insulating materials in a free state; 

(ii) effects of impurities contained in the insulation; 
(iii) effects resulting from changes in the material, for example, 

acids and other products of decomposition and oxidation affecting 
adjacent materials. 

Group (c) includes such features as: 
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(i) oxidation resulting from driers included in varnishes; 
(ii) deterioration due to acidity (e.g., in oils, papers and cotton 

products) ; 
(iii) chemical instability of synthetic resins; 
(iv) self-polymerization of synthetic compounds; 
(v) vulcanization of rubber—sulphur mixtures. 

Most of these chemical properties are determined by well-known 
methods of chemical analysis and test. The principal tests, and 
examples of B.S. specifications in which they are detailed, are as follows: 
acidity and alkalinity (by titration) and pH value (see B.S. 119 and 13.8. 
698), chloride content in vulcanized fibre (B.S. 934), presence of injurious 
sulphur (B.S. 688) and conductivity of aqueous extract (B.S. 698) for 
presence of electrolytes. 

CLASSIFICATION OF INSULATING MATERIALS 

clan Temperature 
( C.) 

Y 90 

A 105 

E 120 

130 

155 

180 

Above 
180 

Material 

Paper, pressboard, cotton, rayon, silk, nylon, 
without impregnation 

As Class Y but impregnated with bituminous 
and synthetic resin oil varnishes 

Materials' which can operate at 15° higher than 
Class A. Examples: varnished Terylene, 
cellulose triacetate film, Melinex film 

Mica, glass fibre, asbestos, with suitable bond-
ing or impregnating substances (e.g., syn-
thetic resin varnishes, alkyds and polyesters) 

As Class B but operating at 25° higher, . e.g., 
alkyds, polyesters and silicone alkyds 

Mica, etc., with suitable bonding or impregnat-
ing substances, e.g., silicone elastomers and 
resins 

Mica, glass, porcelain, quartz, with or without 
an inorganic binder 

Materials are classified under temperature limits that will give an 
acceptable life under usual industrial conditions of service. 

Epoxide Resins 

Epoxide resins (e.g., Araldite, Epikote) are prepared by combining 
two complex organic chemicals into another yet more complex, and are 
generally made useful by the further- addition of a hardener. The 
manufacturing procesa and choice of hardener are varied to produce 
resins suitable for various purposes. Further variation can be achieved 
by the addition of solvents, fillers, plasticizers, etc. The main uses in 
the electronic field are for impregnating coils and other components, 
for potting, and for laminating. They possess good electrical and 
mechanical properties with excellent resistance to ageing, and have 
good insulation properties. They are of particular use to meet Service 
requirements for potting components in equipment for use under adverse 
conditions. 



TABLE 3.-RESISTIVITY (VoLumE), PERMITTIVITY AND POWER FACTOR Or TYPICAL INSULATING 
'MATERI' LS AT NORMAL TEMPERATURE (APPROX. 200 C.) 

(Nog,: Figures given in this table are derived from various sources and are representative. In many cases the several properties of one 
material were determined on different samples by separate investigators.) 

Vacuum . 

GASES 
Air (at N.T.P.) 

Carbon dioxide 

LIQUIDS 
Mineral Insulating Oil (B.S. 
Chlorinated diphenyl . 

FUSIBLE COMPOUNDS, WAXES, 
Paraffin wax (refined) 
Chlorinated naphthalene 
Shellac . . • 
Bitumen compound 

SHEET MATERIALS 
American white wood (dry) 
Wood-Maple (dry) 
Wood-Maple, paraffin-wax 
Pressboard (dry) 
Slate 
Bitumen-asbestos compoun 
Ebonite (not loaded) . 
Hard rubber (loaded) 
Paper (dry) 
Paper (oil treated) 
Varnished cotton cloth 
Varnished silk cloth . 
Cellulose acetate film . 
Cellulose acetate moulding 
Ethyl cellulose . • 

- 

'erial 
Resistit•ity 
(Volume) 

(Milian cube) 

Permittivity 

Power Factor 

f • =.• 50 f •., 800-1,000 1 f v. 10' 

Infinity 1.0000 Zero 

I 

Approaching 1-0006 Approaching zero 

Infinity 

. . . . . . 1-0010 „ 

148) 
. 

. 

. 
. 
. 

• 
. 

• 
. 

• 
. 

107-10. 
10'40' 

2.0-2.5 
4.5-5.0 

0.0002 
0-003 

0.0001 
0.01 

- 
- 

gm. 
10" 2.2 - 0-0003 0.0001 

10' 5.0-5.4 0.002 0.001 0.006 

10' 2-3-3-8 0.008 - - 

10' 24-2.8 0.008 - - 

10.-10, 3.0-3.8 - 0.07 0.04 

10-10, 4.4 - - - 

treated   3 x 10' 
10". 

3-2-4.1 
3.1 

- 
0.013 

- 
- 

- 
- 

10,-5 x 10' 6•0-7.5 - - - 

1   10,-10 , 
10" 

- 
2.8 

- 
0-01 

- 
0.006 

0.08 
0.009 

10,-10" 3-5-4.5 0-016 0-012 0.01 

10' 1.9-2.9 0-005 0-007 - 

. - 
3-5 x 10' 

2-8-4.0 
4-5-5.5 

0.005 
0.2 

0.005 
0.15 

- 
- 

..... 

. 

. 
• 

. 

. 
• 

. 

. 
• 

. 

. 
• 

. 

. 
• 

. 
• 

3-I, x 10' 
6 x 10' 
IV 
10, 

3-2-4.5 
4-0-5.5 
4-0-6.5 
2-5-3-7 

- 
0-023 
0.016 
0,02 

0-06 
0.04 
0.03 
003 

- 
- 

0.06 
0.01-0-03 
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Laminated Sheets 
Synthetic Resin Bonded paper, type I (B.S. 1137) t 
Synthetic Resin Bonded paper (" Panilax ") . 
Synthetic Resin Bonded fabric (cotton) t • • 
Synthetic Resin Bonded " Cotopa " fabric f • 
Synthetic Resin Bonded wood (" Permali ') t 

SYNTHETIC RESINS (UNFILLED) 
Phenol-formaldehyde . 
Phenol-formaldehyde (cast) 
Aniline-formaldehyde . 
Polystyrene . .. 
Polythene . . . 
Methyl methacrylate . 

SYNTHETIC RESIN COMPOUNDS 
Phenol-formaldehyde—Wood filled . 
Phenol-formaldehyde—Mineral filled 
Polystyrene—Mineral filled . 
Urea-formaldehyde--Wood filled . 
Polyvinyl chloride compound . . 

INORGANIC COMPOUNDS 
Porcelain . .. 
Steatite .... 
Special (steatite, etc.) ceramics for H.R. 
Rutile ceramics for H.F.   
Mycalex LDS. (Sheet and rod) grade . . 
Mycalex MLD. (Injection moulded) grado . 
MycaIon . ..... 

VARIOUS (INORGANIC) 
Mica—Muscovite . . 
Mica—Phlogopite . . 
Glass (plate) . . . 
Glass special for H.F. . 
Fused quartz . . 

10,-10. 4-6 0-02 0.03 0-04 
10,--10, 4-5-6-5 0-02-0-06 0-05 
10,--10, 5-11 0-2-0.4 — 0-06 
10, 4-5 0-01-0-025 — 0-01 

>2 x 10' 4-5-5-4 — 0-04 0-05 

10, 4-7 0-05 0-03 0-02 
10, 7-11 0-1 0-2 0-25 
le 3-7-4-0 0-02 0-012 0-011 
10" 2-5-2-7 0-0002 0-0002 0-0002 
10" 2-3 0-0001 0-0001 0-0001 
10, 2-8 0-06 0-03 0-02 

10,- 10, 4- 9 0-04-0-25 0-04-0-03 0.03-0-15 
10-10, a 0-01-0-02 0-01-0-02 0-007-0-02 
— 3-2 — _ 0-0015 
10, 5-8 0-06-0-1 0-04-0-1 0-038 

3 x 10, 5-7 0-07-0.14 0-07 — 

10,-10, 5-7 — — 0-008 
10,-10, 4-1-6-5 0-0012 0.005 0 001 
10" § 6-16 0-0005 — 0-0002 

10-10' it 40-90 _ 0-001 0-0004 
>10, 7 average — 0-007 0-002 
>10° 10-5 — — 0.00123 
>10" 9-7 — — 0-0013 

10'-10 ,, 4-5-7-0 0-0003 0-0002 
— 5-6 0-005 0.002 

2 x 10' 6-7 — 0-0006 
>10, 5-25 — _ 
>10" 3-9 — — 

• f is frequency in cis. t Phenol-formaldehyde type. j Aniline-formaldehyde type. § Resistivity at 300° G. 

0-0002 

0-004 
0-0008 
0-0002 
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PLASTICS 

There are two main groups of plastic materials: thermosetting and 
thermoplastic. The main disadvantage of the thermoplastic compared 
with the thermosetting materials is the relatively low heat resistance. 
The highest temperature at which a moulded or fabricated thermoplastic 
application will not lose over 10 per cent of its mechanical strength, or 
over which the appearance becomes affected or discoloured, is 141)-
190° F. at no load and 120-170° F. under mechanical load. The 
corresponding figures are 250-300° F. with phenolic materials. 

Material Compounds 

The following material compounds are used in the radio industry: 

Thermosetting: phenolic plastics; cast phenolics; laminated 
phenolics; urea-formaldehyde ; melamine -formaldel iyde. 

Thermoplastic: bellulose acetate and butyrate ;. polystyrene; ethyl 
cellulose; methyl rnethacrylate; vinyl material; polyethylene. 

• The mechanical, electrical, chemical and physical properties of the 
different materials are given in .the manufacturers' catalogues. The 
Plastics Comparator (first. published by the Bakelite Corporation, 1.J.S..A.) 
shows the relative standing of various plastic materials for qualitative 
study. It should be noted that the numerical figures of the material 
properties given in Table 4 are established on standard test bars or 
pieces, and values of the finished articles or mouldings are usually 
different. In particular, the strongth of the moulded articles is in-
fluenced by the flow of th •• plastics material during moulding, and 
also by the shape. Tho chen.. electrical and thermal properties are 
less affected by the nianufactu-i.ig method or design. 

Properties of Plastic Materials 

For the radio industry, the power factor and dielectric properties or 
the different materials used are of special interest. Tho power factors 
of the principal materials are listed in Table 5. The general properties 
of thermoplastics and their applications to radio equipment aregiven in 

Table 3. 

Design of Plastic Radio Components 

The proper function of the plastic radio component depends fo a great 
extent upon proper design, operating temperatures and the humidity 
of the surroundings. Material properties and the method of. manu-
facture also have a great influence. Whilst it would be impracticable 
here to establish the rules to be considered when designing radio com-
ponents, the following suggestions will be of service. 

PROPERTIES RECOMMENDATION AND REMARKS 

(1) Mechanical properties Even wall thickness 'and mass distribution. 
Openings well spaced and rounded to 
assure even flow. Avoid sharp edges. 



MATERIALS 3-x5 

TABLE 4 . — PLASTICS COMPARATOR SHOWING MECHANICXL, ELECTRICAL, 
CHEMICAL AND PHYSICAL PROPERTIES OF DIFFERENT MATERIALS 
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TABLE 5.—POWER FACTORS 

Power Factor 

Material 
At 60 cycles At 10° cycles 

Phenolic general-purpose powder 
Phenolic low-loss powder . 
Phenolic medium shock resistors 
Phenolic cast resin • 
Phenolic paper laminated 
Phenolic fabric laminated 

Ilelainine (cellulose filter) 
Polystyrene . • • 
Methyl-methacrylate . 
Cellulose acetate . • 
Vinyl chltiride . 
Vinylidene chloride 
Polyethylene • 
Porcelain . • 
Steatite normal . 
Steatite B.F. • 
Glass . • 
Mica. 
Nylon. 

0.17 0.05-0.10 
0-015-0.025 0.005 
0.10-0.25 0.19 

0.113 0.027 
0.02-0.06 0.02-0.05 
0.2-0.4 0-02-0.08 
0.048 0.03 
0.037 0.029 
0.0002 0-0001 

0.05-0-07 0-02 
e 01-0.10 0-043 
0.02-0.15 0.043 
0.02-0.03 0-04 
0.0003 0.0002 
0.017 0.006 
0.003 0.002 
.0.001 0.0001 
0.03-0.005 0.002-0.006 
0.02-0.003 0-006-0.002 
0-010 • 0.022 

PROPERTIES 

(2) Wall thickness Minimum for average parts ,p., in. for pow-
ders with fine fillers. For small mould-
ings, minimum 0.040 in. for thermoset-
ting and 0.020 in, for thermoplastic 
materials. 

(3) Shrinkage Uniform cross-section for even shrinkage. 
Immediate moulding shrinkage can be 
kept within 0-002 in. per in. Urea ma-
terials shrink subsequently up to 0.015 
in. per in. Large flat areas show shrink 
marks. 

(4) Tolerances Use the scheme of the British Plastics 
Federation, issued April 1945, and state 
tolerances on drawings. 

(5) Threads Avoid threads finer than 26 T.P.I. Stan-
dard metal fits and tolerances cannot be 
kept. Avoid thread cutting in mineral-
and fabric-filled material. Consider self-
tapping screws for permanent assembly. 

(6) Assembly devices . Consider shrink fits, glued designs, spring 
hinges, self tapping screws, speed nuts. 

RECOMMENDATION AND REMARKS 



TABLE O.—PROPERTIES 01. TIEERMOPLASTIC MATERIALS 

Specific gravity . 
Electrical strength 
breakdown (V/mil.) 

Volume resistivity 
(50% H. 25° C.) . 

Power factor . . 

Dielectric constant . 
Moisture absorption 

(24 hr.) (%) . 
Softening temperature 
(°C.) . . 

Coefficient of expan-
sion per °C. 

Teruile strength (lb./ 
sq. in.). . . 

Hard ness (Brinell) '. 
Compression trength 

(1b./sq. in.,. . 
Modulus of elasticity 

(1b./sq. in.) . . 
Effect of acids. . 

Effect of alkalis 

Moulding or working 
temperature (°C.) 

Applications . . 

Polythene 

0-96 

1,000 

10" 
0-0005-0-0006 

At all 
frequencies 

2-2 • 

Nil 

65-90 

7 x 10-, 

2,000 
1-0-2.0 

Flows 

Low 
None 

None 

115-250 
High freq. 
insulations; 

plugs; 
sockets; 
cable 

insulation; 
protective 
coating for 
coils and 
condensers 

Polystyrene 

1.02 

500-700 

10" 
0.0001-0-0001 

2-5-26 

Nil 

70-90 

x 

5,000-8,000 
20-3U 

13,000-13,500 

5 x 10, 
None 

None 

190-260 
High freq. 
insulations; 

plugs; 
sockets; 

valve-holders; 
coil formers 

Polyrinyl 
Chloride 

1.2-1•6 

250-450 

10 ,, 
0-08-0-16 

6-5-12 

0-2 

75-120 

3 x 10-, 

1,000-9,000 
2-50 

5 x 10, 
None 

None 

130-140 
Cable 

Insulations; 

coatings; 
varnishes, 
sleevings 

and covered 
wire 

Methyl 
IlethaarYlate 

1.18 

400-450 

10" 

0-06-0-019 

2-8-3-0 

0-4 

60-70 

9 x JO-. 

1,000-9,000. 
18-20 

11,000-13,000 

4-6 x 10, 
Very elight 
(oxidizing 
acids only) 
Very slight 

160-250 
Artistic 
parts; 

electrical 
optical 
systems 

Cellulose 
Acetate 

Polyvinyl 
Acetate Melantime 

1-3 

200-300 

101.-10" 

0.01-0-09 

3-5-7.5 

1-5-3-0 

60-110 • 

15 x 10-' 

4,000- 7,000 
8-15 

1-4 x 10, 
Decomposes 

Decomposes 

150-230 
Conduits; 
boxes; 
formers; 

switch covers; 
housings; 
protective 

films 

1-3 

500-700 

10" 

0-008-0.1 

3.0-9-0 

1-0 

60-65 

3 x 10-, 

1,000-9,000 
12- 15 

5 x 10' 
Slight 

Slight 

140-180 
Similar to 
polyvinyl 
chloride 

1.6 

700 

10"-I0" 

0-05-0-01 

125-180 

5,000-7,000 
16 

Decomposes 

Depends on 
filler: 

alpha-cell 
decomposes 

None 
Varnishes 
special 
moulded 
parts 

Ethyl 
Cellulose 

1-10 

400-700 

10 ,,-10" 

0-005-0-030 

2.5-4-0 

1.5-2.5 

90-130 

13 x 10-, 

2,000-9,000 

10,000-12,000 

2-5 x 10' 
Decomposes 

Slight 

185-230 
As cellulose 
acetate, 
also vire 
coverings 

s
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• At al: frequencies falls slightly with increase in temperature. 



TABLE 7.—METHODS AND MATERIALS USED IN RADIO INDUSTRY 

Methods Materials Used Accuracy of Products Remarks 

(1) Compression moulding . Thermosetting and ther-
moplastics with cooling 

(2) Transfer moulding . Thermosetting materials 

(3) Lamination . Thermosetting (excep-
tionally, thermoplastic 
resins as binder) 

(4) Pulp moulding . . Pulp impregnated with 
thermosetting resins 

(5) Injection moulding 

(6) Jet moulding 

(7) Extrusion . 

(8) Casting 

Thermoplastic 

Thermosetting 

Thermosetting or thermo-
plastic 

(Certain) thermosetting 

Fairly good—of standard 
quality 

Improved closer toler-
ances 

Fairly good—of standard 
quality. 

Coarse 

Fairly close, better than 
compression moulding 

Fairly close, better than 
compression moulding 

Very good 

Coarse. 

Standard commercial tech-
nique to produce mould-
ings 

A variation of the compres- 0 
eon method. Requires 
more pressure ). 

Standard commercial tech- 
Z 

nique to produce sheets, 
tubes or simple forms 17,4 

A process as used in the nl 

papier mâché industry is < 
in course of develop- (=71 
ment 0 

Standard commercial tech- Z 
nique for thermoplastic xi 
mouldings rn -r1 

ln development (injection 
moulding of th-nnoset- rrs 
ting materials) 

To produce continuous rods, f;,) 
tubes, strips of differeQt to 
cross-section 

To Produce advantage- 8 
ously larger mouldings 7Ç 
of simple shape of vari-
ous croes-sections 



TABLE 8. — T YPICAL A PPLICATIONS OF R ADIO PLASTIC COMPONENTS 

PROPERTIES 
REQUIRED 

MATEPIAL MANUFACTURING 
METHOD 
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PROPERTIES RECOMMENDATION AND REMARKS 

(7) Inserts Use simply shaped, preferably round inserts, 
within correct manufacturing tolerances 
in order to fit mating mould parts. Pro-
vide for proper anchorage. Bolt-typo 
inserts should have shoulder. 

(8) Heat resistance Actual service test should be made under 
load. Apply ribs or holes for air cooling 
and evenly distributed walls. 

(9) Chemical properties. Actual service tests should be made. Con-
sider effect of ageing and effect of sunlight. 

(10) Moisture absorption. Detrimental results in loss of electrical 
properties. Choose the proper material 
for the particular job. 

(11) Dimensional stability Important, especially under tropical or 
humid conditions. Influenced mainly by 
water resistance of material, heat dis-
tortion and expansion, shrinkage or age-
ing. Cold flow. 

(12) Electrical properties State specific tests, for moulding. Material 
specifications are correct to B.S.S. 771. 
At radio frequencies the values of di-
electric strength are lower. Consider 
influence of moisture absorption, •espe-
cially with machined surfaces. 

Cabinets 
The following moulding items will have to be considered when 

designing radio cabinets from plastics: 

(1) Large and flat plane surfaces have to be avoided, curved or 
bowed portions, besides being structurally stronger, emphasize the 
lustre and depth of colour and by permitting an easier flow of the 
powder, waves and flow marks are reduced. 

(2) Practically even wall-thickness at which the bottom thickness 
should be slightly above that of the side walls. Recommended 
thickness for the side walls 0-125-0-180 in., and for the bottom 
0-170-0-200 in. 

(3) Strong ribs inside result in shrinkage marks on the correspond-
ing outside surface. It is advisable to cover this outside surface 
with ribs or by some surface treatment in the mould, such as sand 
blasting or planned patterns, or decorative fluting. 

(4) Ribs are to be carefully designed and located, as by misapplica-
tion ribs give rise to stresses. Steps in the design may help. 

(5) The after-shrinkage of the finished moulding should be con-
sidered, especially when using urea materials. Design in to or 
more parte should be considered as an alternative. 

Low-loss Polymers 
Examples of this group of materials are: polythene, polystyrene. 

polytetrafluorethylene ( P.T.F.E.), polychlortrifluorethylene ( Kel-F) 
and Terylene (polyethylene terephthalate). Information on capacitor 
applications is given in Section 29. 
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Polythene. 'Ibis is the generic name of a synthetic, thermoplastic 
polyethylene with the following properties: low power factor at high 
frequencies; chemical inertness except in hot oil; flexibility and tough-
ness. Its rather low softening point and ease of moulding prevent its 
use in applications where high temperatures are likely to be encountered. 
Treatment by electronic bombardment (irradiation), and other pro-
cessing, can increase its resistance to oil and raise its softening point. 
The irradiated material is .rubbery and elastic. Polythene does not 
resist discharge well, and has high contraction on cooling, leaving 
voids in the dielectric. 

Polystyrene. This material is more rigid when cold, softening at 
75° C. It is liable to crack, but has high intrinsic resistance at normal 
temperatures, falling only relatively slowly even up to 250° C. It is 
extensively used in the manufacture of small capacitors. It is supplied 
in films down to 10 y thickness. It does not wrap as easily as paper, 
wrinkling being troublesome and static charges accumulating on the 
surface. 
P.T.F.E. Examples of this are Teflon and Fluon. The material 

has many of the pro•sertiee of polystyrene, but with a much wider 
temperature range (- 60° to 250° C.). The power factor is very low 
(less than 0.0002), and the breakdown strength 1,000-2,000 volts/mil. 
As it cannot be melted or moulded, it is cold pressed as a powder and then 
sintered, resulting in a porous structure extremely susceptible to dis-
charge. For wire covering, films down to 6 y are available. As tape, 
the material is slippery and cannot be tied, and, because of its chemical 
inertness, adhesives cannot be used. 
Kel-F. Also known as P.C.T.F.E., this is similar to P.T.F.E., but 

can be. moulded and, as a wire covering, is less liable to plastic flow. 
Its mechanical properties are good, and it can be fabricated, extruded 
or moulded. 

ELECTRICAL PROPERTIES or POLYTHENE AND P.T.F.E. 

Electrical. Property Polythene P.T.F.E. 

Specific ibsulation resistance 
Dielectric loss angle . 
Permittivity . . . . 
Breakdown voltage ( ilir - in. sheet) . 

10" ohms/cm. 1017 ohms/cm. 
0.0004 0-0002 
2-3 2.0 
1,000 V/mil 500 V/mil 

Terylene. This has a high melting point and is satisfactory for opera-
tion up to 150° C. It is a good insulator, of high electric strength, good 
heat resistance and low absorption properties. It can be made into 
fibres so that the woven material offers possibilities for use as a high-
temperature-resistant material with good electrical properties and better 
mechanical properties than glass fibre. It has a common base with 
Melinex and Mylar, which have not the high electrical properties of 
Terylene, and is for that reason in insulation Class E. 
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SEMI-CONDUCTORS 

Materials which are neither good conductors nor good insulators, 
Le., the majority of substances, are known as " semi-conductors ". 
Theft: are, however, some which exhibit a peculiar behaviour, notably in 
the non-linearity of the, relationship between some of the variables in 
the electrical circuit of which they may form a part. 
Purther discussion of " semi-conductors" will be found in Section 26 

(Transistors). In this article information will be given of two further 
types of semi-conductors of particular importance to the radio and 
television engineer. These are: 

(1) Theimetors (thermally-sensitive resistors) which ha-,e a large 
variation in resistance with temperature. They are synthetically 
prepared semi-conductors with a large negative temperature coefficient, 
i.e., their resistance decreases rapidly with rise of temperature. 
Thermistors are applicable to A.C. or D.C. circuits, and are generally 
made of mixtures of the oxides of various elements, including manganese, 
nickel, cobalt and copper, with a suitable binder in varying proportions 
according to the characteristics required. The mixture is moulded into 
the shape of a rod, disc or bead, and suitable leads are attached. In 
the form of a bead the thermistor may be mounted in a sealed glass bulb 
evacuated or filled with an inert gas according to the performance 
desired. 
In indirectly heated thermistors, i.e., bead types, in which the bead 

is surrounded by a 100-ohm heater, the time constant may be defined 
as the time taken for the log of the resistance to change by (e — 1)/e 
(i.e., about 63 per cent when the heating power is suddenly changed. 
It is usual to measure the time constant for a change of heating power 
which will halve or double the resistance. It is not possible to obtain 
time constants of directly heated thermistors in the above manner, 
as these are largely dependent ou the circuit in which a thermistor is 
used. 

In vacuum-enclosed thermistors the time constant in larger for cooling 
than for heating; in gas-filled units the two periods are more nearly 
equal but shorter than for the evacuated types. The temperature 
change which brings about the variation of resistance may be conducted 
to the element from the surroundings, or may be developed internally 
by the passage of current through it. 

(2) Non-linear elements, having a curvature in their current/voltage 
characteristic. Resistor elements are manufactured in the form of a 
disc or rod, usually containing silicon carbide. In these elements the 
relation between current and voltage is of the form I = KIT', where K 
is a constant depending on composition and dimensions, and x lies 
between 3 and 5; so that doubling the voltage applied across the 
element may increase the current about twenty-fold, and trebling it 
about 100-fold. 

Thermistors 

The most widespread use of thermistors in radio and television 
practice is as current surge suppressors; suitable unpolarized resistive 
elements are available made in rod form. A typical range of such 
elements is manufactured and the following information on characteris-
-ties and applications is included by permission of the manufacturers. 
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The resistance of an element of this type decreases with rising tempera-
ture in such a manner that at room temperature an increase in temper-
ature of the thermistor of approximately 20° C. will halve the value of 
the resistance. The temperature coefficient decreases as the temperature 
rises, and at 250° C. an increase in temperature of approximately 50° C. 
is required to halve the resistance value. 

Voltage—Current Characteristic 

When the voltage across the element is increased the current increases 
with it until a certain maximum voltage (Er...) is reached. There-
after the current will increase rapidly with a decrease of applied voltage, 
so that over this portion of the curve a negative resistance character-
istic is obtained. The approximate value of for a thermistor can 
be calculated by means of the following formula: 

VT/ 
k 

where P. is the cold resistance and k is the maximum voltage factor 
for the type concerned. Typical values are given in Table 9. 
Owing to the form of the voltage—current characteristic, a series-

limiting resistor must always be employed to prevent excessive current 
flow when a low-impedance supply source is used. 
The maximum operating current 18 a, design centre rating which allows 

for normal supply voltage variation and an ambient temperature of 
50° C. The maximum instantaneous current must not be exceeded, 
otherwise the component will be impaired permanently. A surge of 
this order may be experienced for a brief period soon after switch-on 
in certain valve-heater circuits. Should this surge exceed the rating, a 
suitable resistor must be shunted across the thermistor to ensure a 
slower and steady rate of increase of current during the warm-up 
period. 

After a protracted period of storage under conditions of high humidity, 
some increase of initial resistance may be experienced, but this will 
return to its normal value once the component has been used. 
At the maximum current ratings the temperature of the surge 

resistor may roach 250° C., so that the unit should be positioned care-
fully to prevent damage to other components; they should not be sub-
jected to excessive mechanical stress, or fracture may occur. 

Applications 

Typical applications are shown in Fig. 6. 
Fig. 6 (a) shows the use of a thermistor for surge suppression in 

A.C. /D.C. receivers. Due to the low cold resistance of a series chain of 
valves and the fact that the hot resistance of the valve chain is an 
appreciable proportion of the total circuit resistance, an excessive 
current surge will flow at switch-on which may cause permanent damage 
to the valves. The thermistor should be connected in the circuit as 
shown, between the mains resistor and the heater of the rectifier valve; 
it must not be fitted between valve heaters or between the last valve 
heater and the chassis. In some equipment, especially television re-
ceivers, there is an appreciable variation in valve heating time within any 
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FIG• 8.—TYPICAL APPLICATIONS 
OF CURRENT SURGE RESISTORS. 
(Standard Telephone é Cables Ltd.) 

chain of valves, so that it is necessary to use a shunt resistor to prevent 
excessive voltage surges. It -;hould also be remembered that the rate 
of heating of valves prod«, .; by different manufacturers may vary. 
When a dial lamp is connected in the chain it will normally have to 

be under-run to allow for its short heating time and the consequent 
high voltage applied at switch-on. If a thermistor has been fitted as 
above for surge suppression, the dial lamp may be run at a hirther 

i temperature. An additional thermistor, as n Fig. 6 (b), may be wired 
across the lamp in place of a normal shunt resistor; should the dial 

TABLE .9.--TYPICAL RANGE OF CITRRENT-SUBGE RESISTORS 

Type 

Initial Resistance 
(Ohms) 

0° C. 20° C. 60° C. 

Max. 
Voltage 
Factor 

Ems:. Volts 

0° C. 20° C. 50° C. 

Max. 
Operat-
ing 

Curren 
(Amp.) 

CZ1 
CZIA 8,300 MOO 

12,500 5,500 
CZ3 3,500 1,500 
04 1,700 800 
CZ6 8,000 3,000 
CZ8A 3,700 1,600 
CZ9à 800 350 

1,400 

1,850 
360 
320 

1,120 
620 
130 

2-36 

247 
2-9 
1-2 
2.4 
2-48 
2.53 

29.5 

37.3 
17 
28.5 
29 
23-8 
11.2 

23 

30 
13.5 
23 
23 
15.6 
7.4 

17 

20 
9 

15-e 
15 
9.4 
4-3 

0.3 

0.3 
0.2 
1.25 
0.45 
0.3 
1.0 

Resist-
ance at ijar. 
Max. Instan-

Operas- taneous 
ing Current 

Current (Amp.) 
(Ohms) 

44 0.8 

ts 0-4 
35 0.3 
5.5 2-0 

27 0-7 
30 0-6 
3.7 1-3 

(Standard Telephones é Cables Ltd.) 
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lamp fail, the thermistor will warm up quickly and the set continue to 
function at full efficiency. 

In order to reduce the switch-on current surge obtained with large 
reservoir capacitors associated with capacitor-input smoothing filters, 
a thermistor may be connected between the rectifier cathode and the 
leads to the reservoir capacitor, as shown in Fig. 6 (e). 
The application of the full H.T. voltage to equipment when a directly-

heated full-wave rectifier is used, may be delayed by connecting a 
thermistor in the centre-tap of the mains transformer (Fig. 6 (d)). 
Due allowance must be made for the fact that the r.m.s. current value 
must be used for selecting the oorroct current rating required. The 
r.m.s. current in the centre-tap will be l-6 times the D.C. output current 
of the rectifier. 
In order to compensate for the increase of resistance of a focus coil 

due to its rise of temperature while operating, the circuit shown in 
Fig. 6 (e) may be used. The thermistor should be connected in series, 
in close proximity to the coil, to ensure that it reaches a similar temper-
ature. A shunt resistor may also be required for exact compensation 
of resistance change. 
A common use of thermistors in television receivers is for picture-

height shrinkage compensation. Frame time-base circuits tend to 
produce a constant voltage across the deflection coils, irrespective of 
changes of coil resistance due to self-heating, and tinder certain çon-
ditions this causes shrinkage of the picture height. This may be 
overcome by increasing the input drive to the frame output valve as 
the temperature of the deflection coils rises. The thermistor is con-
nected, in the H.T. supply lead to the frame oscillator (e.g., in the lead 
from the slider of the height control), and is mounted in close proximity 
to a hot component, such as a dropping resistor. By suitable lagging 
or spacing, correct compensation is obtained. 

Therrnistors may be used in resistor/capacitor smoothing circuitfi 
(replacing the resistor) to provide voltage stabilization under varying 
load conditions, provided that some increase of ripple with increasing 
current can be tolerated. As increased current is drawn from the power 
pack, the thermistor resistance decreases, thereby compensating the 
voltage drop. A thermistor in this application functions analogously 
to a swinging choke in an H.T. supply circuit for a Clase B amplifier. 
Temperature affects the operating current of transistor amplifiers 

(particularly in Class B circuits), and a thermistor is often connected 
across the transistor-base bias resistor to provide stabilization. 

Non-linear Elements 
The use in television receivers of non-linear resistive elements for the 

regulation of E.H.T. and for the provision of first-anode voltage for 
tetrode cathode-ray tubes has become widespread. Such elements 
also have a wide application for the protection of components, 
instruments and relays. 
A typical element of this type is the " Metrosil " manufactured by a, 

well-known electrical firm. Metrosil elements which contain silicon 
carbide are usually made in disc form, the faces of the discs being 
sprayed with brass. Electrical contact is then made by pressure on 
the sprayed surfaces or by soldering. 
These elements have a negative temperature coefficient, and this 

property can be used for compensating purposes as already described 
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under thermistors. The peculiar feature of this type of element, however, 
is its ability to form an " overflow " to prevent the build-up of high 
peak voltages. It can be arranged that under normal conditions 
comparatively small current flows through the element, but when a 
surge occurs this is conducted through the element. This character-
istic may be used for the protection of instruments, relays, etc., under 
fault conditions, or for the protection of electrolytic smoothing 
capacitors under surge conditions, or for the protection of field coils, 
relay coils, etc., from the momentary rise in voltage across the coil that 
occurs when the current through the coil is stopped. 

Television Applications 
In television receivers suitable Metrosils may be connected directly 

across the E.H.T. provided by line-flyback - systems and the like in 
order to provide a degree of voltage regulation. When the output rises 
above normal, the current Lowing through the Metrosil increases rapidly, 
and the extra load brings the voltage back to its normal level. 
The provision of a first-anode voltage for tetrode cathode-ray tubes 

affords a problem, particularly for A.C./D.C. receivers. In many cases 

TO LINE 
DEFLECTOR 

COILS 

E.H.T 

FIG. 7.—USE OF A 
NON-LINEAR ELE-
MENT FOR THE PRO-
VISION OF A CATH-
ODE-RAY-TUBE FIRST 
ANODE VOLTAGE. 

the cathode of the tube is modulated, and it is necessary to have the 
first anode about 150 volts or more above the cathode. This may 
require a supply of about 250 volts, whereas, unless some means of 
boost is incorporated, the H.T. available in an A.C./D.C. receiver may 
be of the order of only 190 volte. The non-resistive element provides 
a convenient means of producing a boost voltage, as seen in Fig. 7. 
A flyback pulse, so arranged that it is positive-going, charges C, and 
during the scan stroke the charge flows out, but conditions are such that 
the charge flowing out is less than that created by the pulse. The 
difference is about 150 volts, varying according to design, and is avail-
able as a positive potential for application to the first anode of the 
cathode-ray tube. 

WIRES 

Textile Coverings on Wires 

Textile coverings on wires serve various purposes, depending upon 
the type of coil wound and the manner of winding. They act first as 
a protection, especially when the conductor is insulated by a thin 
enamel film. Secondly, they supply an absorbent layer between turns 
which, after impregnation with suitable varnishes or waxes, providea 
or augments the insulation of the conductor. At the same time, if the 
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impregnation has been satisfactorily carried out, the coil is rendered 
impervious to moisture. 
The protection of the wire is of the utmost importance in those cases 

where winding is necessarily severe, for instance, in machine-wound 
armatures, more especially when the turns are subsequently hammered 
or manipulated into armature slots. 

Flexible lead-out wires and bunched enamelled copper conductors 
also need a textile covering- In the former ease a variety of identi-
fication colours or colour combinations is more easily provided by a 
dyed textile; in the latter, a protection of the ultra-Éme enamelled wires 
is a vital necessity, while in both cases it is necessary to bind the strands 
together to form as near round a cross-section as possible. Moreover, 
bunched enamelled copper conductors are invariably wave.wound, and 
a textile covering assists by its comparative roughness in building up 
the coil. It may be mentioned that B.S. 1258 : 1946 deals with the 
requirements for textile-covered bunched enamelled-copppr wire con-
ductors. 

Choice of Textile 

The choice of the most suitable textile is governed by the nature and 
function of the coil and the winding methods employed. 
For field coils, single or double cotton coverings are used, since they 

most successfully withstand the hazards of the severe handling usually 
suffered. Rayon may be used, but does not generally provide adequate 
protection in these instances unless the thickness .of the covering is 
increased. 

For small solenoids, whore generally space factor is important, pure 
silk and rayon are used. The high price of silk prevents its wide use, 
except on specialist apparatus, and rayon has almost entirely taken its 
place. 
Medium and fine winding wires today are frequently covered with 

Regenerated Cellulose. There are two types: 

(1) Cupranurnon i um . 
(2) Fortisan. • 

Being cellulose, these rayons have dielectric properties similar to 
cotton, and can be treated with the same impregnating varnishes and 
waxes. In form they bear no comparison to cotton. 

Cotton is made into thread by twisting together (spinning) fibres of 
a very short length. A lapping thread is made by winding parallel a 
determined number of such threads in tape form. 
Rayon is produced in continuous filaments of extreme fineness which 

are collected in a determined number and wound without twist. .The 
resulting single thread can be spread fiat round the wire, and so produce 
a covering considerably finer than that permitted by the twisted threads 
of cotton. 

Present production of the two rayons gives the advantage in elonga-
tion to Cuprammonium, while Fortisan enjoys the advantage in 
strength. High-speed winding demands wire with a reasonable 
elongation, which is best provided by Cuprammonium, but at the same 
time wave-winding is found easier with a wire on which the covering 
is comparatively rough. This feature is provided more readily by 
Fortisan, since the filaments tend to break up during the covering 
operation. 
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There are two other textiles used in wire covering, but with a more 
specialist application. These are " Celanese ", a cellulose acetate yarn 
and " Cotopa ", an acetylated cotton. 
Both of these have outstanding insulating properties, a low moisture 

content and are resistant to attack by micro-organisms and insects. 
These characteristics make them especially suitable for coverings on 
switchboard wires and the like. 

Designers should bear in mind that they are not bound rigidly to the 
dimensions and perjermances of conventional types of textile-covered 
wire It should also be remembered that many coil-winding problems 

TABLE 10.—DATA FOR ROUND COPPER W IRES 

S.W.O. 

10 
11 
12 

13 
• 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
28 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

Diameter 
(in.) 

Area 
(sq. in.) 

Lb. per 
1,000 yd. 

Ohms per 
1,000 yd. 

Ohms per 
lb. 

0-128 
0.116 
0-104 
0.100 
0-092 
0-084 
0-080 
0-076 
0-072 
0-064 
0-056 
0-048 
0-040 
0.036 
0-032 
0-028 
0-024 
0-022 
0-020 
0-018 
0.0164 
0.0148 
0-0136 
0.0124 
0-0116 
0.0108 
0-0100 
0-0092 
0.0084 
0-0076 
0-0068 
0-0060 
0-0052 
0-0048 

0-0129 148-22 
0-0106 122-22 
0.0085 98-24 
0-0078 90-83 
0-0066 76-88 
0-0055 64-09 
0-0050 58-13 , 
0-0045 52-46 
0-0040 47-09 
0-0032 42-00 
0-0024 28-48 
0-0018 20-93 
0-0012 14!53 
0-0010 11-77 
0-00080 9-30 
0-000616 7-121 
0-000452 5.232 
0.000380 4.396 
0-000314 3.633 
0-000254 2-943 
0-000211 2-443 
0-000172 1-990 
0-000145 1-680 
0-000120 1-397 
0-000105 1-222 
0-0000961 1-059 
0-0000785 0-9083 
0-0000664 0-7688 
0-0000554 0.6409 
0-0000453 0-5246 
0-0000363 0-4200 
0-0000283 0-3270 
0-0000212 0-2456 
0-0000181 0-2093 

1.866 
2.272 
2-826 
3-057 
3-612 
4-332 
4-776 
5-292 
5-897 
6-611 
9-747 
13-267 
19-105 
23-59 
29-85 
38-99 
53-07 
63.16 
76-42 
94-35 
133-65 
139-55 
165-27 
198-80 
227-2 
262-1 
305-7 
361-2 
433-2 
529-2 
661-1 
849-1 

1,130-5 
1,326.7 

0.0125 
0-0186 
0-0288 
0-0336 
0-0470 
0-0676 
0-0822 
0-1009 
0-1252 
0-1574 
0-3422 
0-6340 
1-314 
2-004 
3-209 
5-475 
10.144 
14-36 
21-03 
32-06 
46-52 
70-1 I 
.98-37 
142-35 
185-87 
247-4 
338-5 
469.8 
676-0 

1,008-7 
1,574-0 
2,597 
4,603 
6,340 

• Denotes non-standard sizes. 
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arise through wrongly specified types. Of all covering media textiles 
are the most versatile, and can be modified in many cases to meet 
particular requirements or to overcome problems in the winding 
shop. 

The above article is reproduced from " Fine Wire Data " by courtesy 
of Messrs Fine Wires Ltd. 

TABLE 11.-TUreNs PER SQUARE INCH OF W INDING SPACE FOR 
VARIOUS TYPES OF W IRES 

S. W.O. 

Enamelled S.C.C. D.C.C. 

Bare 
Diam. Covered 
(In.) Diam. 

Turna 
per 

Sq. In. 

Covered 
Diam. 

Turns 
per 

Sq. In. 

Covered 
Diam. 

10 0.128 
11 0.116 
12 0.104 
• 0.100 
13 0.092 

0.084 
14 0.080 
• 0.076 
15 0.072 
16 0.064 
17 0.056 
18 0.048 
19 0.040 
20 0-036 
21 0.032 
22 0.028 
23 0 024 
24 0.022 
25 0.020 
26 0-018 
27 0.0164 
28 0.0148 
29 0.0136 
30 0-0124 
31 0.0116 
32 0.0108 
33 0.0100 
34 0.0092 
35 0-0084 
36 0-0076 
37 0.0068 
38 0.0060 
s9 0-0052 
40 0-0048 

Turna 
per 

Sq. In. 

0.134 55 0.136 53 0.142 49 
0.122 66 0.124 64 ' 0.130 58 
0.110 82 0.112 78: 0.118 70 
0.106 88 0.108 85 0-114 76 
0.098 103 0.100 99 0.106 88 
0.0895 124 0.092 116 0.098 103 
0.0850 136 0.088 128 0.094 112 
0.0805 152 0.084 140 0.090 122 
0.0760 170 0.079 158 0.084 140 
0-0675 217 0.071 196 0.076 170 
0-0590 284 0-063 250 0.068 214 
0-0508 384 0.055 326 0.059 284 
0-0425 550 0.047 445 0-051 380 
0.0384 670 0.042 560 0.047 450 
0.0343 840 0.038 680 0.043 535 
0.0302 1,080 0-034 850 0.039 650 
0-0261 1,460 0-029 1,180 0.034 350 
0.0240 1,720 0.027 1,360 0032 968 
0.0220 2,040 0.025 1,580 0.030 1.100 
0.0198 2,520 0-023 1,870 0.028 1,260 
0-0181 3,020 0-0214 2,160 0.0264 1,420 
0.0164 3,670 0-0198 2,520 0.0248 1,600 
0.0151 4,350 0.0186 2,850 0.0236 1,770 
0.0138 5,200 0.0174 3,250 0.0224 1,970 
00129 5,920 0.0166 3,600 0-0216 2,120 
0.0121 6,750 0.0158 3,960 0.0208 2,270 
0.0112 7,850 0.0150 4,400 0.0200 2,470 
0.0103 9,330 0.0142 4,900 0.0192 2,670 
0.0095 11,000 0.0124 6,420 0.0174 3,250 
0-0086 13,400 0-0116 7,320 0-0166 3.600 
0.0078 16,200 0.0108 , 8,500 0.0158 3.950 
0.0069 20,700 0.0100 I 9,900 0-0150 I 4,400 
0 0061 26,500 0.0092 j 11,600 0.0142 4,900 
0.0056 31,500 0.0088 ¡ 12,800 0.0138 5,200 

• Denotes non-standard sizes. 
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TABLE 12.- Tus PER INCH or 

S.W.°. S.C.C. 
Ord. 

D.C.C. 
Ord. 

6 
7 

9 

10 
11 
12 
13 

14 
15 
16 
17 

18 
19 
20 
21 

22 
23 
24 
25 

26 
27 
28 
29 

30 
31 
32 
33 

34 
36 
36 
37 

38 
39 
40 
41 

42 
43 
44 
46 

46 
47 

4-954 
5.382 
5-895 
6-519 

7.283 
7.987 
8.850 
9.918 

11.26 
12.55 
13.96 
15.74 

18.02 
21.10 
23.61 
26-10 

29.17 
34.20 
36.73 
39.68 

43.15 
46.38 
60.12 
53.36 

4-810 
5.215 
5.694 
6.272 

6.979 
7.623 
8-403 
9.352 

10.55 
11.81 
13-04 
14-59 

16.82 
19-46 
21-11 
28.08 

25.46 
29.21 
31-04 
33.11 

35.49 
37.66 
40-08 
42-12 

57.08 44.40 
59.81 46-04 
62-85 47.83 
66.23 49-75 

69.93 
80.00 
83.47 
91-74 

99.01 
107.5 
112.4 

51-81 
57-14 
69.88 
62.89 

66-23 
69-93 
71.94 

14-97 
17-01 

19.72 
23.47 
25.91 
28.99 

32.79 
37.88 
42.19 
46.08 

50.76 
55-25 
61.35 
66.23 

71-94 
76-31 
81-30 
86.96 

93.46 
101-0 
109.9 
120.5 

133.3 
149.3 
158.7 
166.7 

178.6 
192-3 
208.3 
227.3 

250.0 
277.8 

D.S.C. 
Enam. 
and 

S.C.C. 

Enamm. 
and 

D.C.C. 

Enana. 
and 

S.S.C. 

Enamn. 
and 

1.&C. 

lenamn. 
and 
Paper 

__ 7.105 6.811 -- __ 
__ 7-787 7.441 -- __ __ 

8.621 8.197 -- __ __ 
__ 9.636 9.101 -- __ 

__ 10.93 10.26 __ __ 11-70 
__ 12.15 11-45 __ __ 12.94 
14.68 13.50 12.64 14.43 14.16 14-47 

16.64 15.17 14.10 16.37 16.03 16.42 

19.23 17.33 16.21 18.90 18.45 18-98 
22.78 20.20 18.69 22.37 21.74 22.47 

26.06 22.52 20.24 24.63 23.87 24.75 
27.93 24.81 22.08 27.40 26.46 27-55 

31.45 27.62 24.27 30.86 29.67 31-06 

36.76 32.15 27.70 35.34 34.36 35.59 
39.68 34-48 29.41 39.22 37.04 35.46 
43.10 37.17 31.35 42-74 40.16 41.84 

48.31 40.32 33-56 . 46-95 44.84 45.87 

52-36 43-29 35.59 51.02 48.54. 49.75 

57.47 46-73 37-88 56-18 52.91 54.35 

61.73 40.75 39.84 60-61 36.82 58.48 

66.67 53.19 42.02 65.79 61-35 63.29 

70.42 65.87 42.67 69.93 64.94 67.11 

74.63 68.48 45.25 74.07 68.49 70-92 

79.37 61-73 47.17 79.37 72.99 75.76 

84.75 65.36 49.26 85.47 78.13 8130 
90.91 74.07 54.05 91.74 83.33 86.96 

98.04 79.37 56.82 100.0 90.09 94.34 

106.4 84.75 59.52 108.7 97.09 --

116.3 91.74 62.89 120-5 106.4 
128.2 99.01 66.23 133-3 116.3 --

135.1 104.2 68-49 142.9 123-5 --

140.8 -- -- 149.3 128.2 --

149.3 -7 -- 158.7 135.1 --

158-7 --. -- 169.5 142.9 --

169.5 -- -- 185.2 153.8 --

181.8 -- 204.1 166.7 --

196.1 - -- 222.2 178-6, --

212.8 -- -- 250.0 196.1 --
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VARIOUS COVERED CONDUCTORS 

3-31 

Letoeo- 
glass, 
Single 

Leteco-
glass ' 
Double 

Lee- 

lest." 
Enam' Enam., 

Thick  

- Letomez 

F 
' 

II F TF QE 

- - - - - - - 

- - 
- - 

6.930 
7.565 

7.532 
8-307 

7.342 
8-085 

- 
- 

- - - 
- - - 8.333 9.259 8.994 -- • 

- 
- - 9.264 10-44 10.12 - - - 

- 
- 

11.66 : 11.26 
12-87 ' 12.39 

• 14.37 13.77 
16.23 15.48 

10.44 
11.81 
13.05 
14.58 

11.98 
13.28 
14.90 
16-98 

11.60 
12-87 
14.43 
16-47 

11-96 
13.26 
14.88 
16.92 

11-81 
13.07 
14.64 
16.61 

11.64 
.12.89 
14.41 
16-31 

11.36 
12.56 
14.01 
15.80 

18.69 17.70 
22.03 20.06 
24-16 22-52 
26.81 24.81 

16-53 
19-08 
20.66 
22.57 

19.72 
23.53 
26.04 
29-15 

19.08 
22-73 
25-13 
28.09 

19.65 
23.42 
25.91 
29.07 

19.27 
22.88 
25.32 
28.33 

18-87 
22.37 
24.69 
27-62 

18.21 
21.51 
23.64 
26.39 

30.03 27.59 
34-25 31.06 
36-76 33.11 
39.68 35.46 

24.81 
27.62 
29.24 
31.06 

3341 
38-31 
41.67 
45-66 

31.85 
36.76 
39.84 
43.48 

33.00 
38.31 
41-67 
45.45 

32-05 
37-17 
40.32 
43.86 

31.15 
35.97 
38-91 
42.37 

29.67 
34.01 
36.63 
39-84 

43.10 38.17 
46.30 I 40-65 
50.25 43.67 
53-48 46-08 

34-25 
36.23 
38-61 
40.49 

50.51 
55.25 
60-98 
66-23 

48.08 
52.36 
57.80 
62-50 

50.25 
54.95 
60.98 
73.53 

48.31 
>152.63 
58.48 
62-89 

46-51 
50.51 
.56.18 
60-24 

43-67 
47.17 
52.36 
59-87 

57.14 
59.88 
62.89 
66.23 

48.78 
50.76 
52.91 
55.29 

42.55 
44-05 
45-66 
47-39 

72.46 
77.52 
82.64 
89-29 

68.03 
72.99 
78-13 
84.03 

71-94 
76.92 
81-97 
88.50 

68-97 
73.53 
78.13 
84.03 

65.79 
69.93 
74.07 
79.37 

60.98 
64.52 
68-03 
72.99 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

97.09 
105-3 
116.3 
128.2 

90.91 
99.01 

108.7 
119.0 

96-15 
104.2 
114.9 
126-6 

90-09 
98.04 

107.5 
119.0 

84.75 
92-b9 

101.0 
111.1 

77.52 
84.03 
91-74 

101-0 
- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

144.9 
163-9 
178.6 
192.3 

133-3 
151-5 
163.9 
175.4 

142.9 
163.9 
178-6 
192-3 

135.1 
153-8 
166-7 
181.8 

126.6 
142.9 
153.8 
169-5 

113.6 
128.2 
138.9 
151.5 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

208-3 
227.3 
256.4 
294.1 

192.3 
208-3 
232.6 
263.2 

212-8 
232-6 
256.4 
- 

200-0 
222-2 
243.9 
277.8 

185-2 
204.1 
227.3 
296-4 

166.7 
185-2 
208-3 
232.6 

- 
- 

- 
- 

- 
- 

333.3 
400.0 

303.0 
370.4 

- 
- 

322-6 
384-6 

294.1 
344-8 

263.2 
303.0 



No. 

TABLE 13.-W IRE GAUGES IN COMMON USE 

B. é S. No. 

/n. 
4 '0 0.400 
:; ./0 0-372 
3f0 0.348 

0 0-324 
1 0-300 
2 0-276 

a 0-252 
4 0-232 
5 0.212 

G 0.192 
7 0.176 
8 0-160 

9 0-141 
10 0.128 
1 l 0.116 

12 0.101 
13 0.092 
11 0.060 

15 0-072 
16 0.064 
17 0.056 

15 ; 0-048 
1.8 0.040 

0.036 

21 0-032 
22 0-028 
23 0-024 

31m. 
10.160 
9.449 
8.839 

8.230 
7.620 
7.010 

6.401 
5.893 
5-385 

4-877 
4-470 
4.064 

3.658 
3-251 
2.946 

2-642 
2.337 
2.032 

1-829 
1-626 
1.422 

1.219 
1-016 
0.914 

0.813 
0-711 
0.610 

In. 
0-454 
0-425 
0-380 

0-340 
0-300 
0-284 

0-259 
0.238 
0-220 

0.203 
0.180 
0,165 

0-148 
0-134 
0.120 

0-109 
0-095 
0.083 

0-072 
0-065 
0-058 

0.049 
0-042 
0-035 

0.032 
0.028 
0-025 

Mm. 
11.532 
10.795 
9.652 

8-636 
7.620 
7.214 

6-579 
6-045 
5.588 

5.156 
4-572 
4.191 

3-759 
3-404 
3-048 

2-769 
2.413 
2.108 

1.829 
1-651 
1-473 

1.245 
1-067 
0.889 

0-813 
0-711 
0-635 

'n-
o-4600 
0-4096 
0-3648 

0-3249 
0.2893 
0-2576 

0.2294 
0.2043 
0.1819 

0-1620 
0-1443 
0.1285 

0-1141 
0-1019 
0.0907 

0-050S 
0.0720 
0-0641 

0-0571 
0.0508 
0.0453 

0.0403 
0-0359 
0-0320 

0-0285 
0-0253 
0.0226 

Mm. 
11-684 
10-404 
9.266 

8.252 
7-348 
6-543 

5-827 
3.189 
4.620 

4-115 
3-665 
3.264 

2-906 
2.588 
2-304 

2.052 
1-829 
1-628 

1-450 
1-290 
1-151 

1-024 
0.912 
0.813 

0-724 
0.643 
0-574 

B.W.G. B. .4. .4. 

/n. Attn. /n. Min. /n. Jinn. 

24 0.022 0.569 0.022 0.559 0.0201 0.511 

25 0.020 0.508 0.020 0-508 0-0179 0-455 

26 0.018 0-467 0-018 0-457 0.0159 0.404 

27 0.0161 0.417 0-016 0.406 0.0142 0.361 

28 0.0148 0.376 0.014 0-356 0-0126 0-320 

29 0-0136 0.345 0.013 0.330 0.0113 0.287 

30 0.0124 0-315 0.012 0.305 0-0100 0-254 

31 0-0116 0-295 0.010 0-254 0-0089 0-226 

32 0.0108 0-274 0.009 0-229 0.0079 0-203 

33 0.010C 0.254 0-008 0.203 0.0071 0.180 

34 0.004n 0.234 0-007 0.178 0.0063 0-160 

35 0.0084 0.213 0.005 0.127 0.0056 0-142 

36 0-0076 0.193 0.004 0.102 0-0050 0-121 

37 0.0068 0.173 -- -- 0.0045 0.114 

38 0.0060 0-152 -- -- 0.0040 0.1W 

39 0.0052 0-132 -- -- 0-0035 0-09( 

40 0.0048 0.122 -- -- 0.0031 0.074 

41 0-0044 0-112 -- -- 0.0028 0.071 

42 0-0040 0.102 -- -- 0.0025 0.06: 

43 0.0036 0.091 -- -- 0.0022 0.051 

44 0-0032 0-081 -- -- 0-0020 0-05' 

45 0.0028 0-071 -- -- 0.0018 0.0e 

46 0.0024 0.061 -- -- 0-00157 0.041 

47 0.0020 0-051 -- -- 0.00140 0-031 
0.00124 0.03 

48 0.0016 0-041 -- -- 0.00099 002-

49 0.0012 0.030 -- -- 0-00088 0.01 

50 0.0010 0.026 -- -- -- --

tib 
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.TABLE 14.—W IRE ABBREVIATIONS 

The following abbreviations are the recognized trade descriptions and 
should therefore be used when ordering or specifying: 

S.C.C. . 
D.C.C. . 
T.C.C. . 
Lam. . 
S.W.S. . 
D.W.S. . 
S.S.C. . 
D.S.C. . 
Enam. . . 
Enam. & S.S.C. 
Enam. & D.S.C. 
Enam. & S.C.C. 
Enam. & D.C.C. 
S.P.C. 
D.P.C. . 
T.P.C. . 
Standard . 
Fine . . 
B/D or Brd. . 
Compd. strand 
H.D. . 
S.D. . 
H.C. . 
Pl. Ou. . 
rd. cu. 
S.I.R. or S.P.R. 
D.I.R. or D.P.R. 
Pfd. • . . 
S.W.G. . 
B.W.G.. 
B. & S. . 
V.C. tapo 

3-33 

Single Cotton Covered 
Double Cotton Covered 
Triple Cotton Covered 
Laminated 
Single White Silk 
Double White Silk 
Single Silk Covered 
Double Silk Covered 
Enamelled 
Enamelled and Single Silk Covered 
Enamelled and Double Silk Covered 
Enamelled and Single Cotton Covered 
Enamelled and Double Cotton Covered 
Single Paper Covered 
Double Paper Covered 
Triple Paper Covered 
Standard Covering 
Fine Covering 
Braided 
Compressed strand. 
Hard Drawn 
Soft Drawn 
High Conductivity 
Plain Copper 
Tinnell Copper 
Single lapping of Puro Rubber 
Double lapping of Pure Rubber 
Paraffmed 
Standard Wire Gauge 
Birmingham Wire Gauge 
Brown & Sharp's Gauge 
Varnished cambrié tape (also known as 
" Empire " or " Lino " tape) 

Litz Wires 

The term " Litz Wire " is derived from the German " Litzendrahi " 
(litze, strand; . druht, wire), and is generally understood to apply to 
conductors which are built up by successive stranding of wires or groups 
of wires in groups of three, each individual wire being insulated with 
enamel or silk. 

Litz wires were developed tor use in high-frequency work; in which 
" skin effect" (the tendency of the current to flow along the surface of 
the conductor only) is encountered. . This tendency causes the resistance 
of a conductor at high frequencies to be much greater than its normal 
D.C. resistance. In order to reduce the effect the required cross-section 
of conductor is obtained by using a large number of small wires, each 
completely insulated from all the rest, twisted together in such a 
manner that throughout the whole length of the multiple conductor an • 
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individual wire occupies in turn all possible positions in the winding 
section. The necessary interweaving of the wires is usually brought 
about by constructing the stranded conductor on the " three ' system, 
in which three wires are first twisted together, then three of the three-
wire strands are twisted to form a nine-wire strand, and so on, the 
strands containing 3, 9, 27, 81, etc., wires. A slight variation of this 
construction is sometimes used, in which the number of wires in the 
original strands is other than three, but the further stranding conforms 
to the " three " system. 
The accompanying tables give details of some of the standard sizes 

of Litz Wires, but the range can, of course, be extended considerably 
by using larger wires and by multiplying the stranding process to give 
243, 729, etc., wires. If a copper area slightly different from that of 
the standards is required, this can be achieved by altering the number 
of wires in the first groups, e.g.' 3/3/4 wires can be used instead of 3/3/3. 
The length of lay can also be adjusted, if necessary, to suit particular 
requirements. In the case of heavy Litz strands, it is sometimes the 
practice to compress the finished conductor into a rectangular section 
convenient for the particular application. 

It is usual to apply an overall insulation of silk, glace- cotton or other 
textile cove-ing to the stranded conductor, or alternatively to treat it 
with a coating of wax or varnish which bonds the individual wires 
sufficiently to avoid displacernel t in wiring. 

Attention is drawn to the fact that S. 1258: 1948 for " Textile-
covered bunched enamelled-copper wire conductors" does not cover 
Litz wire (see Clause 1—" Scope "). 

TABLE 15.—LITZ W IRES• LENGTH or LAY (INCHES) 

Diameter of 
Bare Wire 

Length of Lay (Inches) 

S.W.G. Inch 
3/3 = 9 
,Wire 

Conductors 

48 
47 
46 
45 
44 
43 
42 

41 
40 
39 
38 
37 
38 
35 
34 
33 

0-0016 
0-0020 
0.0024 
0-0028 
0-0032 
0-0036 
0-0040 
0-0044 
0-0048 
0-0052 
0-0080 
0-0088 
0-0078 
0-0084 
0-0092 
0-0100 

t e 
I, 

3/3/3 = 27 3/3/3/3 = 81 Wire 
Wire Conductors Conductors 

1 
1 

1 

11. 

1 
1 

1 
1 
14 
14 
14 
2 
2 
2 
2} 
24 
21t 
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TABLE 16.-LITZ W IRES. ENAMELLED W IRES, STRANDED AND 
D.S.C. OVERALL. 

Diameter of Single 
Wires (Bare) 

Inch S.W.G. 

Diameter 
of Single 
Enamelled 

Wires 
(Inch) 

Approximate Overall Dunn•ter 
(Inch) 

3 
Wires 
3 

9 
Wires 
3/3 

9- - 81 
Wires Wire. 
3'3:3 3:33/3 

0-0016 
0.0020 
0.0024 
0.0028 

0.0032 
0.0036 
0.0040 
0.0044 

0-0048 
0.0052 
0.0060 
0.0068 

0-0076 
0-0084 
0.0092 
0.0100 

48 
47 
48 
45 

44 
43 
42 
41 

40 
39 
38 
37 

36 
35 
34 
33 

0-0020 
0-0025 
0-0029 
0-0034 

0-0038 
0-0043 
0-0047 
0-0052 

0-0056 
0-0060 
0-0069 
0-0078 

0-0086 
0-0095 
0-0104 
0-0113 

0-0062 
0-0075 
0-0083 
0-0093 

eoun 
0.0111 
0-0119 
0-0129 

0-0137 
0-0145 
0-0163 
0-0181 

0-0197 
0-0220 
0-0238 
0-0256 

0-0103 
0-0123 
0-0139 
0-0158 

0-0174 
0-0193 
0-0209 
0-0234 

0-0250 
0-0265 
0-0300 
0-0336 

0-0367 
0-0402 
0-0438 
0-0473 

0-0178 0-0330 
0-0222 0.0407 
0.0253 0-0467 
0.0291 I 0.0552 

0-0322 0-0614 
0-0360 0.0686 
0.0390 0.075Q 
0.0430 0.0834 

0.0461 0.0895 
0.0491 j 0.0954 
0.0570 0.1090 
0.0639 0.1223 

0-0711 0-1.342 
0-0780 0-1480 
0.0850 0-1625 
0.0918 0-1750 

In order to avoid any possibility of confusirn when ordering Litz 
wire, the method of stranding should be given, no:, only the number and 
size of wire: e.g., 81/0.0024 in. should be ordered as 3/3/3/3/0-0024 in. 
The direction of twisting is usually as follows: 

First process . . 
Second process 
Third process . 
Fourth process . 
Further processes . 

• Left hand 
• Right hand 
. Right hand 
• Left hand 
• Alternate directions 

Sell-bonding Wires 

Self-bonding wires have recently been developed in order to meet the 
demand for a wire capable of being used to make rigid, self-supporting 
coils without formers or taping. An example of this type of wire is 
" Lewmexbond ", which consists of standard " Lewmex " wire with an 
additional coating of thermo-bonding material. The increase in 
diameter due to the additional covering is usually of the order of from 
It to 1 mil, according to the size of the wire. The other conductor sizes 
to which this treatment is applied are limited to the range of 0.030 in. 
and finer. 

Self-supporting coils are produced by heating the wire whilst it is on 
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the former, and removing the coil when the wire has cooled. The bonding 
occurs through the welding of the outer coatings of adjacent turns of the 
wire. Any form of heating may be employed, but the best method is 
to pass a current through the coil sufficient to raise it momentarily to 
130-150' C. The heat dissipation throughout the coil is almost 

uniform. 
Such coils can be used for many purposes, including coils of matched 

inductance, such as those used as deflection coils for television, small 
frame aerials and tuning coils. 

RARE AND PRECIOUS METALS 

Fine silver, standard silver, iridium-platinum, palladium-silver, 
platinum-silver-gold, silver on copper bi-metal are largely used for 
metal contacts in scientific and precision instruments. Iridium, 
platinum and tungsten contacts find their chief applications in magnetos 
and coil-ignition equipment. Iridium-platinum and rhodium-platinum 
are utilized for the electrodes of cathode-ray tubes. Osmium salts are 
employed chiefly in the manufacture of photo-electric cells. Platinum 
and rhodium-platinum provide two • excellent materials for tarming 
thermocouples, particularly where stability of operation is the prime 
consideration. 
The table gives the properties of the rare and precious metals which 

are used for contact materials. 

TABLE 17.-RARE AND PRECIOUS META.L9 

Metal 

Silver 
Platinum 
Palladium . 
Gold . . 
Iridium   
10% Gold-silver . • • 
5% Palladium-silver • 
10% Palladium-silver . 
20% Palladium-silver . 
Standard silver (7j% Copper) 
10% Copper-silver . . 
20% Copper-silver . . 
50% Copper-silver . . • 
Cadmium-silver (Elkonium 17) . . 
Cadmium-copper-silver (Elkonium 18) 
10% Iridium-platinum . • • 
20% Iridium-platinum . • 
25% Iridium-platinum . . 
30% Iridiun-platinum . • • 
10% Ruthenium-platinum . • 
14% Ruthenium-platinum . • 
Iridium-ruthenium-platinum (Irru) 
Irldium-osmium-pletinum . • 
Moledenum-platinum . 
40% Silver-palladium . 
40% Copper-palladium . 
30% Silver-gold . • 
Platinum- silver-gold . 

Density 
Vickers Resistivity Melting 
Hardness (Makin. Point 
(Annealed) cube) (" 

10.5 26 1-6 961 
21-4 65 11-6 1,766 
11.9 40 10-7 1,552 
19.3 20 2.4 1,063 
22.4 220 5.3 2,454 
11-4 29 3-6 965 
10.5 33 3.8 975 
10.6 40 5.8 1,000 
10.7 55 104 1,070 
10.3 56 1.9 778 
10-3 62 2-0 778 
10.2 85 .2.1 778 
9.7 95 2.1 778 

10.3 55 5.8 850 
10.1 65 4.2 800 
21-6 120 24.5 1,780 
21.7 200 30-0 1,819 
21.7 240 32.0 1,845 
21.8 285 32.3 1,885 
19.9 200 42.2 1.780 
19.5 240 45.8 1,800 
20-8 310 39.0 1,890 
22.0 540 - 2,400 
20-5 195 58.5 1,700 
11.0 95 35.8 1,290 
10-4 145 35.0 1,200 
16.6 32 10.4 1,025 
174 60 16.8 1,100 
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SOLDERS AND FLUXES 

The econcmy of the soldering operation and the quality of jointe 
depend on the choice of correct grades of solder and flux and the most 
suitable method of soldering. 

Soft solders are basically lead-tin alloys, with sometimes a small 
proportion of antimony, which strengthens the metal. British standard 
grades of solders are given in the following table. 

TABLE 18.—STANDARD GRADES OF SOLDERS 

Grade Tin Antimony 
(%) ( (Yu) 

Melting Tempera-
ture (Approx.) 

o 

Uses 

A 64-65 
K 59-60 

0.6 * 
0.5 * 

183-185 
183-188 

361-365 
361-370 

Components liable to 
dagiage by heat or re-
quiring free-running 
solder, e.g., electrical, 
radio and instrument 
assemblies, machine 
soldering of can end-
seams. 

B 49-50 
F 49-50 
M 44-45 

C 39-40 
G 39-40 

2-5-3.0 
0.5 * 

2.3-2-7 

185-204 
183-212 
185-215 

365-399 
361-414 
365-419 

Coppersmiths' and tin-
smiths' bit soldering; 
general machine sol-
der¡ng (e.g., can end-
seams). 

2.0-2-4 
0.4 * 

185-227 
183-234 

365-441 
361-453 

Blowpipe soldering; 
soldering of side seams 
on high-speed, body. 
forming machines. 

L 31-32 
D 29-30 
J 29-30 

1.7-1.8 
1.0-1.7 
0.3 * 

185-243 
185-248 
183-255 

365-469 
365-478 
361-491 

Wiping of cable and 
lead pipe joints; dip-
ping baths. 

• These solders are classified as non-antimonial types, the percentage anti-
mony figure being the maximum percentage of antimony as an impurity. 

Soldering Fluxes 

ACTIVE FLUXES. These contain chlorides, are rapid in action and 
very effective in cleaning the metal surface and promoting spread and 
penetration of • the solder. They are• suitable for use on all common 
metals, with the exception of aluminium and its alloys. 
SAFETY FLUXES. Resin-base fluxes are not so rapid or effective, 

but have the advantage that they are completely non-corrosive, so 
that the joint need not be cleaned after soldering. Such fluxes should 
always be used in the soldering of electrical conductors. 
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CORED SOLDER. Solder wire with a continuous core of flux is useful for 
" spot soldering ", particularly where the joint is rot readily accessible. 
SOLDER PAINT. This is a creamy mixture of powdered solder with an 

active flux. It is used for tinning and for sweat soldering; in the latter 
application the joint members are brushed over with the paint, 
assembled and then heated to soldering temperature by any convenient 
method. 

Fusible Solders 
For delicate work which might be damaged by heat when a normal 

solder is used, special fusible solders are available. 
There is a sefie4 of alloys covering a range of melting points down to 

70° C. ( 158° F.). 

Soldering of Radio Components 
For general repair and construction of radio and television assemblies 

the following points should be observed: 

(1) Only non-corrosive fluxes should be used. Cored solders 
with resin-based fluxes are generally convenient. For miniaturized 
assemblies—where the lengthy application of heat may have 
harmful effects—a liquid flux of resin-base permits joints to be 
made rapidly. Acid-based fluxes, such as killed spirits, should 
not be used. 

(2) All wires, tags and solder should be clean and free from 
oxidation. Since the cleansing action of non-corrosive fluxes is 
less affective than with active fluxes, greater care is needed in pre-
cleLning of wires and tags, and it is often advisable to tin these 
parts before assembly. 

(3) The iron should be clean, adequately tinned and should be 
about 50° C. above the liquefying point of the, solder. With 
cored solders, " spitting " indicates too high a temperature of the 
bit, while " plasticizing " indicates too low a temperature. 

(4) When using cored solders, the iron should never be used to 
carry the solder to the joint: whenever possible apply the iron 
beneath the joint and then apply the solder from above. 

(5) Fine-gauge enamelled wires should not be scraped with a 
knife or with emery cloth, as this may damage the wire. A 
suggested method of cleaning them is to heat such wires in the flame 
of a spirit lamp, plunge them into methylated spirits and finally 
to wipe them dry. 

(8) Dry joints, which may introduce considerable resistance 
into joints, are formed by layers of undiffused resin; this may be 
caused by too brief an application of the soldering-iron or by the 
bit being at too low a temperature. 

Soldering to Aluminium 
Soldering of connections to aluminium and its alloys by normal 

methods is seldom effective. In recent years, however, equipment has 
been marketed specifically for this purpose using an iron whose bit is 
subjected to a supersonic frequency produced by magneto-striction. 
This supersonic frequency prevents oxidation by disturbing the fluxing 
metal. A tin"zinc-based solder is used. 
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TABLE 19.-TRE ELEMENTS IN ORDER OF ATOMIC •NUMBER 

Period 

.2 t 

gl Nome 1 Atomic 
Weight 

Period 
..., t 
El 

Z e 
.Namc 

•••• 
t Atomic 

Weight 

I 1 Hydrogen . H 1-008 V 49 Indium . . In 114.8 
2 Helium . He 4.002 50 Tin . • . Sn 118.7 

51 Antimony . Sb 121.8 
II 3 Lithium . LI 6.94 52 Tellurium . Te 127.6 

4 Beryllium . Be 9.02 53 Iodine . . I 126.9 
5 Boron . . B • 10.82 54 Xenon . . Xe 131.3 
6 
7 

Carbon . 
Nitrogen . 

C 
N 

12.00 
14.008 55 VI Cesium . Cs 132.9 

8 Oxygen . 0 16.00 56 Barium . . Ba 137.4 
9 Fluorine . F 19.00 57 Lanthanum . La 138-9 

10 Neon . . Ne 2018 58 Cerium . . Ce 1404 
59 Praseodymium Pr 140-9 

III 11 Sodium . Na 22-99 60 Neodymium . Na 144-3 
12 Magnesium . Mg 24.32 61 Promethium . Pm 147 
13 Aluminium . AI 26.97 62 Samarium . Sm 150.4 
14 Silicon . Si 28-06 63 Europium . Eu 152.0 
15 Phosphorus . P 31.02 64 Gadolinium . Gd 157.3 
16 Sulphur . S 32.06 65 Terbium . Tb 159.2 
17 Chlorine . CI 35.46 66 Dysprosium . Dy 162.5 
18 Argon . . A 39•94 67 Holmium . Ho 163.5 

68 Erbium . Er 167.6 
IV 19 Potassium . K 39.09 69 Thulium . Tm 169.4 

20 Calcium . Ca 40.08 70 Ytterbium . Yb 173.0 
21 Scandium . Sc 45.10 71 Lutecium . Lu 175.0 
22 Titanium . Ti 47.90 ' 72 Hafnium . Hf 178-6 
23 
' 

Vanadium . V 50-95 73 Tantalum . Ta 181.4 
24 Chromium . Cr 52.01 74 Tungsten . W 184.0 
25 Manganese . Mn 54.93 75 Rhenium . Re 186.3 
26 Iron . . Fe 55.84 76 Osmium . Os 191.5 
27 Cobalt Co 58.94 77 Iridium . Ir 198.1 
28 Nickel . . Ni 58.69 78 Platinum . Pt 195.2 
29 Copper . Cu 63.57 79 Gold . . Au 197.2 
30 Zino . . Zn 65.38 80 Mercury- . Hg 200.6 
31 Gallium . Ga 69.72 81 Thallium . TI 204.4 
32 Germanium . Ge 72.60 82 Lead . Pb 207.2 
33 Arsenic . As 74.91 83 Bismuth. . Bi 209-9 
34 Selenium . Se 78-96 84 Polonium . Po 210 
35 Bromine . Br 79-91 85 Astatine . At 211 
36 Krypton . Kr 837 86 Radon . . Rn 222 

V 37 Rubidium . Rb 85-44 VII 87 Francium . Pr 223 
38 Strontium . Sr 87.63 88 Radium . Ra 226.0 
39 Yttrium . Y • 88.92 89 Actinium . Ac 227 
40 Zutonium . Zr 91.22 90 Thorium . Th 232-1 
41 Niotuum . Nb 92-91 91 Protoactinium Pa 231 
42 Molybdenum Mo 96-0 92 Uranium . U 238.1 
43 Technetium . To 99 93 Neptunium . Np 237 
44 Ruthenium . Ru 101.7 94 Plutonium . Pu 239 
45 Rhodium . Rh 102-9 95 Americium . Am 241 
46 Palladium . Pd 106-7 96 Curium .. Cm 242 
47 Silver . . Ag 107.9 97 Berkelium . Bk 243 
48 Cadmium . Cd 112.4 98 Californium . Cf 244 



TABLE 20.—MECITA24ICAL AND PHYSICAL PROPERTIES 011' ELECTRICAL STRUCTURAL MATERIALS 
S specific gravity. 
w' — weight, lb./cn. ft. 
w" = weight, lb./cu. in. 
f, = elastic stress limit, tons/sq. in. 
f, ultimate tensile strength, tons/sq. in. 
• E — Young's modulus, thousands of tons/sq. in. 
f, = working stresses, tensile, compressive, shear, tons/sq. in. 
a = coefficient of linear expansion x 10—./* C. 
e = specific heat (15-100° C.). 
k thermal conductivity, N/c.c /' C. 
— melting point, C. 

Aluminium 
Cast 
Annealed 
Wrought 

Brass (60 
Gnat 
Cold-roll 

Bronze: 
Hard-dra 

Cadmium-
Ilard-dra 

Copper: 
Cast 99-6 
Annealed 
Hard-dra 

Copper-clad 
30-40% 

Duralumin 
Annealed 
Rolled 

Material S w' w" 

0-097 
0-098 
0-098 

f, 

3-4 
3-5 
8-9 

f, 

4-6 
5 

12 

E 

4-3 
— 
4-3 

II 

1.5-2 
2 
7 

f, f, a e 

: 
. . . . . 2-67 

2-7 
2-7 

166 
169 
169 

— 
— 
— 

— 
— 
— 

24 
24 
24 

0.214 
0-214 
0-214 

.1, 40 Zn): 
. 8.4 525 0-304 9 20 5.5 2-3 1.5 — 18-9 0-094 

525 0.304 20 30 5.5 10-12 — — — — 

. 8•89 555 0.32 — 45 6-7 22 — — 18 

opper: 
wn, 93% cond. . . 8-9 555 0.32 20-30 30-36 8.5 16 — 16-6 0-095 

% Cu. . . . 8.7 54à 0.31 3-4 8-11 5 1-75 2-75 — 17 0.093 
, 99-9% Cu . . 8-9 555 0-32 3-5 12-18 7 2.6 — 1.0 17 0-093 
wn . . . . 8-9 555 0-32 — 22-29 8 8-12 — — 16-8 0.093 

steel : 
:onductivity . . 8-25 514 0-298 — 45-60 10 18-35 — — 12-8 — 

(94 Al, 4 Cu, 0.5 Mg) r 
. . . . 2-79 173 0-10 16 25-29 4-7 8-9 8-9 — 22.6 — 

. . . . . 2-79 173 0-10 33 35 — 20-25 — — — — 

2-0 
2-0 

3-8 

660 
660 
660 

890 

950 

1,080 

1,100 
1,100 

1-3 650 

R
A
D
I
O
 
A
N
D
 
T
E
L
E
V
I
S
I
O
N
 
R
E
F
E
R
E
N
C
E
 
B
O
O
K
 



Iron: 
Wrought (electric) 
Cast 
Malleable cast . 
Nornag cast . 

Phosphor-bronze: 
Cast 
Hard-drawn . 

Steel : 
Cast (0-3-0-5% C) . 
Armature (2% Si) . 
Transformer (2% Si) 
Transformer (4% Si) 
Galvanized wire . 

Ibutistance alloys • : 
80 Ni, 20 Cr . . . (a) 
59 Ni, 16 Cr, 25 Fe . . (b) 
37 Ni, 18 Cr, 2 Si, Fe Bal.. (e) 
46 NI, 54 Cu . . . (d) 
80 Cu, 20 Ni . . • (e) 
62 Cu, 15'Ni, 22 Zn . • . (f) 
84 (lu, 12 Iln, 4 Ni . . (g) 

7-85 
7-8 
7-4 
7-2 

8-7 
8.7 

7-7 
745 
7.7. 
7-6 
7-84 

8-34 
8-28 
8.53 
8.88 
8.97 
8-95 
8-5 

490 
486 
461 
450 

642 
542 

480 
483 
480 
468 
490 

522 
617 
532 
555 
558 
557 
628 

0-284 
0-281 
0.266 
0-26 

0-314 
0.314 

0-278 
0.280 
0-278 
0.271 
0.284 

0.302 
0-299 
0.208 
0-321 
0-324 
0-323 
0-306 

14-16 

14 

10-11 

12-16 
13 

14-18 
30 

15-50 

16-20 
8-15 
25 
9-14 

16-18 
30-70 

25-35 
20 
22 
40 

23-80 

47-5 
44-5 
47 
32.5 
23 
30 
60 

11-13 
6-7 
11 

5-6 
7-6 

13-5 

13 

12-5 
12-5 
9 

12 

8-6 
2.5 
8-10 
2-5 

4-5 
20-45 

8-9 

11-40 

e 
10 
10 
10 

4-5 

8-9 5-6 

12 0.115 
10-5 0-119 
— 0-110 
11-9 0-13 

17 

11-13 0-117 
— 0-117 
— 0-117 
— 0.119 

11-13 0-117 

12.5 0-103 
12-5 0.112 
14-2 — 
14-9 0-098 
• 0-097 

18 0-095 
18 

0-68 
0-67 
0-66 

0-67 

0-41 

0-038 

0-054 

0-25 
0.215 

1,600 
1,376 

1,20- 0 

900 
900 

1,400 
1,400 
1,400 
1,400 

1,420 
1,420 
1,360 
1,250 
1,175 

• Allays : (a) Briglitray C and S (working temperature up to 1,150° C.); (b) Brightray B (950° C.): (e) Brightray F (certain types of furnace 
up to 1,100* C.); (d) Ferry (200° C.); (e) Cupro (350° C.); ( () German Silver, Platinoid; (g) blangiudri (Working temperature, 450° C.). 

S
i
V
1
2
1
3
1
V
k
l
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TABLE 21.--ELECTRICAL PROPERTIES OF CONDUCTORS 

fkm. = resistivity, p0-cm. at 20° C. 
pis. ••• resistivity, at 2C C. 

y/yce - relative conductivity, % of standard annealed copper. 
a resistance-temperature coefficient per ° C. X le. at 20° C. 

Material Peno. Pls. v/vca 

International standard annealed copper 
Aluminium and alloy: 
Aluminium, cast . . 
Aluminium, hard-drawn 
Duralumin . . . 

Copper and alloys: 
Copper, annealed. . 
Copper, hard-drawn . 
Brass (60/40), cast . 
Brass (60/40), rolled . 
Bronze . . . 
Phosphor-bronze, cast . • . . • 
Cadmium-copper, hard-drawn, 93% cond. 
Cadrnium-copper, hard-drawn, 82% cond. 
Copper-clad steel, hard-drawn, 40% cond. 
Copper-clad steel, hard-drawn, ..0% cond. 

Iron and steel : 
Iron, wrought (electric) . . . 
Iron, cast, grey . . . . . 
Iron, cast, white . • • • 
Iron, cast, malleable . • • 
Iron, east, nomag . . • 
Steel, 0-1% carbon . • 
Steel, 0.3-0.6% carbon 
Steel armature, < 2% Si 
Steel armature, 2% Si . 
Steel armature, 4% Si . 
Steel wire, galvanized . . • 
Steel wire, galvanized, 45-ton 
Steel wire, galvanized, 80-ton 

Resistance alloys •: 
80 Ni, 20 Cr . . . (a) 

. 59 Ni, 16 Cr, 25 Fe . . (b) 
37 Ni, 18 Cr, 2 SI, Fe bal. • (e) 
4b Ni, 54 Cu . . • (d) 
80 Cu, 20 Ni . • • (e) 
62 Ou, lb Ni, 22 Zn • (f) 
84 Cu, 12 Mn, 4 Ni • (g) 

Other Conductors: 
Carbon, graphitic . . 
Carbon, arc-lamp • • 
Gold . . . • 

• 
• • • 

. . 
Mercury   
Molybdenum 
Nickel 
Platinum   
Silver, annealed . 
Silver, hard-drawn 
Tantalum   
Tungsten -  
Zinc 

1-72 0-678 100 39-3 

2.6 1.02 66 39.0 
2-8 1-20 62 39.0 
4.7 1-85 36.5 - 

1-69-1-74 0-665-0-685 102-99 39-3 
1.74-1-81 0-685-0-712 99-95 38-1-39 

7.5 2-95 23 16 
9-0 ' 3-55 19 16 
3-6 1-41 48 16-5 

6-12 2-4-443 29-14 10 
1.85 0-727 83 - 
2.1 • 0-825 82 40 
4-31 1-70 40 37-5 
5-75 2-27 30 37-5 

10.7 4-23 16 55 
70 27-5 2-45 - 

100 39-3 1.72 20 
29-5 11.6 5-85 - 

160 63 1•12 4.5 
20 7.9 8-6 42 
12-19 4.7-7-5 14-3-9 42 
15-20 5-9-7-9 11-6-8.6 - 
35 13-8 4-9 - 
65 21-6 3.1 - 

13-14-5 5•1-5-7 13-3-11.8 44 
17 6-7 10 . 34 
21-5 8-5 8 34 

109 40.6 1.65 1-0 
110 41-8 1-62 2-0 
108 35-8 1-89 2.6 
49 18-9 3.6 0-4 
26 10-2 6.6 2.9 
34-4 13-5 5.0 2.5 
48 18-9 3-6 o 

4,600 1,810 0-037 -0-2 
5,080 2,000 0-034 -6 
2•36 0-93 73 30 

22-0 8-65 7-8 40 
95-5 37-6 1-8 7 
5-7 2-24 30 40 

13-6 5-34 12-6 50 
11-7 4-61 14.7 39 
1-58 0.626 109 40 
1-75 0-685 98.5 40 

15.5 6.1 11-1 31 
5-6 2-2 31 45 
6.2 2-43 28 ' 40 

• Alloy+: (a) Brightray 0 and S for furnaces, fires, heater elements; (b) Brightray B, for 
irons, tubular beaten; (e) Brightray P for certain types of furnace element; (d) Ferry for 
control resistances; (e)Oupro; (f) German silver, Platinoid, for instruments; (g) Manganin, 
for instrument shunts and resistance standards. 
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PRINTED CIRCUITS AND PRINTED COMPONENTS 

The idea of " printing " the complicated wiring of radio equipment 
was first proposed by John Sargrove in 1947. At that time it seemed 
that the new process would have widespread application, but for several 
years only sporadic use was made of the idea. Recently, however, 
many cases have arisen where the printing methods are regarded as 
fully acceptable not only from an economic point of view but also on 
account of their reliability and assistance in miniaturization. With 
the complex circuitry of modern electronic equipment every means 
possible is being sought to reduce labour costs, especially those associated 
with wiring and maintenance. 
Two major trends are evident: 

(a) The uso of proprietary sub-assemblies. 
(b) The use of printed wiring and components. 

Proprietary sub-assemblies are growing in number. A typical ex-
ample of this type of component is the multiple ceramic capacitor, 
which enables all decoupling capacitors having a common earth and 
associated with one particular valve-holder to be embodied in a single 
unit; their use not only reduces cost but also provides a greater 
degree of control over " wiring-variables" often so troublesome in 
V.H.F. work. Another component of this type is a complete mains-
interference filter. 
The use of printed circuits and printed components now appears in 

many pieces of equipment such as hearing aids, computor circuits, 
amplifier strips, television defl,•ction coils, transceivers, guided missiles, 
etc., whore much of the circuitry is complete, apart from the simple 
addition of the valves. 

Advantages and Disadvantages of Printed Circuitry 
Printed circuits start off with the advantage that excellent conductors 

(i.e., silver or copper) can be used ; further, such circuits are generally 
printed on a base-material of very good insulating value—high-grade 
laminated sheet to R.C.S. lutfü Grado 1 specification being a most suit-
able plastics base. Iteliabi;ity is, however, perhaps one of the main 
advantages, in so far as the many hand-made joints of conventional 
constructional techniques are eliminated, each a potential " dry-joint " 
with its attendant troubles. The chances of a human error are reduced, 
and less inspection is necessary. 

Other advantages are: mass-production methods can easily be 
introduced with the minimum of complicated tooling; the accuracy of 
printed components is high, being of the order of 1 per cent and the 
Q. of circuits are also satisfactory; little screening is necessary owing to 
the close coupling of components, and connections, being short, ensure 
a high efficiency; reduction in biz° also encourages economy and pro-
motes the trend towards miniaturization, so necessary in many items, 
such as deaf-aid equipment or in guided-missile work. 
" Printing " is not without its disadvantages, for instance an advanced 

production unit can involve a heavy capital outlay, and it is difficult to 
change design at short notice. 
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FIG. 8.—STENCIL FOR A PRINTED CeCUIT. 

Printed-circuit Methods 
Several methods are available tor " printing" circuits and com-

ponents, the chief of which are: 
The " Stencil" or " Masking" Technique, in which a stencil of the 

required outline is first prepared, by photographic reduction from a 
master drawing or by the use in simple cases of masking tape. The 
conducting material is then applied by one of a number of possible 
methods, e.g., by brush painting, by a dusting technique, by spraying, 
by chemical deposition or by cathodic sputtering in a high vacuum. 

The Printing Technique, in which silver ink is printed on to a glass 
or ceramic base and then fired. This form gives particularly good 
adhesion, as required for rotary switches. 

Photo-etching. in which an image of the circuit required is printed 
on to a copper-bonded laminate-base material (this is described in more 
detail later). 

Die-etamping Proem, in which an inlay of the correct shape is 
stamped out and applied to the ends of all tho components and then 
automatically soldered in one dip operation or, alternatively, bonded to 
a sheet of insulating material. 

Preparation of Master Drawings 
An enlarged (two or three times) reproduction of the wiring pattern 

required is first prepared, the conductors being drawn in black on a 
dimensionally constant white paper mounted on Bristol Board; any 
alterations are made in white ink—erasing and fold marks being avoided. 
Centre holes are shown by circles, and the line width will depend on the 
current to be carried—say ./f-1 in. for heavy current and from to * in. 

i only, for average work. The line spacing s made not less than 312-11K 
in. to avoid difficulty when dip-soldering. 
One body of opinion is that large areas of metal should preferably 

have their overall area reduced by the " picket-fence " method or by 
cross-hatching in such a manner that the lines in the newly broken-up 
areas have similar width to the circuit—this ensures uniform heating 
and consequent even coating with solder. Other manufacturers prefer 
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to leave intact as much of the foil as possible and to leave the minimum 
thickness of insulation between conductors. The advantages of this 
are that less costly etching away is required, wide conductors of high 
current-carrying capacity and good heat dissipation are formed, and 
good screening results; furthermore, the presence of foil enables capaci-
tors to be formed easily. The foil also presents a non-hygroscopic 
surface, eliminating fluctuations in electrical values with atmosphere 
changes. Where possible double-clad foil' is preferable, as it is much 
stronger and warping is considerably reduced. 

Photographic reduction from large dimensions enables accurate 
spirals for inductors to be produced with very small turn-width, so that, 
due to the physical characteristics of the flat spiral, its self-capacitance 
is almost negligible. 

Photo-etching Process 

This process is frequently used. ' The raw materials are the so-called 
copper-clad laminates, which are roughly of two type- • (a) the simple 
insulation-backed metal-foil type; this may be single-ctad or double-clad, 
depending on whether it is intended to print a circuit on one side only 
or on both sides of the card; (b) alternatively a multi-layer material 
may be used. For complicated circuit work, such multi-layer materials 
may comprise, for example, a copper film/nickel film/insulator or a 
copper film/carbon film/insulator. 
The first stage in the photo-etching process is to print an acid-resisting 

image of the circuit on to the copper, so that th p area of foil covered by 
the image will be protected against attack when immersed .in acid, 
whereas the areas of foil not protected will be removed by the acid. 
This may be done in at least four different ways: 

The Ordinary Printer's Procedure.—With this method the usual 
" block ". is made from the master drawing of the required circuit. 
This is then used in the ordinary printing machine but using acid-proof 
ink and its impression imparted to the copper-clad laminate. The 
method is particularly applicable to long runs of mass-produetion work. 
The Photo-mechanical Method.—In this method the copper laminate is 

uniformally coated with a material sensitive to ultra-violet light. It is 
then exposed through a negative of the required circuit and developed. 
The action of the ultra-violet light is to harden the coating into an in-
soluble film, whereas the unexposed parts are soluble in the developer. 
The method gives great accuracy and is particularly applicable to 
intricate work. The film may be heat toughened if required for further 
acid resistance. 

Either chemical or electrolytic etching can be used to remove the foil 
not protected by the film depicting the required printed circuit. In the 
case of copper, ferric chloride is used as the mordant, and continuous 
agitation and close time and temperature control are necessary for 
consistent results. Washing in hot and cold water, followed by drying 
and removal of the photo-resist image, completes the operation. 

"Fusible-foil De-printing Method."—This is a method of limited 
application in .which a low-melting-point foil of zinc, lead or tin on 
paper or similar support is used. The " block " of the circuit has its 
surface tinned, the foil is heated in the printing machine and, when the 
impression is made, the two metallic parts unite and the fused metal is 
lifted away, and subsequently removed by a " wiper ". The main 
advantage of the process is that it is rapid and cheap. 
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FIG. 9.—A T Y PI CA L PRINTED CIRC CIT. PREPARED WITH THE STENCIL 
SHOWN IN .FIG. 8. 

stamping or Mechanical Printing.—In this system several variations 
are possible; but in general it may be said that the object is to first 
semi-punch-out the foil circuit, leaving temporary bridge pieces for 
support. This is then bonded to its insulating support, and the bridge 
pieces and the accompanying insulation are punched away. In one 
variation a Veé tool presses the " wanted " foil into the insulator, there-
by, at one and the same time, effecting the bonding operation; the 
remainder is easily peeled away. Another variation removes the 
unwanted foil by " abrasion ", and this method is particularly applic-
able to " carbon-resistance materials ", which are unaffected by etching. 

The Rating of Printed Wiring 

Printed circuits can be used at both " ends " of a radio or television 
receiver, namely, for the very small currents associated with the radio-
frequency input stages or, equally well, for the audio-frequency output 
and even for the " mains " connections. With the former, the " wir-
ing " is frequently very much associated with the printed components 
themselves, but at the audio-frequency end the output transformers and 
other components are usually quite large and require mounting on a . 
metal chassis. In this case the printed wiring may +conveniently be 
'carried out on a sub-panel which is slipped over the tags of the large 
components, the connections being completed by hand soldering. A 
cross connection becomes virtually impossible, and semi-skilled workers 
may be engaged on such assembly work. 
The copper used in printed circuitry has a large surface area in com-

parison to its thickness and, being clean and bright, has a high radiation 
efficiency, so that it can safely carry comparatively heavy currents. 
The exact carrying capacity or temperature rise depends on ventilation. 
proximity of other components and other factors. As a guide, and for 
a copper thickness of rkh in. a -?i-in.-wide line could carry 2 ar. pa. for 
a 5° C. rise or 4 amps. for 20° C. rise, while a i-in. line could deal with 
6 amps. and 10 amps. respectively. For silver-plated circuits an addi-
tional 20 per cent could be expected. The high heat dissipation of foil 
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resistors can largely overcome the usual cooling difficulties associated 
with heavy-duty resistors, and by suitable bonding much of the heat 
can be conducted to the chassis. 
Eddy Current Loes.— Silvered-copper flexible-foil conductors can be 

twisted into such a shape that th-.ir width can lie in the direction of any 
magnetic field present, i.e., when carrying radio-frequency currents the 
skin effect causes it to flow in the wide silver surface, so reducing eddy 
current losses, and making the new medium comparable with litz-wire. 
An embossing operation on an experimental coil causes the conductors 
to stand up, and this raises the Q factor. 
The insulation resistance of printed wiring, like that of all other wiring, 

depends on three main factors: 

(a) the quality of the base or supporting material; 
(6) the conditions of the exposed surface, i.e., its cleanliness, 

temperature and humidity; and, 
(c) the length of the printed circuit and the distance apart of the 

component •-iarts; thus two printed conductors 8 in. long and 
separated 13:, Ijr in., and printed on material of surface resistivity 
of 5 x 104 MD/sq. cm., would have an insulation resistance of 
50,000 MD. 

Protective Coatings.—The variable factor in the insulation resistance 
of printed circuits is the surface condition, and three means may be 
used to combat ill-effects: 

(a) the ink or photo-resist where used during manufacture may 
be left on except at junction points; 

(6) a protective material may be applied; or 
(c) the circuit may be folded and embedded in " casting-resiit ". 

in which case most of the difficulties disappear. 

FIG. 10.—THE UNIT SHOWN LN FIG. 9 BEFORE PRINTED-CIRCUIT TECH-
NIQUES WERE INTRODUCED. 
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FIG. I I.—PRINTED COMPONENTS—NOTE PRINTED CAPACCOR ON 
RIGHT-HAND SIDE. 

Printed Components 
In addition to printing the wiring, it is also possible to " print " 

number of components. 
Inductors.—Inductors of low inductance value of the flat spiral type, 

i.e., those for television frequencies and for their corresponding inter-
mediate frequencies, lend themselves to the printing technique. Vari-
able inductors are also easily constructed either by printing the two 
coils on the same card and then folding it and varying the angle of vee to 
give variable coupling or, alternatively, a powder-backing may be used. 
Frame aerials can also be included in this category. 

Capaciter8.—These also lend themselves to printing, indeed they may 
be made by either of two processes: multi-layer or photoetching. 

Multi-layer technique capacitors start by coating a thin foil on both 
sides with a film of dielectric the thickness depending on the working 
voltage. Any pinholes which may be present are ingeniously eliminated 
by passing the coated foil through an etching solution. The mordant 
penetrates any pinholes and dissolves away any metal around it, leaving a 
perfect dielectric after washing. Metal is then deposited or evaporated 
on to it to form the second electrode. The photo-etching process 
obviates the need for a sandwich technique. All the metal is in one 
plane with an edge-to-edge gap, often tortuous and curved,' which 
constitutes the dielectric. With air as dielectric, a range of about 0-100 
pF can he. obtained, but by using a special dielectric this can be ex-. 

tended to about 0-3,000 pF. 
Resiator8.—These may be made by it least two methods: printed 

resistor or metal-foil resistors. 
Printed resistors generally employ the multi,-layer technique and 

consist of a layer of resistive material between an insulating layer and 
a highly conductive layer. A typiear mode of manufacture is to coat 
a foil with varnish containing carbon particles and a resin binder, which 
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is then stoved and cured. An insulator is bonded or coated on to the 
carbon resin film and the resistance per -unit area checked; the metal 
foil is printed with the pattern of all the conductive and resistive areas, 
and then etched. The mordant exposes the areas not covered by ink, 
and presents the resistance material, which, together with the remaining 
ink, is removed by abrasion. The sheet is then over-printed, and again 
etched to remove metal where resistance material only is required, after 
which it is washed and coated with a protective phenolic material. The 
value of the resistor is determined by altering the composition of the 
coating and also its " aspect-ratio ", i.e., its length to breadth dimen-
sions. Alternatively, the resistance area may be formed by a shot-
blasting process. The area required depends on the wattage rating 
and on the thermal conductivity of the supporting material; typical 
values are watt/sq. cm. for laminated plastics, and 1 watt/sq. cm. for 
ceramics. 

Metal-foil resistors are also used, especially for low-resistance applica-
tions such as strain gauges; in this type a continuous grid is either eut 
out or etche'd out, leaving a long, tortuoiis path of the right resistive 
vrlue. 

Foil Fuses.—Fuses can be made of values ranging from a few micro-, 
amperes to several hundred amperes to quite close tolerances,. and for 
either instantaneons or delayed action; they may be made self-indicat-
ing if required. Their fusing behaviour is controlled by shaping the 
conductor down to a few thousandths of an inch wide and by bonding 
it or by leaving it free, the effect a surface tension is most marked. 

Potentiometers.—These may be produced by printing an accurate row 
of very closely spaced metal contacts and superimposing on them a 
resistance track by a photographic technique. 
Switches.—Rotary switches can be printed easily using a suitable 

metal foil patterned to suit. Switches for automatic telephony have 
also been produced. 

Valve-holdera.—The conventional miniature valve-holder can be 
eliminated by using .a flexible printed circuit whose conductor is made 
to contact directly with the valve pins. 

FIG. 12.—AN I.F. STRIP USING PRINTED CIRCUITRY AND PRINTED COILS. 
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Semi-conductors.—These can be incorporated in a similar manner to 
the process for carbon resistors, by forming a semi-conducting layer on 
the metal foil instead of the carbon layer; this considerably extends 
the field of application, and many interesting cases are now being 

dev. loped. 

Folding of Printed Circuits 
With the continued trend towards miniaturization of equipment and 

the " printing " of components, it is not surprising to find that printed 
circuits are now appearing in folded form. 'The great advantage is that 
the circuit can be printed on a flexible flat film or on paper, and then its 
" space-factor " improved by bending or folding it into a three-dimen-
slime.' form. It. is found in a number of forma, i.e., as a " box " form 
when the angle between the filins is 90°, in the " superimposed " type 
when the angle is 180° and as a " concertina " or wound" version 
when the folding is repeated a number of times. Another reason for 
folding is to obtain a simple method of tuning, for example, of inter-
mediate-frequency transformers. 

Dip-soldering of Printed Circuits 
One of the many advantages of the printed circuit is the ease of 

manufacture; another great advantage is the facility with which con-
nections to valve-pins, other components and, of course, inter-connec-
tions between wafers can be made. By proper planning consistently 
good joints can be obtained automatically and all chance of mis-connec-
tion be eliminated. 
The method of dip-solderic_g may vary from a simple hand-dip to a 

more automatic arrangement. A typical arrangement for the automatic 
dip-soldering of components consists essentially of a small trolley run-
ning on rails or guides fitted to the sides of the solder bath, and so bent 
that the printed-circuit panel is lowered into the solder and removed 
in a standard time. It is preferable that one side enter first at an angle 
of say 30°. The motion should then continue horizontally to ensure that 
no air bubbles are entrapped, and also that any solvent gas is released. 
A light vibration during Ihe solder-dip assists in unifermally spreading 
the solder, and a heavier vibration on withdrawal prevents the forma-
tion of large blobs of solder. 
The printed circuit, after having been etched, is thoroughly de-

greased and all oxide and tarnish removed. Then, to retain the clean 
surface for even long periods until dip-soldering is undertaken, a 
surface preservative is applied; when ready for dip-soldering a flux is 
applied and the circuit admitted to the solder bath, which is held -it a 
regulated temperature. A film of anti-oxidant oil on the surface of the 
solder avoids the necessity for mechanical clearing of the surface. 

R. H. G. 
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4. STUDIOS AND STUDIO EQUIPMENT 

BROADCASTING STUDIOS 

Broadcasting studios range in size from those suitable to accoiruno-
date one person delivering a talk up to concert halls capable of holding 
a symphony orchestra, chorus, organ and audience. Between these 
two extremes, the space and acoustic environment of small orchestras, 
discussion groups and dramatic personas have to be met. The oppor-
tunity to build new premises occurs so rarely that when new studios are 
built by any broadcasting organization, interest in their construction 
is widespread. Before discussing the variations in acoustical quality 
and in equipment needed for these diverse needs, it is probably worth 
while considering the common requirements for all studios, that is, 
good sound insulation against external noise. 

External Noise Sources 

The most obvious source of interference, street traffic noise, is likely 
to be kept well in mind, but other sources of noise, such as low-flying 
aircraft, underground-train services or ships or works sirens, may have 
to be taken into account. Nor must it be forgotten that an organ or 
similar recital in one studio may represent a source of interference to an 
adjacent studio. 

Sound Insulation 

The particular need for good sound insulation between studios and 
between the studios and the outside world is extremely important, as 
any failing in this direction is almost impossible to correct. A quiet 
site on which to build, situated near the centre of a city for the con-
venience of artists and• broadcasters e-..nd for access to the necessary 
communication cables, represents an ideal condition but one seldom 
found. 
The first approach to the consideration isî' sound insulation is in the 

planning of a studio centra as a whole. It is usual to arrange as far as is 
practicable that groups of studios are ringed by corridors, beyond which 
a shell of rooms used as offices, stores, libraries, etc., provide a relatively 
effective sound barrier, shielding the studios from external noise).' 
Rooms on floor levels, both above and below studios, should also be 

reserved for quiet activities, so providing a sound barrier to floors two 
storeys away which may also be used for studios. 

Electrical generating plant, ventilating plant and maintenance work-
shops should also be planned to be remote from studios. 

Sound Leakage 

Given basically adequate sound insulation, care must be taken not to 
,reduce this by sound leakage into the studio, vhich can be both air-
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FIG. 1.—MEANS OF OBTAINING ACOUSTICALLY SEALED DOORWAYS. 

borne and structure-borne. For quietness, the ventilation system 
should displace a large volume of air at a slow speed. The ventilating 
ducts must be acoustically baffled and lined with sound absorbents,' 
whilst the joints between sections of ducts must be acoustically isolated 
to prevent noise from the ventilating plant being transmitted to the 
studio. Similarly, cable ducts should be interrupted, and the unused 
space in the ducts should be stoppered with a plug of absorbent material 
wherever they pass through studio walls. 

Studio doors should be of solid construction and be acoustically 
sealed when closed. An automatic door closer is also necessary to 
prevent the door being slammed er left ajar. Fig. 1 (d) shows one type 

TABLE I.—VARIATION IN SOUND INSULATION OF DOUBLE IN. PLATE-
GLASS W INDOWS WITR.VARIATION IN SPACING 

(Due to P. E. Sabine.) 

Spacing Sound Reduction 
in Decibels 

Sashes in contact 
14 in. separation . 
4.4 in. separation . 
7¡ in. separation. 
9¡ in. separation . 
14 in. separation 
16 in. separation . 

33-2 
38-6 
40-1 
44-2 
46-3 
48-2 
48-8 
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of door seal: another, moro recent, type which had its origin 
in Scandinavia consists of perforated slotted metal over acoustic 
absorbent, and is shown in Fig. 1 (b). 
Windows in studio walls are usually constructed of two or three sheets 

of plate glass spaced apart, and Table 1, due to P. E. Sabine, shows the 
improvement in insulation due to 'different air spacings between double 
plate-glass windows. More recently G. H. Aston of the National 
Physical Laboratory has published more comprehensive information 
regarding the sound-insulation properties of glass windows, and shows 
not only the variation in sound reduction with variation in spacing 
between double windows, but also the sound reduction variation with 
frequency and the effect of different frames and methods of mounting.' 
The transmission loss in decibels due to a homogeneous partition is 

given by: 
/1 

Transmission loss (TL) = 10 log ic -1-.2db 

where 11 is the intensity of sound incident to the partition, and 12 is 
the intensity of sound transmitted by the partition. 

Fig. 2 shows typical figures for the average transmission loss of a 
few building materials, plotted against the weight of the material in 
lb./sq. ft. 
The transmission loss does not take into account the acoustic 

properties of the rooms on either side of tho partition. and the total 
sound reduction is given by: 

aS 
Sound reduction = Transmission loss in db 10 log „ 74- 
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where aS is the total absorption in the receiving room and A is the 
area of the partition. 
As a studio wall is seldom a simple homogeneous partition, published 

figures of sound insulation for such partitions should be accepted only 
as a rough guide. To prevent sound from a loudspeaker in a listening 
room being acoustically fed back to its associated microphone in a 
studio, thus causing a howl round ", a minimum sound reduction of 
some 30 db is necessary at low frequencies. When this sound insulation 
is obtained at low frequencies, it will generally be found that sound 
insulation ris s with increase of frequency to the satisfactory figure of 
some 50 db at 1,000 Oa. 

Transmission Quality 

The essential considerations in the design of studios are the shape, the 
volume, the average reverberation time and the reverberation time/ 
frequency characteristic. The problem of studio design differs from 
the design of auditoria in that the shape of a studio need not be 
unduly influenced by considerations of seating an audience. Although 
studios accommodating an audience are quite common, particularly for 
variety shows, the acoustical conditions required for the broadcast are 
of primary concern. 

Shape and Size 

The shape of the studios can well follow traditional design in being 
rectangular both in plan and elevation. Experiments have been made. 
with studios having non-parallel, non-plumb walls, and with stepped and 
sloping ceilings, but there appears to be no strong evidence yet to sug-
gest, that their acoustics are superior to the studios of simpler form, 
which are easier and cheaper to construct. The proportions of height: 
width : length are important in obtaining even distribution of the 
characteristic resonance frequencies of a studio, and although not 
critical, a ratio of 2 : 3 : 5 provides a useful basis for design. 

Little has been published regarding the optimum volume of studios 
for a given number of performers, but a popular misconception that a 
floor area adequate to accommodate the performers would suffice was 
dispelled by H. L. Kirke and A. B. Howe,' and their recommendations 
aro shown in Fig. 3. For music studios the area covered by the per-
formers should not be more than a third of the total floor area. 

Reverberation 

In the absence of specific faults it can be said that to a first approxi-
mation the average reverberation time and reverberation-timeffre-
quency-characteristics, more than any other factor, determine the 
quality of sound transmission of a studio. 
There appears to be a good deal of agreement upon the optimum value 

of reverberation times for studios, and a review of a number of halls and 
studios shows that their reverberation times fall within well-defined 
limits, which are indicated by the shaded areas in Fig. 4. 
The higher limit would be selected when " fullness " of orchestral 

tone was a main consideration : the lower limit would be preferable for 
speech, songs, chamber music and dance music. As, however, many 
studios have to be used for diverse programmes, tho choice of reverbera-
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tion time is a matter for compromise. The particular compromise 
adopted by the British Broadcasting Corporation is shown in Fig. 5. 

It will be noted from Fig. 4 that for studios with a volume of about 
15,000 cu. ft. a large tolerance for reverberation times is indicated. 
This arises because, at about this volume, the requirements of drama 
studios and small music studios overlap. For drama studios it must be 
possible to produce different conditions of reverberation to agree with 
the different settings of a play. Some organizations tackle this problem 
by equipping the studios either with roller blinds, or with hinged or 
sliding wall panels of different absorption characteristics. These 
methods do not entirely satisfy tho needs of drama production, as the 
variation in reverberation time is not very great, and the characteristics 
can seldom be modified during transmission. 
A better solution to this problem is to use a " live-end, dead-end" 

studio, arranged by drawing—or partly drawing—heavy curtains across 
the centre of the studio, one-half of which is built with little acoustic 
absorption, and the other with considerably more. This acoustic 
treatment may be augmented by the use of large portable acoustic 
screens, one side of which is highly absorbent and the other side highly 
reflective. By these means, and by the employment of directional 
microphones, it is possible to segregate the microphones into zones 
having widely different acoustic characteristics. Portable acoustic 
screens, however, obstruct the view into the studio, and also tend to 
cm tail an artist's movement. A novel solution to this problem has 
been put forward in a description of a new small drartu. studio 7in which 
a tall ft,Iding screen, with different acoustic treatment on opposite sides 
and with curtains above, can be drawn across the studio. The line of 
partition bisects the control cubicle window so that a clear view is 
obtained into both the " live side" and " dead side " of the studio. 

Reverberation Time versus Frequency 
Reverberation time, considered so far in general terms, has referred 

to an average figure over the middle of the audio range or to the figure 
at 500 cs. Unless this figure can be maintained level over a reason-
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ably wide frequency band, its value as a guide to optimum reverbera-
tion time is meaningless. Indeed, a decade ago it was not uncommon to 
find studios or halls with reverberation times which might rise in the bass 
region to twice the value at 500 cis, and which fell by a like.ratio in the 
treble, resulting in " hooray ", muffled reproduction. 
One of the most heartening improvements in studio acoustics has 

been the manner in which reverueration over the major part of the audio 
range has been brought under control, and most new studios coming 
into commission have flat reverberation time/frequency curves. The 
exceptions are the larger studios and halls, where the air attenuation 
causes a fall in reverberation time above about 5,000 c is, a natural 
phenomenon entirely acceptable. It is, however, noted that Scandi-
navian countries prefer the reverberation time to rise slightly below 
100 0/8, and also, for orchestral studios, prefer a rise from 250 to 3,000 cis 
with the studio empty. This rise probably results in a level curve when 
the orchestra is in place. 

Determination of Reverberation Time 

. Prof. W. C. Sabine of Harvard University, the pioneer in this work, 
deduced an equation for reverberation time: 

Reverberation time (t) — 0-0s5 V 

where t = time taken for sound in a room to decay by 60 db; 
V = volume of the room in cubic feet; 
a = average coefficient of absorption of S; 
S = total area in sq. ft. of all surfaces of the room; 
aS = a,S, a,S, a,S, . 
S, = area of absorbent with coefficient of absorption a, ; 
S, = area of absorbent with coefficient of absorption a,. 

Later, C. F. Eyring derived an equation 9 more applicable to large 
rooms or studios with large amounts of absorption. This gives: 

005V  
Reverberation time (t) — 

S[ —log, ( 1 — a)] 

This reduces to Sabine's formula when a is less than 0.2. 
At high frequencies, carpets, heavy fabric curtains and furnishing 

materials provide useful absorption, which, however, increases in 
effectiveness with increase in frequency. Tables of absorption 
coefficients of these and of special absorbents and of common building 
materials appear frequently,'°. U. 12, 13 and will not be repeated here, 
as interest is in more recent developments. Glass wool in various, thick-
nesses between 1 and 4 in. is a most effective absorbent; it is vermin 
proof and does not absorb moisture. Covered with open-weave 
plastic material or faced with wooden slats of a partidular cross-section, 
referred to as " Copenhagen treatment", it is extremely effective at 
high frequencies, whilst used in conjunction with hard perforated panels 
it becomes very effective in the medium-frequenéy range from 250 to 
2,000 c/s.'." 

In the low-frequency range, below 250 cis, recourse must be made to 
the use of Helmhlotz resonators or to membrane or panel absorbers. 
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Helmholtz resonators have been used frequently on the Continent," 
but the first use reported in this country was for the rebuilt Studio No. 1, 
Swansea, for the B.B.C." 
The particular arrangement used in this studio consisted of groups of 

resonators arranged in rows projecting from the surface of the wall, so 
providing diffusion as well as absorption. This arrangement, referred 
to as in " line array" has characteristics midway between those of 
isolated resonators and plane arrays." By this means an absorption 
of 0.7 at resonance, i.e., absorption per resonator compared to a perfect 
absorber, has been obtained at a frequency as low as 90 cis. 
Membrane absorbers are probably the most attractive for use at low 

frequencies, as they are relatively simple to construct. The theoretical 
analyses of their behaviour is not so simple, but C. L. S. Gilford has 
presented a most comprehensive analysis," confirmed by subsequent 
measurements, and a report of nearly twenty studios acoustically 
treated successfully by this means. The principal concert studio of the 
B.B.C. has been retreated acoustically with membrane absorbers and 
reported as most satisfactory in an article by T. Somerville and H. R. 
Humphreys." This article also shows photographs of the pulsed-
gliding-tone method of investigating irregularities in sound decay, a 
technique first reported in 1951." 

Diffusion 

As experience has been gained in the choice and control of reverbera-
tion time and of reverberation time/frequency characteristics, so has the 
effect of the proper diffusion of sound been thrown into prominence. 
For some time opinion, influenced by investigations into this aspect of 
acoustics carried out in America, has favoured hemi -cylindrical diffusers. 
Recent work, in this country 2°. 21 and in Denmark," would seem to 
establish the superiority of rectangular diffusers beyond dispute. 
Furthermore, traditional architectural style may more easily encompass 
the use of rectangular diffusers in future building, with resulting 
improvement, in aesthetic appeal. 

Specific Defects 

Even when the major problems have been solved, it might occur that 
a distinct " coloration ', appears in the output from a studio, and it 
should be noted that heating radiators, lamp fittings and other studio 
fixtures may be resonating. Ventilating ducts may behave as Helm-
holtz resonators, and selectively either augment or attenuate sound 
output. Inadequate attention to the reverberation characteristics of 
studio listening rooms, or inadequate sound insulation of echo rooms, 
may mar an otherwise satisfactory studio suite. 

Finally, the sound output from even a good studio may be impaired 
if the selection and placing of microphones and artists are not 
meticulously carried out. Recent articles 23." reviewing this technique 
have led to an appreciation and better understanding of this art. 
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BROADCASTING STUDIO EQUIPMENT 

Although in the past many different arrangements of studios have 
been used in the preparation, presentation or recording of a programme, 
it is almost universally agreed that the most flexible arrangement is to 
provide an associated control cubicle immediately adjacent to each 
studio, with a large observation window built in the partition wall 
between the cubicle and studio. In the case of large studios of height 
spanning two floors, a cubicle on the upper floor level gives such an 
improved view into the studio as to compensate for the less easy access 
between cubicle and studio. 
The studio control desk is situated immediately in front of the 

observation window, and carries all the controls necessary for controlling 
a programme. 

All cubicles should be equipped with the means to enable the following 
operations to be performed: 

(1) Tho amplification and mixing of the output from micro-
phones, gramophones and incoming line contributions to the 
programme. 

(2) The control of the permitted dynamic range of a transmission 
within certain defined limits as indicated on a particular meter. 

(3) The aural monitoring of the acoustical balance and artistic 
and technical quality of the programme. 

(4) " Talk-back " from the producer, via a microphone in the 
cubicle, and a loudspeaker in the studio to the artists in the studio. 

(5) The operation of lights to signal the commencement and end 
of à transmission. 

(6) The operation of light signals to " cue " or signify to an art ist, 
groups of artists, or effects or gramophone operators the point to 
"come in " on programme. 

(7) The aural identification of the correctness, and visual cheek 
of the level, of an incoming contribution previous to its being faded 
into the programme ( pre-fade listening). 

(8) Telephonic communication with any point on the engineering 
telephone exchange. 

(9) The sending of " tone " to " line-up " the programme chain. 

In drama and fn variety studios the following additional facilities 
may be needed : 

(10) Reverberat ion effects. 
t II) Frequenpv .distortion effeCts. 
(12) A feed fri;in any microphone or combination of inicropliiines 

to i he studio pu blie-address equ i !anent . 
(13) Direct telephonic communication to the points of migiti 

of any incomil.g c...iitributions to the prognunine. 

Programme Volume 

Before an amplifying and mixing system can bo designed it is 
necessary to know the maximum -ange of sound intensity which may 
occur. This_is usually quoted as 80 phons, and is attributed to the 
output of a full symphony orchestra. In practice, owing to the ambient 
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noise level in a concert hall or concert studio, it is much lower than 
80 phone. The output of the B.B.C. Symphony Orchestra of 120 
musicians, playing Elgar's Symphony No. 2, has been measured as 
100 phone for , the loudest fortissimo chord and 50 phone for pianissimo 
playing by the stringed instruments.' 
A high-quality ribbon microphone with an output impedance of 

600 ohms will produce at these extremes of volume a minimum level of 
—100 db and a peak level of —50 db (with reference to 1 mW into 
600 ohms). The characteristics of different types of microphone are 
discussed in Section 31 " Microphones ", and it will be assumed here 
that by the use of local amplifiers, transformers and attenuators as 
necessary, their outputs may be adjusted to make them interchangeable 
in the studio. 
The next information required is the peak level at which the amplified 

programme must leave the studio. This is specified by the British 
Broadcasting Corporation as +8 db peak, and the lowest peak per-
mitted is — 14 db, but provided the lower figure is indicated at least once 
every 20 seconds for orchestral works, the level is not adjusted. This 
means in practice that the total range is some 30 db, which is adequate 
for a large number of symphonic compositions. Nevertheless, it is 
necessary at times to compress the programme from a range of 50 to 
22 db, and considerable artistic ingenuity is employed in accomplishing 
this (see " Broadcasting Studios "). 

Amplification and Gain Control 

The minimum basic amplification required may now be assessed. 
To raise the minimum peak-level input to the minimum permitted 
peak-level output requires a gain equal to the difference between — 14 
and — 100 db, le:, 86 db. Similarly, the minimum gain employed is 
the difference between the maximum peak-level input and the maximum 
peak-level output. i.e., the difference between —50 and +8 db =-- 58 db. 

The difference between the two 
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gains of 86 and 56 db is 28 db 
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STUDIO CONTROL CUBICLE 

AMPLIFIER 
CHANNEL STAGE 
FADERS NO I 

SWIA 

INCOMING 
CONTRIBUTION 

TALK 
BACK 
MIC. 

MAIN AMPLIFIER 
GAIN STAGE 

CONTROL NO.2 
+8 
-14 

SWIB 1 

STUDIO OUTPUT 

L.S AMP. ..{  L.S. 
:( 

Fitg. 7.—BASIC AMPLIFIER CHAIN. 
Noles: I. For one channel only faded into circuit, the figures +8/-14 denote level 

of is and minimum peaks relative to 1 mW/800 ohms. 2. Switches SW1A and SW111 
ganged and separated by an earthed metal screen. 

may now be decided. It should not be placed previous to the amplifier 
chain, as the signal-to-noise ratio would be seriously decreased, nor 
should it be placed after the amplifier chain, as this would entail the use 
of unnecessarily high output power. The main control, therefore, is 
placed almost invariably between two stages of amplification. 
The same arguments apply to the choice of the best position for the 

channel faders which are necessary for fading each source smoothly 
into and out of the programme. If the faders are placed in their rightful 
place, immediately preceding the main pin control, a stage of amplifica-
tion is necessary for each channel. This step may be avoided, provided 
that certain precautions are observed, by the use of a series fader for 
each channel previous to amplification. As each additional source is 
faded into circuit the signal level and signal-to-noise ratio fall, due to 
the additional shunt impedance across the circuit, and the level must be 
restored by simultaneously advancing the main gain control. The 
decrease in signal-to-noise ratio can usually be neglected, due to the 
fortuitious circumstance that the types of programme which require a 
number of sources in circuit at one time generally have an initially high 
signal-to-noise ratio, whilst the type of programme generating the low 
levels mentioned earlier need seldom involve the use of a number of 
channels at one time. The attenuation curve of a typical channel fader 
is given in Fig. 8. 

Amplifier Chain 

The basic amplifier chain may now be shown as Fig. 7. The amplifier 
.stages may consist of individual valves in cascade with a simple potentio-
meter between them. If the programme meter is also contained in the 
same unit as the amplifier, the arrangement represents an economical 
and compact assembly, and the ability to change the whole unit en bloc 
in case a fault develops commends it for use where simplicity and ease of 
maintenance are of first importance. 

Design Refinements 

For the more sophisticated needs of a large broadcasting organization, 
more complicated designs are necessary to meet the varied requirements 
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already set out, and to satisfy the ever-increasing finesse needed in the 
presentation of variety, drama and music. A large number of channels 
becomes necessary, and a group control is needed to enable a number of 
sources to be faded in and out of programme by a single control, whilst 
the channel faders which set the degree of mixing need not be disturbed. 
It must be possible to by-pass the group control with at least one inde-
pendent channel, so that a source may be faded up whilst the group is 
faded down, so preserving continuity of programme. A further refine-
mead is to use two group controls, to which any combination of channels 
may be switched as desired. The channel and group mixers can be con-
veniently of the constant-impedance type, a configuration also suitable 
for the main gain control, for it can no longer be a simple potentiometer 
between two valve stages. The increased gain necessary to overcome 
the increased losses means that each amplifier stage of Fig. 7 now 
becomes a complete amplifier, and the link between them is of relatively 
low impedance. 

Mixing 

The actual mixer losses depend 'on the circuits employed, which are as 
various as the number of organizations using them. The star mixer to 
be described has been found simple and effective, particularly for a large 
number of sources and where a constant impedance at the junction of all 
units is required throughout the chain 

Referring to Fig. 8: If N is the number of sources of impedance Z1 
which are to be mixed to a common impedance Z„ and if both Z, and 

2 
Z 2 are to " see " matched impedance, then if M represents 21 the values 

of the resistances are : 

,„ M 2 + MN(N — 2) 
N2 X Z2 

N 2 — M(2N — 1) 
R2 = N, - M X 22 

In the most usual case when 21 = Zs = 
(and ,*, M = 1) 

RI 

R, 

R2 

RI 

—Zi— _ 

RI 

N — 1  
R=R1=R2— N+1 xZ 

The loss introduced by these mixers is 
given by 20 log,„(1 /N), which, it will 
be noticed, is independent of the imped-
ance of Z1 and Z,. 

Z2— For the sake of completeness, it 
should be mentioned that if the num-
ber of sources N does not exceed a 
critical number  Nc, given by Nc 
M + V M 2 — M, then R, must be 
calculated for N = Nc. R, should be 

Fia. 8.—STAR MIXER. 



fury 
D ,C\, 
0 
cc < CAP 

BROADCASTING STUDIO EQUIPMENT 4—is 

o°  

O 

o 

0 
Z 'eV") 

CD I 

II-
Ct 

o 

u 

T 
Csi1C9141 1.0 1,0IN 

  S Œ 

W  CC 
I 4  < 

cO Zu-

o ix   
1 ixLiJ 
< X 

U — 
Wc.n 

coos) 
7O 

o 

I eINI 'n1 ,01 h 

r-

zd  

co 

zero, and the output channel Z2 terminated with a resistanue equal to 
Z, R. 2(Nc - M) 
Ne N  in parallel with Z, and the mixing loss = 20 log,„ m   . 

It is more practical in initial design to ensure that if possible the 
number of sources is at least equal to the first whole number above Nc. 
The additional loss will most probably be negligible, whilst the addi-
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tional source connection made available may provo useful, and until the 
need to uso it arises it may be terminated in its matched resistance. 

Considering two mixers, one suitable for eight sources of 600 ohms 
mixed to a 600-ohm load, and one suitable for joining two 600-ohm 
sources to a 600-ohm load. 

Tho first gives R   x 600 = 466 ohms. 
8 + 1 

The second gives R = 200 ohms. 

1 
The relevant losses =- 20 log ic, = 18 db 

and 
1 

20 log10 7, = 6 db respectively. 

A basic diagram (Fig. 9) can now be drawn of a programme chain 
suitable for general studio use, and the gains required of the amplifiers 
may be determined. 

It was previously ascertained that the minimum gain required to raise 
the minimum peak-input level to the minimum peak-output level of 
—14 db was 86 db. To this must be added the losses of 4 db, 18 db 
and 6 db due to the insertion of the hybrid divider and the two star 
mixers in the chain. If, say, 16 db additional attenuation is allowed as 
gain in reserve on the main gain control, the total gain needed is 
86 + 4 + 18 + G + 16 = 130 db. Three amplifiers are shown in 
cascade in Fig. 9, but this is a matter of convenience. If the gain is 
equally divided between them we get the odd figuro of 43 db gain for 
each. In practice, an amplifier would be used with its gain switchable 
to 40 or 50 db, and pre-set to suit a particular studio. The levels shown 
in Fig. 9 indicate that the penultimate amplifier would have to handle 
a peak output of + 12 db without distortion, whilst the gain control 
still held 16 db of gain in reserve. If necessary the gain of the channel 
amplifier could therefore be set 10 db lower than that shown and the 
gain control advanced. However, if further losses were anticipated, as 
would be the case if the total number of channels were increased, or if 
special effect units, or equalizers, were inserted in the chain, the gain of 
the channel amplifier would be restored to 50 db. 

Artificial Reverberation 

It is not often that arrangements are made for reverberation to be 
applied to more than one or two channels at one time, although details 
of a most comprehensive arrangement have been published,' which is 
shown simplified in Fig. 9. The output of each channel fader is divided 
by a hybrid transformer, which is essential to prevent howl-back from 
the reverberation-room microphone to its own loudspeaker. Hybrid 
coils introchice loss in this direction of transmission only. Alternatively, 
buffer amplifiers must be used, one output of which is connected to 
the main chain-star mixer, and the other to an echo-star mixer. 
The output of the latter is routed via amplifiers to the loudspeaker 
in thc reverberation chamber, whence a micro'phone picks up the 
reverberant sound, and the resulting electrical output becomes a source 
and appears as Channel 8 in the diagram. Ganged faders associated 
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with the two outputs from the hybrid transformer may be pre-set to 
vary the ratio of direct to reverberant sound. 

Ideally, the reverberation chamber should be able to be varied in 
size to be able to give different aural illusions, for the ear is not only 
sensitive to reverberation time but also to the delay time of early 
reflections. Tho development of electronic means of artificial reverbera-
tion control may eventually prove superior to small reverberation rooms. 

Monitoring 

The cubicle loudspeaker used for aural monitoring should be able to 
be switched away from its own studio output to monitor the programme 
to which the studio is to make its contribution. It should be able to be 
attenuated instantly by a fixed amount whilst a telephone is in use. 
The studio loudspeaker should monitor the programme on all occasions 
when the studio is in service and all the studio microphones are faded 
out, e.g., during a period when only gramophones or outside sources, 
being part of the studio programme, are faded up. In this way the 
artists in the studio may join the programme more smoothly. 
To permit proper control of the dynamic range of a transmission, a 

programme meter is required. There are two main types in general 
use. In this country and on the Continent a peak programme meter is 
generally used, which conforms reasonably closely to the U.I.R. C.C.I.F. 
Specification of 1935, whilst in America a programme volume meter is 
preferred.2 The former consists of a rectifier and logarithmic amplifier 
driving a milliammeter. 
The British specification including the meter calls for the pointer to 

reach 80 per cent full-scale-deflection in 4 milliseconds, and to return 
to rest in 3 seconds. The charging-time constant of the rectifier-
circuit necessary to satisfy this specification is 2-5 milliseconds and the 
• discharging time constant 1 second, 
A minor diffeience from British practice is noted in some Continental 

countries, where a programme meter is called upon to have a rise time of 
10 milliseconds for 80 per cent full-scale deflection and a return time of 
2 seconds. 
The scale of the 2¡ - in . -diameter instrument used in this country is shown 

in Fig. 10. The pointer, the figures and calibration marks are in white 
against a black background, and make the meter easy to read. The 
scale is approximately logarithmic, the space between the figures 
represent 4 db, except between the 
figures 1 and 2, where the lifference is 
6 db. The meter is calibrated by 
causing it to read steady tone of zero 
decibels level (with respect to 1 roW 
across 600 ohms) when the meter should 
indicate 4. This represents " line-up " 
level, at which point the transmitter 
modulation is 40 per cent. Peaks of 
programme indicating 6 on the meter 
and equivalent to +8 db peak level 

Fia. W.—PROGRAMME METER. 
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therefore indicate 100 per cent modulation. Other forms of meter and 
scale are used, including a light beam moving across a linear translucent 
scale. 
A rehearsal talk-back circuit may be added to the arrangements 

shown in Fig. 9, by enabling the cubicle microphone to be switched to 
the input of the second amplifier in the chain in place of the studio 
feed, at the same time disconnecting the cubicle loudspeaker. For 
transmission, however, a separate cubicle microphone amplifier is 
necessary whose output feeds only studio headphones. 

It is poss'ible that some programmes, e.g., when presenting two dance 
bands alternately, need a greater number of sources than can be accom-
modated on the channels available. In such a case a change-over relay 
may be fitted to the input of the requisite number of channels, and all 
these relays energized via a single key, upon the operation of which all 
t he microphones of one band are substituted for those of another. It 
should be remembered that the cue lights of each band should be 
transferred at the same time. 
Cue lights should be fitted as near as is conveniently possible to the 

artists: white lamps may temporarily dazzle anyone reading a script, 
and green lamps of from 6 to 15 watts have been found preferable. The 
. lamp filament should not have a high thermal lag, or a quick " flick " on 
the lamp may pass unnoticed. If one switching contact on the cue key 
is arranged to switch on a small green cue lamp on the control desk a 
fraction later than a second contact on the key switches the studio cue, 
it will assure the operator that the cue has been properly transmitted. 
The present trend in the fashioning of control-cubicle equipment is 

towards a self-contained desk which accommodates the necessary 
amplifiers, power-supply units, relays and switches. With miniature 
components available this arrangement becomes most attractive, 
particularly from the installation 'mint of view. For large studios, 
however, there is still a place for the earlier arrangement of equipment, 
n which only the necessary controls were mounted on the desk, most of 
the asiociated equipment being contained in an adjacent cabinet. This 
arrangement generally provides more room at the desk, and greater 
accessibility to equipment in both the desk and the cabinet; whilst 
induced hum, microphonic noise and acoustic noise from relays and 
mains transformers are generally less troublesome. 
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TELEVISION STUDIO PLANNING AND LAYOUT 

Small studio installations are most conveniently and economically 
housed in a single-storey building. Large installations comprising 
several studios with full facilities for large-scale presentations may 
require a multi-storey construction. In all planning, provision for 
future expansion should be kept in mind. 

Fig. 11 is a typical accommodation plan, which brings out the main 
features of a large studio with associated facilities. Accommodation 
for artists, technical personnel, office staff and visitors is grouped into 
separate areas, so that their paths do not cross unnecessarily in the 
course of their varied activities. In commercial television the trans-
mitter is commonly incorporated in the studio builekng, with the 
transmitter hall, power-distribution equipment, valve store and a light 
workshop grouped together in one section. In these circumstances the 
building is sited at the highest accessible level above the general terrain, 
neat the centre of the region to be served, and if a high radiator is to be 
erected, the area of the site must be large enough to embrace the stay 
anchorages. The mobile outside broadcast unit is garaged near the 
studio, so that camera and control equipment can be transferred 
quickly to augment the main studio equipment for full-scale productions. 
The particular arrangement shown is planned to allow for future 

extension by transferring the dressing-rooms to a basement and re. 
siting the toilet facilities, thus leaving the dressing-room space available 
for a second studio and the toilet space for a second control room and 
master control room. 

Floor Areas 
Studio floor areas vary with the equipment to be installed, the scale 

of programme production to be catered for and in the ease of large 
studios with the amount of space allotted for an auditorium. The area 
must be sufficient to permit free movement of cameras and microphones 
around the sets. Typical floor dimensions for the largest general-
purpose studios are 120 ft. X 70 ft., . for medium-size studios 70 ft. X 
45 ft., and for small studios 50 ft. x 25 ft. Heights of 50 ft. or more 
may be necessary to provide for certain acrobatic acts. In the arrange-
ment shown, the main studio has a floor area 65 ft. X 40 ft., sufficient to 
accommodate three or four sets and camera channels, allowing for 
continuous production. 
A gallery about 4 ft. wide erected 10-12 ft. above floor level around 

the studio walls, and accessible from the control room, is an extremely 
useful feature for giving access to the catwalks for the lighting grids and 
for taking downward camera shots. Background lighting units can be 
clamped to the hand-rails, the tops of sets anchored to the gallery and 
curtains hung in any desired position to serve as a background for 
announcements and interviews. 
Tho studio floors must be solid, level and surfaced with smooth, 

resilient material to ensure even, quiet running of camera dollies and 
microphone stands and subdue the noise of movements of personnel. 
These requirements aro met by a 6- 12-in, layer of concrete, covered by 
thick, hard-wearing linoleum or hard rubber sheet. Property stores and 
artists' dressing-rooms should be situated for convenience near by. 
Studios and property rooms should preferably connect at ground level, 
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and must have doors large enough for easy transfer of " props ", with 
access to outside for large artfeles such as cars and animals. 

Studio and Control-room Facilities 

The function of a control room is to direct and monitor all operations 
in the studios and establish control between the studio and the trans-
mitter. A typical facilities diagram is shown in Fig. 12. A separate 
control room adjoins each studio, equipped with sound-proof windows 
and stepped up to a level 3 or 4 ft. above the studio floor level, to afford 
an unobstructed view of all studio operations. 

In commercial studios it is customary to group the camera control 
operators, vision mixer, audio operator, .supervising engineer and 
producer with his secretary together in the control room. During 
rehearsals the scene designer and lighting engineer may also be present, 
to check the settings on the monitoring tubes as .they would be seen by 
viewers. Tie producer sits on a dais behind the camera-control units 
looking into the studio, and uses the monitoring tubes on the control 
units for previewing each picture channel. This arrangement gives him 
full facilities for calling his vision mixer to cut the various cameras at 
will, and economizes in both personnel and equipment. 
This scheme, however, has limitations from an operational point 

of view, and the present trend is towards separation of the individual 
groups. The camera-control-unit operators are accommodated in a 
room adjoining the studio and at studio floor level, the control room 
being situated immediately above and divided by means of a motor-
operated window into a video and audio section. The producer sits in 
the video section facing a row of high-grade picture monitors, which 
repeat the control-unit monitors, and sideways to the control-room 
window. A " talk-back " network enables him to maintain continuous 
contact with the camera crew, microphone operators and technicians, 
while the audio controller in the audio section is able to check his pro-
gramme level free from the distraction of the producer's commentary. 
During camera rehearsals the dividing window between the video and 
audio sections is lowered to allow the groups to co-operate as a team. 
Where there are two or more studios, a master control room becomes 

essential, to co-ordinate all internal programmes and outside broadcasts 
received by co-axial cable or U.H.F. link from distant sources. This is 
achieved by tie-lines and video-frequency and audio-frequency patching 
panels. Economies in personnel and cables aro made possible by 
placing the teleciné room adjacent to the control room, with the editing 
room and film storage near by. 
The equipment for a projection room includes teleciné equipment, or 

alternatively a 16-mm. or 35-min. film projector and camera, film 
cluneras, and a slide projector or monescope tube for " stills " and 
captions. 

Air-conditioning plant or a' forced-air ventilating system must be 
installed to remove the heat generated by the lighting equipment and 
compensate for seasonal variations of temperature in studios and control 
rooms. The plant should be designed to maintain the temperature at 
a level between 70° and 80° F. for reasonable comfort. Economies 
in heating and heating charges can often be made by ducting the warmed 
air to other parts of the building during the presentation and rehearsal 
of programmes. 
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Studio Acoustics 

Studio walls and clilings are either built of or treated with acoustic 
insulating materials, mainly to exclude outside noise. The problem of 
eliminating undesirable reflections in television studios is simpler than in 
sound-broadcasting studios, which are relatively devoid of furnishings. 
Reflections are largely broken up or damped by the wings and" props '. 
Noise may be admitted through windows, doors and other openings, door 
clearances, by conduction through the solid materials of walls and by 
structural resonances. The maximum noise level that can be tolerated 
in studios is 10-15 db above the threshold of hearing, and in recording 
rooms S-12 db. 

Precautions taken to reduce noise include the use of double doors with 
a sound lock. Control rooms are acousticary insulated from studios, 
the programme being monitored on loudspeakers and heard under the 
same conditions as the listener. Air noise introduced by ventilating 
ducts is reduced by admitting the air through ducts of generous cross-
section at low.velocity, and by fitting noise filters or lining the ducts with 
absorbing material. 

In small commercial studios designed for demonstrations and 
announcements, reflection is controlled by the liberal uso of sound-
absorbing materials on the walls and ceilings, such as draperies, plaster, 
acoustic panels and slag or glass wool sandwiched between perforated 
metal sheets, wire netting or asbestos board. In general, the acoustic 
absorption of all materials increases sidth frequency, and is improved by 
increasing the thickness and leaving an air space between the material 
and the wall or ceiling. 

Draperies hung a few inches from the wall are effective absorbers, 
and are economical and adaptable. Plaster is moderately efficient, 
but does not withstand rough treatment. Acoustic panels have 
excellent absorbent properties at all but the lowest frequencies, but 
being porous, they trap dust and discolour. Painting prevents dis-
coloration, but greatly reduces the absorption efficiency. Covered 
mineral wools are most effective, and the coverings can be painted 
without serious loss of efficiency. 

W. E. P. 

TELEVISION STUDIO LIGHTING 

The methods used in television studio lighting are founded largely on 
tho technique evolved for ciné film production and the theatrical stage. 
In television studios action is continuous, and there can be no re-taking. 
The equipment must satisfy both technical and artistic requirements, be 
readily adaptable for rapid changes of the set arid silent in operation. 
It must be sufficiently flexible for the fourfold purpose of general 
illumination of the set, the subject, tho background and the creation of 
special effects. The lighting intensity must be adjusted to suit the 
sensitivity of the camera tube in use and the tones of the settings. 
Picture quality and dramatic atmosphere are profnundly influenced by 
the ratio of highlights to shadows. 

Lighting units fall into three classes: floodlights, banked floodlights 
and spotlights. Incandescent lamps, rated from 100 to 5,000 watts, 
find wide application to both general and spot lighting. They are light 
in weight, silent and more compact and adaptable than gas discharge 
tubes, but aro deficient in radiation at the violet end of the spectrum, 



4-24 RADIO AND TELEVISION REFERENCE BOOK 

CLIENTS 
WINGd 

---1ROOM 

CONTROL 
ROOM 

SOUND 
LOCK 
 ^—r 

irn-me „le -pen-prn 'bps, II 

4leee 4:1<efe 

SET No. 6 1[ SET No. 5 \\ 

UU net Un 

,tee um n UU nee UM 

n 

n nn nn 

SET No. 1 1[ SET No. 2 I j eir"." 

.1/4 1/4 ••1/44,‘ aue.1.1.1d. " eh.* 11 SET D D 

\ \ t, 

T.V. STUDIO 

i fi en 
D I 

7m-prm lemm.rn SET I 
No. 4 

D 
I I 

.1dALS.M. 

FIG. 13.—TYPICAL STUDIO LIGHTING SCHEME FOR SIX SETS. 

and radiate an appreciable amount of heat, which must be extracted by 
the ventilating system. Gas discharge lamps generate little heat, and 
are richer in ultra-violet radiation than daylight, but their maintenance 
costs are higher. Compact source discharge lamps are sometimes used 
for spot lighting. Carbon arc lamps are a powerful and efficient source 
of pure white light, but are cumbersome. They are occasionally used for 
illuminating outside events and special effects. 
Banked floodlights for wide-angle illumination of the set are mounted 

on movable overhead frames or grids, ranged along the walls, suspended 
from the roof or attached to the tops of the sets, about 15 ft. above floor 
level, as shown in Fig. 13. These lamps may be supplemented by low-
level floodlights. High- and low-level sources are carefully blended to 
eliminate facial shadows and shadows cast by microphone booms and 
camerae, and to prevent the shadows of actors obscuring each other 
while, in movement. The intensity varies up to 120 ft.-candles, accord-
ing to whether it is required to simulate interior, exterior, day or night 
light. 

Subject lighting is concentrated directionally and proisct_xl at an 
angle to the viewing line, to contrast the subject with th background 
and give an illusion of depth. More than one source ir ay bs used to 
emphasize particular features and colour values. This f àrm of lighting 
is provided by spot lights or " modelling lights ", equipped with 
Fresnel lenses, reflectors and shutters, designed for I:a:am divergencies 
from le upwards. The intensity is somewhat highe, than for general 
lighting. For close-up portraiture, general and background lighting are 
supplemented by individual lights to enhance the effect of make-up. 

All lighting is grouped into separate circuits, cc strolled by switch-
fuse ways and dimmers on a distribution panel, sitrated at a convenient 
control point. To avoid interference, cables are ru'i in separate channels 
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TABLE 2.—STUD 10 EQUIPMENT PARAMETERS 

B.B.C. 
(British) 
405-line . 

(U.S.A.) 
525-line 

C.C.I.R. 
(International) 

625-line 

Vision-signal Distribution: 
Impedance of co-axial cables . 
Polarity: white positive . . 
Non-composite signal level, peak-

to-Peak voltage . . . 
Composite signal level, peak-to-
peak voltage . . . . 

Distribution of Drives, Blanking and 
Synchronizing: 

Impedance of co-axial cables 
Polarity: negative . . 
Level, voltage peak-to-peak 

Brie« : 
Line-drive width . . 8 Ms 
Leading edge of line drive relative 

to leading edge of line syn-
chronization . . . . —4 as 

Field (frame t) drive width. . 400 
Leading edge of geld (frame t) 

drive coincident with leading 
edge of geld (frame t) blanking Yes 

Line Waveform: 
Line period (H) . . 98.8 as 
Line blanking period . . 17(0.17 111 p.s 
Front porch . . . 1(0.01 Me 
Line-synchronizing pulse width 10(0-1 11) as 

Field (Frame f) Waveform: 
Field (frame -I.) period (U) . . 20,000 ifs 
Field (frame 1.) blanking period 1,450 (0.07 1.7)ifz 
Leading edge of field (frame t) 

blanking coincident with leading 
zA,sa of first delft (frame t) syn-
chronizing pulse . . Yes 

Leading edge of field (frame t) 
blanking coincident with leading 
edge of gist equalizing pulse . 

Field (f rame t) synchronizing pulse 
width . . . . . 40 (0-4 II) M8 

Equalizing pulse width . . 
Number of geld (frame t) syn-

chronizing pulses . . . 8 
Number of equalizing pulses before 

and after field (frame t) syn-
chronizing 

Picture Synchronising Ratio 
Blanking level, reference peak 
white . . . 30% 

75 ohms 75 ohms 75 ohms 
Yes Yes Yes 

0-7 1.5 • 0.75 

1 2 • Il 

75 ohms 75 ohms ' ohms 
Yes Yes — es 
2 4 S 

µS 5 fis 

—1.6 tfs — 1•6 
500 500 

Yes Yes 

63.5 µa 
11-5 (0-18 11) as 
1-6 (0-025 II) as 
5 (0.08 II) as 

16,667 as 
1,100 (0-065 1.7)µs 

64 as 
11-5 (0-18 11) as 
1.6 (0.021511) 
5.75 (0-09 H) µ8 

20,000 as 
1,600 (0.08 U) MS 

No No 

Yes Yes 

27 (0•43 H) ma 26 (0.41 H) ta 
2.5 (0-04 H) ifs 2.9 (0.015 H) as 

6 6 

6 

25% 

6 

25% 

May be reduced in practice. t British terminology. 

from video-irequency and al: lio-frequency cables. Overhead lights are 
fed from connectors fixed at suitable points and connected to the dis-
tribution panel by cables run in metal cable troughing in the walls or 
along the studio ceiling. Low-level lamps and spot lights are fed from 
sockets conveniently disposed around the skirting. 

W . E. P. 
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TELEVISION STUDIO EQUIPMENT 

The normal complement of television apparatus in a studio is three or 
four cameras on the studio floor, together with one film transmitter for 
film inserts in the studio programme. The cameras are variously 
mounted, depending on the nature of the programme, e.g., camera 
cranes, dollies or trucks and pedestals. All cameras are energized all 
the time, and the producer in the control room has presented to him 
simultaneously pictures from all cameras so that he can arrange his 
choice of angle and view before using any particular camera for trans-
mission. Under the control of a vision-mixing operator aro facilities 
for cutting, fading and dissolving from camera picture to camera picture. 
By means of a microphone, the producer can give instructions to 

cameramen, sound operators, dolly pushers, etc., who all wear head-
phones. Connected to this talk-back network is a small radio trans-
mitter, so that the studio manager who is in charge of all the artists, 
scene shifters, etc., on the studio floor can also hear the producer with 
the aid.of a small pocket radio receiver. During rehearsals, the pro-
ducer can also talk to the artists by means of a loudspeaker in the 
studio. 

In all modern television cameras the cameraman is provided with an 
electronic viewfinder which presents him with the picture from his own 
camera so that he can focus and adjust his angle of view conveniently. 
A turret, carrying three or four lenseà of different focal lengths, 

makes the selection of the angle of view convenient and rapid. 
Each camera is connected by a multi-wire flexible cable to a rack of 

equipment in the television apparatus room adjacent to the studio 
control room. This rack contains all the necessary power supplies, 
pulse forming and amplifying circuits, and mixing stages for adding 
to the picture signal emanating from the camera the appropriate 
suppression and synchronizing signals. The output signal from this 
rack, or camera channel, is a complete television video signal of 1 volt 
amplitude (0-3 volt synchronizing signal, 0-7 volt picture signal). 

In the camera channel are the necessary variables for adjusting picture 
gain, black level, etc., for the proper adjustment of the picture for 
transmission. The operator has a picture monitor and a waveform 
monitor to display clearly the picture signal waveform to assist in those 
adjustments. 
The precise layout and disposition of equipment varies from studio to 

studio, but Fig. 14 shows a typical example. 

Film Transmitters. 

Two types of film transmitter are used: (a) a continuous-motion 
projector in conjunction with a television studio camera, and (6) a 
flying-spot film scanner. Tho former is used exclusively for films 
which form part of studio programmes, whilst tho latter is used for 
newsreels, feature films, etc. 

(a) Comuruotts-monox PROJECTOR. The principle of the con-
tinuous-motion projector is indicated in Fig. 15. The film is illuminated 
by a conventional lamp arrangement and an image of the film frame, 
F1, is formed by the mirror, MI, and the lens, L, on the sensitive surface 
of a television camera. As the film moves down, the mirror, M1, 
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moves in sympathy to keep the image on the camera stationary. As the 
film frame, F1, passes from the illuminated source, the next frame, F,, 
becomes illuminated, and by means of mirror, M,, an image is formed in 
the camera exactly superimposed on the image of F,. Finally, as F, 
passes completely from the illuminated area, F, is fully illuminated. 
And so on, by mechanical optical means, the machine dissolves from film 
frame to film frame, all the time presenting a stationary image of each 
successive frame on the sensitive surface of the camera. 
The television camera converts the optical image into a television 

signal in the same way as it would a studio scene. 
(6) FLYING-SPOT FILM SCANNER (SEE FIG. 16). A raster is formed on a 

high-intensity cathode-ray tube, A. Two identical images of the raster 
are formed by the split optical system, B, on the film, D, one image 
being shuttered off by the shutter, C. Behind the film the photo-
electrical cell, E, collects the light from the raster which passes through 
the film. 
As the light spot traverses the screen, and its image traverses the 

film, an electrical signal will be generated in the photoelectric cell 
corresponding to the picture density in the film, i.c., corresponding to the 
picture brightness in the original scene. 
The film is moved continuously and smoothly. For the odd linee of 

the television picture the top image, II, is used. When these are 
complete, the shutter obscures the image, II, and releases the image, 
I2, and the even lines are then scanned, giving the complete interlaced 
picture. 

Outside Broadcasts 
In essence, the equipment used for television outside broadcasts is 

similar to that used in the studio, but it has to be more compact and 
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more flexible, both with regard to facilities and capability of working 
over a wide range of conditi.ons of light and weather. 
The normal complement is three cameras. The operating staff, 

producer; etc., with the apparatus, work in a mobile control room. 
At many. outside broadcasts, e.g., from theatres, the equipment is 
removed from the van and set up in a room in a building. 
The cameras themselves are located up to a maximum of about 

1,000 ft. from the control room in positions of vantage. The producer 
has a simultaneous display of the pictures from all three cameras, as in 
the television studio control room. 
By contrast with a studio production, where the producer can position 

and move his cameras at will, generally speaking on outside broadcasts 
the camera positions are dictated by circumstances which bear little 
relation to artistic effect, e.g., cameras must often be located a long way 
from the contra of action and cannot be moved. This leads to the use of 
a great variety of long-focus lenses in order to obtain close-ups,, say, of 
the batsman at the wicket. This in turn means very often a great deal 
more perspective distortion than is desirable. 
One interesting lens used in outside broadcasts is the Zoom lens. The 

focal length of this lens can be varied by as much as 5 to 1 without 
change of focus, so that the angle of view can be changed while the 
camera is " on the air ". This is often used to good effect on sporting 
events to come into close-up on incidents of interest and then, so to 
• speak, to retire discreotly when the interest widens. 

Li 

FOCUS OF 
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FIG. 17.—TUE ZOOM LENS. 
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The lens itself comprises four elements, which can move relative to 
one another in a complex relationship as shown in Fig. 17. 
The front lens, L1, is moved to focus the image. L, and L3 are 

moved to alter the overall focal length, and L 4 forms the image of the 
scene on the photo-cathode of the pick-up tube. 

Cameras 

The eye of the television camera is the pick-up tubo. In British 
television several types of pick-up tube are in uso. It is true to say that 
the completely satisfactory pick-up tube has not yet been devised, and 
therefore a choice has to be made with programme and artistic require-
ments on the ono hand and technical considerations on the other. 
The factors which must be considered in choosing a television -camera 

tube for a particular function are : good resolution, sensitivity ( i.e., 
the lighting required for good picture), freedom from unwanted dis-
tortion and contrast characteristic. The only factor in the camera 
design which is affected appreciably by the television receiver is the 
contrast characteristic, so a brief outline of this problem will show its 
importance. 

It is well known photographically that for the satisfactory reproduc-
tion of a scene the relationship between the reproduced brightness of a 
particular part of the scene and the brightness of the original point in 
the scene should be (very) approximately linear. Some deviation is 
permissible, and the amount is largely a matter of opinion (see Fig. 18). 

In a television system, assuming that all the amplifiers, radio links, 
etc., are distortionless (an assumption which is substantially true for 
the purposes of this discussion), then the two controlling elements in the 
relationship between original scene brightness and reproduced scene 
brightness are the television cernera and the cathode-ray picture tube 
in the receiver. 

In the receiver cathode-ray tube the relationship between voltage 
applied to the grid and the brightness of the screen is not linear, but is 
approximately a power curve of the form 

B = KV' 

where B = brightness of screen; 
K = constant depending on the particular tube; 
V = applied grid volts ; 
= coefficient (see Fig. 18). 

For most television receiver tubes the value of x lies in the region 
of 2-5. 

If therefore the overall characteristic is to he approximately linear, 
the television camera must have a characteristic which is the inverse of 
the receiver characteristic, i.e. : 

y = k-1 
b" 

where y =-- output voltage; 
k = constant depending on particular camera; 
b = original scene brightness; 
x = coefficient of power loss of television receiver tube (see Fig. 18). 
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For studio productions, the more important factors are good contrast 
characteristic, good definition and freedom from unwanted distortions. 
Factors not so important are sensitivity and ability to work over a 
large range of lighting conditions. In studios, the cameras in use are 
Emitrons, C.P.S. Emitrons (C.P.S. = Cathode Potential Stabilized) and 
Photicons, and P.E.S. Photicon (P.E.S. = Photo Electron Stabilized). 
The most modern studios in Britain employ 4¡ in. imagr orthicon 

cameras. The B.B.C. White City Television Centre is based on these 
cameras for all except Presentation Studios. 
On outside broadcasts the cameras must be able to work with 

extremely bright light, e.g., summer sunshine, and very little light, 
e.g., the interior of a cavern. Therefore, extreme flexibility and adapt-
ability is the dominant factor, and such matters as contrast character-
istic and contrast range are secondary. On outside broadcasts, the 
camera tube is universally the Image Orthicon. 

Image Orthicon Tube 

A brief description of the mechanism of the Image Orthicon Camera" 
Tube is given below, and a sectional schematic layout is shown in Fig. 19. 
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TABLE 3.—SUMMARY OF CAMERA TUBES 

Camera 
Tube Use Contrast 

Charaelertetie 
Contrast 
Range 

,;,; ,, 
''ens"" -1/ Remarks 

Emitron 

O.P.S. 
Emitron 

Studio Good Good Low Obsolescent. Recognized 
by white flare often at 
bottom of picture, and 
poor depth of focus. 

Studio Good Fair Medium Recognized by smooth 
rendering of dark tones 
and absence of " flare '. 
Occasionally unstable in 
bright parts of picture. 

Phot i con 

P.E.S. 
Photicon 

Image 
Orthicon 

Studio Good Good Medium Recognized by white flare 
often at bottom of 
picture. 

White flare negligible. 

Recognized by typical 
black halo round bright 
parts of picture. 

Studio Good Good Medium 

Outside 
Broadcasts 

Fair Fair Extremely 
Sensitive 

The lens focuses the optical picture on the photo-cathode. ' Electrons 
are emitted proportional to the incident light. and are drawn towards 
the target by the voltage applied to the accelerator grid, their paths 
being kept parallel by the magnetic and the accelerating fields. • 
The electrons pass through the copper-mesh screen, which has 750 

squares to the inch, in front of the glass target, which they strike, 
releasing secondary electrons, which are collected by the copper screen. 
This screen is held at a fixed potential of about 2 volts, with respect to 
the cathode of the gun. Since the mesh and the glass aro in close 
proximity (between 1 and 2 thou. inches), the surface of the glass is 
stabilized against change of potential for all values of incident light. 
The emission of secondary electrons leaves a pattern of positive 

charges on the front side of the glass target corresponding to the 
distribution of light over the photo-cathode. These charges leak away 
in two ways: 

(a) by leakage across the surface of the glass; and 
(6) by conduction through the glass to the rear side. 

The thickness and quality of the glass is so adjusted that the transfer 
of charge by the second mode predominates (the temperature of the 
glass is an important factor in this). 
By this transfer of charge, a positive electron image of the scene 

appears on the rear side of the target. 
This rear side of the target is scanned by a beam which strikes it 

orthogonally. This is achieved by the use of a combination of the axial 
magnetic field produced by the focusing coil and the transverse magnetic 
fields of the scanning coils. 

Because of the presence of the Decelerator Electrode, fixed at a 
small potential with respect to cathode, the scanning beam strikes the 
target at a very low velocity, so that no secondary electrons are emitted. 
The beam gives up electrons depending on the charge on the glass. The 
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remainder of the beam returns by substantially the same path to the 
No. 2 grid of the electron gun. (There is a hole in this to permit the 
ejection of electrons from the gun.) This grid forms the No. 1 dynode 
of a five-stage electron multiplier. The output from the electron 
multiplier (of the order of 100 mV) is amplified by conventional means. 
The scanning beam is focused by the electrostatic field of grid No. 5. 
The beam is fired axially down the magnetic field along the tube by 

adjustment of the current and position of the alignment coil. 
The secondary electrons from dynode No. 1 of the multiplier are 

focused on to dynode No. 2 by the electrostatic field from grid No. 3. 
The quality of the picture is affected by the conductivity of the glass 

target. If the conductivity is too low, smearing will occur; if it is too 
high, resolution will be lost. It is necessary, therefore, to keep the 
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Flo. 1 9.—Tita IMAGE ORTHICON CAMERA TUBE. 

temperature within fairly close limits 35--60° C. (This is achieved by 
the use of a heater and blower, depending on external conditions.) 

Hysteresis in the glass target gives the tube a memory of a few 
seconds, and this is also minimized by keeping the temperature within 
the prescribed limits. 
The image orthicon has two regions of operation: 

(a) the low-light region, where the signal output is proportional 
to the light on the photocathode; 

(b) the high-light region, where the signal output is substantially 
independent of the average light on the photocathode. 

It is usual to operate the tube in the high-light condition, though 
pictures can be obtained in the low-light condition at a sacrifice of 
signal-to-noise ratio, smearing and resolution. 
The mechanism of the tube in the high-light region is approximately 

as follows: 
Suppose a picture comprising only black and white squares (similar to 

a chequerboard) is presented to the camera, the brightness of the white 
parts being, say, x ft. lamberts. Then ax photoelectrons per unit area 
will pass from the photocathode to the target. These in turn will 
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release m(nx) secondary electrons. Of these, some will pass to the 
mesh, and some will fall back on the target close to their point of release 
(they cannot travel far because of the close proximity of mesh and 
target). Those which fall back on the target will give the effect of a 
local shading signal. 

If the illuminction of the scene is now • increased to, say, 10x ft. 
lamberts, 10»i (nx) secondary electrons will be released at the target. 
Because the number released is now larger, the target will tend to rise 
farther in potential and so draw back more secondaries. That is to 
say, proportionally more secondary electrons do not pase to the mesh, 
and the charge on the target due to changes in the incident, illumina-
tion of the photocathode is substantially unaltered. All that happens is 
a change in the local shading signal. 

This local shading signal under some circumstances is very visible; 
for example, a bright light in the picture is often surrounded by a . egion 
of black, although the remainder of the picture should be, say, grey. 
The overall effect of this is to give the tube a kind of A.V.C., or com-

pression characteristic, which can be extremely useful. For example, 
detail in dark regions of an otherwise light picture is very clear. (A 
dark doorway in a brightly lit house front is a good example.) 
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On the other hand, it gives tho tube a Peculiar contrast characteristic, 
which is at times rather inartistic. 

In spite of this defect, its enormous sensitivity and its flexibility give 
it the versatility required for outside broadcast use. 
Improved versions of this tube are now available in which these de-

fects.are less objectionable due to the inclusion of an additional mesh 
electrode which increases the decelerating field for the scanning beam 
in front of the target. 

T. W. 

TELEVISION OUTSIDE-BROADCAST UNITS 

These units have several functions : they provide a link between 
outside programme sources, such as sporting events, theatres and open-
air displays, and the television centre; they house tho equipment neces-
sary to form a mobile control room.; they convey the cameras and 
accessories to the scene of the event. This type of vehicle is built on a 
5-7-ton chassis. As picture monitors have to be viewed in partial 
darkness, the windows are fitted with shutters or blinds and the vehicle 
is usually fully air-conditioned. A sliding hatch and ladder behind the 
driver's cab give access to a cat-walk on the roof, which is used for 
mounting the micro-wave radiators linking with the main studios, and 
can also be used as a camera position. Cable drums for the camera and 
power-supply connections are stowed in a well at the rear. 
Tho basic equipment for a maximum of three camera channels, pro-

gramme and commtinication links with the mein studios is shown 
schematically in Fig. 21. Each camera channel has a separate control 
unit, which contains the control and amplifier circuits for the camera 
and a picture and waveform monitor, under the supervision of a camera-
control operator. Communication facilities, between the operator and 
the cameraman are provided by headphones and a microphone. A 
synchronizing generator furnishes the " synch ", blanking, line and field 
pulses for all the camera-control units. 

Synchronized video signals are fed from the camera control units to 
the vision mixer, situated in the producer's position, which enables him 
to mix, cut or fade selected inputs and send the picture to line or radio 
link. An independent picture monitor is also fitted in the producer's 
position for cueing and general monitoring purposes. 
The corresponding sound channels include three microphones, a 

combined sound amplifier and mixer, a control unit, a monitoring loud-
speaker and a power-supply unit. 
'Functionally, tho area can be divided into three parts: the control, 

production and supply sections, as shown in Fig. 22. The production 
position, occupied by the producer, is placed behind the control position, 
which is occupied by the camera-control operator, but at a slightly 
higher level, to enable the producer to overlook the control operator's 
monitors. Both positions may be arranged to face either the front or 
rear of the vehicle. Behind the control position are the -racks which 
accommodate the synchronizing generators,. regulated power-supply 
units for camera controls and a main-voltage control unit. Cameras are 
stored either under the control units or in the racks. 

The " Roving Eye" 
The " Roving Eye" is a specialized version of the outside-broadcast 

television unit, equipped for televising outside events while in motion. 
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FIG. 21.—FACILITIES DIAGRAM FOR MOBILE TELEVISION CONTROL ROOM. 
(a) Cameras; (b) picture and waveform monitors; (e) camera control units; (d) 

power supply units; (e) amplifier and mixer; (f) sync. generator; (g) loudspeaker; 
(h) radio check receiver; (i) vision mixer; (j) remote inputs; (k) communications unit; 
(I) line; (m) vision link; (n) sound link. 

The fore part of the vehicle behind the driver's cab is occupied by a 
camera mounting, which permits the camera to be elevated through a 
sliding hatch in the roof and panned in any direction. In front of the 
camera is a position for the commentator, who is equipped with a 
picture monitor. ' 

Programmiss are relayed to the television centre by separate low. 
power V.H.F. vision and sound transmitters feeding a demountable 
Yagi aerial on the roof, which is capable of being rotated and orientated 
towards the television centre. An independent communication type 
V.H.F. transmitter-receiver • with a whip aerial provides for inter-
communication with the main station. Camera control, synchronizing, 
monitoring and power-supply equipment is a simplified edition of that 
carried in a fully equipped outside-broadcast unit. 
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FIG. 22.—REPRESENTATIVE EQUIPMENT OF 
A MOBILE TELEVISION CONTROL Room. 

A—cameras; B—camera control units; C— 
picture and waveform monitors; D—regulated 
power supply units; E—monitor regulated 
power supply unit; F—vision mixer; G—R.F. 

picture monitor; H—sync. generator; J—communication unit; K—loudspeaker; 
L—voltage control unit; hi—sound control panel; ii—power supply unit; P— 
sound amplifier unit. (Courtesy Marconi's Wireless Telegraph Co. Ltd.) 
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CAMERA TUBES 

Basic Principle^ 

An early device used for picture pick-up was the Farnsworth Image 
Dissector. An optical image was focused on to a photo-emissive 
surface, and the photocurrent from each " picture point " was measured 
once per frame. The principal limitation of the system was that only 
the energy originating from a picture point during the examination 
of that point was available for transmission. 

In the modern camera tube the train of signals can still only relate at 
any one instant to one picture point, but the energy transmitted is that 
stored electronically for a large fraction of thd time between scans. 
The gain in sensitivity depends on the ratio of " storage time " to 
" examination time "; in a high-definition system the examination 
time becomes very small and the gain becomes very large. For example, 
a tube operating on British Standards (405 lines and 4/3 aspect ratio) 
may be regarded as forming a picture with 405 x (4/3 x 405) or 
approximately 200,000 picture points. Hence the examination time is 
l / 200,000 of frame time. St) that if the storage time is frame time, 
there is a theoretical gain in sensitivity of 200,000. 
The modern camera tube, then, consists essentially of a photo-

sensitive surface which can meter the light content of a picture, a storage• 
surface on which the picture content is stored as a charge image, and a 
means for scanning the charged surface with a beam of electrons to 
neutralize the charge image or restore the surface to some equilibrium 
conditibn. 
Camera tubes fall conveniently into two groups according as they aro 

scanned with a low- or high-velocity beam. In the first group are the 
C.P. (Cathode Potential Stabilized) Emitron, the Image Orthicon and 
the Photo-conductive Tube (Vidicon and Staticon). In the second 
group are the Emitron (now obsolescent) and the modern equivalents 
of the Super-Emitrón (the Midget Super-Emitron, the Photicon, the 
Eriscope and the Imago Iconoscope). 
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FIG. 23.—THE BASIC P R I NCI PL E or THE C.P.S. EMITRON. 
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The C.P.S. Emitron 

In the 4-C.P.S. Emitron the light-sensitive surface and the charge. 
storage surface are combined in a photo-mosaic (Fig. 23) consisting of 
an array of photo-emissive elements on the surface of a dielectric, each 
element being insulated from neighbouring elements. The mosaic 
surface is scanned with a low-velocity beam; without illumination this 
surface will stabilize at such a potential that in effect no more electrons 
can land. This potential is substantially that of the gun cathode. 
When a picture is imaged on to the mosaic surface, photo-electrons are 
liberated and withdrawn to the wall anode, thereby building up a 
positive charge image, the charge on any element being proportional to 
the light falling on that element between scans. The charge pattern is 
stored by virtue of the mosaic insulation and also by the capacitance of 
each element to a common transparent metallic film, .the signal plate, 
formed on the other side of the dielectric sheet. Each element on being 
scanned is restored towards cathode potential; the charges thereby 
induced in the signal plate leak through the signal resistor R, and 
produce a voltage fluctuation on the grid of the first valve of the 
amplifier. Since there is complete collection of the photo-electrons 
over the whole frame period, this tube operates with full storage. 

The Image Orthicon 

A description of the Image Orthicon camera will be found on p. 4-31. 

The Midget Super Emitron 

The Super Emitron is a tube similar to the high-velocity-scanned 
Emitron, but having an added image section, again to separate the 
functions of photo-emission arid charge storage. Not having a double-
sided target, this tube employs oblique scanning (Fig. 25) by an electro-
magnetically focused gun. The photo-electrons are focused on to the 
storage target by a combination of electrostatic and magnetic fields. 
The accelerating potential is 500 volts, so that there is secondary 
emission multiplication at the storage target. Since the storage target, 
however, is stabilized near the potential of the wall anode, not all these 
secondaries are collected, but a large proportion fall back on to the 
storage surface. As these electrons have considerable emission velocity 
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Fm. 27.—Tas BASIC PRINCIPLE OF THE PHOTO-CONDUCTIVE TUBE. 

they are able to spread, so that only a few secondaries fall back on their 
place of origin. Thus an area corresponding to a highlight gradually 
acquires positive charae compared with its surroundings, and this 
process is continuous during the whole frame interval. In addition to 
the frame storage effect there is a storage effect which operates for a 
few line periods only. The scanning beam liberates secondaries which 
are also widely scattered so that a trail of positive charge is left by the 
beam (Fig. 26), and this positive trail is able to collect the secondaries 
liberated by the photo-electrons from a given area as the beam 
approaches that area. With both these storage effects the storage 
efficiency of the Midget Super Emitron is still only 6 per cent of that 
which wou'd be obtained if all the photo secondary electrons could be 
collected. 

The Photo-conductive Tube 

The last type of tube currently used for picture pick-up, although of 
limited application, is the photo-conductive tube. The basic features 
of this type of tube are shown in Fig. 27. The optical image is pro-
jected through a transparent metal signal plate on to a layer of photo-
conductive material deposited directly on to the signal plate. The 
searuP,d surface is again stabilized near cathode potential and the 
signal  plate is held a few volts positive with respect to the eathode. 
Under illumination, the reSistance of the layer is reduced according to 
the intensity of the illumination, and positive charge leaks through to 
the scanned side, building up a charge image during the whole frame 
interval. The charge image is scanned off by a low-velocity beam, and 
the signal is taken from the signal plate. As the charge image is nearly 
proportional to the light received between scans, this tube also onerates 
with full storage. 

Performance Characteristics 

The practical performance of all tubes falls far short of ideal, and a 
review of some of the following performance characteristics, most of 
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which can only be judged subjectively, will inevitably be largely an 
account of failings: 

Sensitivity and signal/noise ratio Spurious signal 
Definition . . • Exposure time and lag 
Contrast rendering . . Geometry, life 
Stability . . Colour response 

A summary of the practical performance of camera tubes will be 
found in Table 3, but more detailed information is given below. 

Sensitivity and Signal/Noise Ratio 
There is no absolute method of assessing sensitivity. Table 4— 

compiled by D. C. Birkinshaw—compares the sensitivities of current 
tubes in terms of the illumination required on a scene to give a good-
quality picture with an equal, arbitrary depth of field. The depth of 
field is, of course, set by the optical system, the f number relating to the 
size of the optical image required by the sensitive surface of the tube. 

TABLE 4.— CAMER-A-TUBE SENSITIVITIES 

Tube Lens Aperture 
Incident Light 
(foot candles) 

Emitron . . . 
Midget Super Emitron 
Photicon . . . 
C.P.S. Emitron 
Image Orthicon 

f 17 
f 2-3 
f 4.2 
f 6.3 
f 4.6 

8,000 
125 
700 
120 
30 

In practice, the incident illumination in studios does not exceed 300 f.c. 
(foot-candles), and where necessary focal depth is sacrificed. In " out-
side broadcasts" the illumination may vary from about 2,000 f.c. to 
below 10 f.c. Indeed, modern sensitive cameras can produce intelligible 
pictures, although of poor quality, at illuminations below 1 f.c. (The 
illumination in an artificially lighted domestic rqom is usually within 

the range of 3-10 f.c.) 
One limit to sensitivity in camera tubes is set by the noise generated, 

either in the tube itself or in the first stage of amplification. Noise 
appears in a picture as white flecks which tend to mask picture detail. 
The length of the flecks depends on the frequency of the disturbances. 
Low-frequency noise produces long flecks, while high-frequency noise 
appears as small " snowstorm " flecks. Noise arisés from the following 
causes: random fluctuations in the photo-current about a mean value, 
known as shot noise, a similar fluctuation in th.. beam current, a thermal 
agitation noise in the signal resistor and, lastly, a shot effect in the first 
valve of the amplifier. The sources of noise in the tube and the resistor 
noise have energies distributed over the whole of the range of fre-
quencies to be transmitted, while the amplifier noise, by suitable 
amplifier design, tonds to be concentrated in the high-frequency end of 
the spectrum. In estimating the signal/noise ratio required to give a 
noise-free picture, the more disturbing effect of flat or " white " noise 
as against peaked or " coloured " noise, has to be considered. 
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The Image Orthicon derives its sensitivity from the multiplication in 
the image section, followed by the noise-free amplification in the 
electron multiplier. This raises the output current to a level where the 
contribution of noise by the amplifier is negligible. The resultant 
signal/noise ratio then is set by the signal/noise ratio before amplifica-
tion in the multiplier, since both signal and noise are amphfied together. 
It is unfortunate that the only solution yet achieved to the problem of 
making a practical double-sided target necessarily produces one of low 
capacitance; hence only a small charge can be stored and the shot noise 
is relatively high. Moreover, in cathode-potential-stabilized tubes it 
is not possible to produce more than about 30 per cent modulation of 
the return beam, which therefore has a large idle component con-
tributing noise. Finally, this noise has the disturbing flat characteristic. 
The anomalous result is that, although the Imago Orthicon is a very 
senPitive tube, it has a poor optimum signal/noise ratio. 

The C.P.S. Emigren, with its much higher storage capacity, is limited 
by the noise generated in the first stage of the. amplifier. Since, also, 
this noise is peaked, this tube can give a sensibly noise-free picture. 
Both these tubes will continue to give information, however, when the 
light is poor and the signal/noise ratio is correspondingly low. 

The Midget Super Emitron gives a fairly low-noise picture under 
good lighting conditions, although in this tube the beam can contribute 
noise. At low-light levels, however, this type of tube becomes limited 
by shading. 

Definition 

It is generallv assumed that a camera tube operating on 405 lines 
with a 4-/3 aspect ratio should he capable of resolving 405 x 4/3 = 530 
vertical black and white lines with 100 per cent modulation to give a 
balanced picture. This is equivalent to saying that the response 
should be flat to 2.7 Met's. In practice, it is doubtful whether any tube 
can achieve 50 per cent modulation of 530 lines. Definition in a tube 
may be limited by the following factors: beam focus and pulling of the 
beam by highly-charged areas (low-velocity tubos), target leakage, cross 
talk between scanning and imago sections (image-section tubes), and 
the mosaic structure in the C.P.S. Emitron. High-frequency losses can 
toe corrected by boosting the top response of the amplifier, although 
such " aperture correction" will reduce the signal/noise ratio. 

Contrast Rendering 

The ree.....-ing tube has a gamma of about 2-2 (gamma = log signal/log 
light). To reduce the overall gamma of the system to 1-5, which is still 
high, the signal applied to the tube must have a gamma not exceeding 
1-512-2 = 0-68. The C.P.S. Emitron has-unity gamma over its normal 
working range, and must be corrected by a non-linear amplifier. A pre-
requisite for gamma correction is a true black level as a zero reference, 
as can be provided during frame return time when the beam is cut off. 
As long as the light range of the scene is not too great, the C.P.S. 
Emiton will give a picture with fine tone gradation. 
No other tube has a fixed gamma law. In the Image Orthicon the 

tonal gradation depends on the mesh potential and the light content of 
the picture. In low-velocity tubes the voltage excursion of the scanned 
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surface must always be controlled to within fairly close limits. If it 
is too high the beam will be defocused when scanning the more positive 
areas; if, on the ether hand, the potential is too low, then the discharge 
efficiency of the beam falls, resulting in poor been modulation and 
incomplete discharge of the storage surface. The target capacitance of 
the C.P.S. Emitron is chosen to give the right voltage swing for the 
charge available from the photo-emission in frame time. The target of 
the Image Orthicon, however, has limited capacitance, and the voltage 
excursion is controlled by the mesh potential. When a " highlight " 
reaches mesh potential, the secondaries from the highlight will no longer 
be collected by the mesh, and will redistribute themselves on the target, 
some falling on the darker areas surrounding the highlight, producing 
a dark " halo " to the highlight (Fig. 28). Thus a highlight is able to 
preserve its contrast even if the surroundings are so bright that their 
corresponding charge images are also subject to limiting. The tube will 
operate under adverse lighting conditions by virtue of this effect, but it 
does so only at the expense of losing fine tone gradation. 
The contrast rendering of the Midget Super Emitron is generally 

good, but will depend on scene content to a small extent, since in this 
tube too there is a redistribution of the secondary electrons, which 
reduces the brightness of a highlight together with the surrounding 
area, but the effect is less localized than in the Image Orthicon. In 
practice; this tube can be said to have a gamma varying from 1.0 at 
low light to 0.3 at highlight levels, so that again this tube is adaptable 
to adverse lighting conditions. A gamma-correction circuit cannot be 
used, as there is no fixed black level. 

Stability 

This is the ability of a caméra tube to produce a picture when over-
loaded with light. As explained above, the Image Orthicon and the 
Midget Super Emitron are able to give a picture when overloaded, at 
the expense of picture quality. Th, C.P.S. Emitron, however, works in 
a metastable condition. Should a highlight appear sufficiently bright 
to charge the mosaic within frame time to such a potential that on the 
average each beam electron will liberate one secondary electron, then 
it is olear that the beam will not be able to discharge the mosaic. 
On subsequent scans the mosaic will be charged by loss of secondaries 
very quickly, the mosaics will stabilize at wall anode potential, and the 
picture is lost. This tube is very much more stable than previous 
tubes of a similar type, owing to the structure of its mosaic, which is 
made by evaporating the baso layer of the sensitive surface through the 
interstices of a metal mesh. The strips of dielectric surface between the 
91ements exert a marked biasing effect on the photo-emission. This has 
no effect within the normal working range, but a very small highlight 
will be biased off very quickly no matter how bright it is. Due to this 
biasing effect, the tube will stand an overload on one-eighth of the area 
of about twenty times the light to give peak white signal. 

It is possible to render the C.P.S. Emitron completely stable by 
providing a mesh electrode close to at scanned surface; the mesh is 
held near the critical potential mentioned above, and no element can 
acquire a potential above the mesh potential. So that even under 
extreme lighting conditions the mosaic is held to a potential at whioh 
the beam can still discharge efficiently. 
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Spurious Signals 

Any non-uniformity in the sensitivity of a photo-surface, or any varia-
tion in a secondary emission surface, will produce " background ". 
This type of defect occurs in all tubes. The C.P.S. Emitron has no 
other source of spurious signal. 
The Image Orthicon has the following additional possible sources of 

background. If the beam electrons have some lateral energy, the 
amount of which varies according to the amplitude of scan, then there 
will be a variation in the potential at which the target is stabilized, and 
hence a variation in the voltage excursion. This will produce variations 
di signal and gamma (Fig. 28). (A similar variation of target potential 
may occur in the C.P.S. Emitron, but the voltage swing is unchanged, 
and only slight defocusing will result.) Secondly, there will be back-
ground due to tho return beam scanning a small area of the gun anode: 
this defect, which includes a white spot due to the limiting aperture, is 
minimized by slightly defocusing the beam. There may be further 
shading introduced by non-uniform multiplication of the return beam. 
Finally, there is the possibility of " ghost" images being formed which 
are the result of the secondary electrons from a saturated " highlight " 
arriving back on the target in partial focus. 

High-velocity tubes have a serious form of shading due to the non-
uniform generation and redistribution of the secondaries released by the 
scanning beam. Increasing the beam current in high-velocity tubes 
increases the signal, but shading also increases, and at a faster rate. 
This effect rather than noise sets the illumination lower limit for high-
velocity tubes. The modern small versions of the original Super Emitron 
have reduced shading signals, and in one development of the Photicon 
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Photicon) they are still further reduced by providing an auxiliary 
source of electrons to balance the redistribution of secondaries. 
Residual shading can be corrected with varying success by injecting 
signals with sawtooth and parabolic waveforms at both line and frame 
frequency, but these may require adjustment as the scene content 
changes. 

Exposure Time and Lag 

The exposure time depends on the storage mechanism. In the C.P.S. 
Emitron the exposure time is frame time. In the Midget Super 
Emitron the exposure timo is still frame time, although the storage 
efficiency is only 6 per cent, as this tubo stores inefficiently for the whole 
frame time. The exposure time in the Image Orthicon will depend on 
how long it takes for the highlights to start saturating : darker parts of 
the picture may have an exposure time which is the-same as frame time. 
Frame time exposure (h. second) will produce blurring on fast-moving 
objects. This should not be confused with the lag resulting from : he 
incomplete discharge of the storage target, an effect which becomes 
noticeable when the light is not sufficient to produce the. optimum 
voltage excursion. 

This brings us to the fundamentals. of the photo-conductive tube. 
The layer, which is in effect its own storage dielectric (the dark. resistance 
being high), is very thin, since photo-conductive materials used hitherto 
produce highly absorbing layers, and with most materials the tube will 
operate only if the whole thickness of the layer is illuminated. Owing 
to the thin layer, the capacitance between the storage surface and the 
signal plate is correspondingly large, so that the tubo stores a high 
charge at a low potential. Consequently the discharge efficiency of the 
beam is poor, resulting in long lag on moving pictures. The effect is 
minimized by scanning the smallest area allowed by the beam focus, 
thus reducing the capacitance and stored charge and allowing the beam 
to be used more efficiently. In addition to the discharge lag there may 
be hysteresis of the light-sensitive effect, which also produces lag. In 
tubes employing materials not subject to the light-absorption limitation, 
so that thicker layers can be used, hysteresis appears to nullify the 
expected improvement in lag. 
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TRANSMITTER POWER REQUIREMENTS 

Primary Power Supply 

Low-power transmitters for fixed stations, for which the power input 
does not exceed 5 kW, usually derive energy from a single-phase 
service. This source may be one phase and neutral of a three-phase 
public supply or a small single-phase engine-alternator. Transmitters 
above this rating are invariably designed for operation from a three-
phase supply system, since a single-phase load greater than this may 
seriously unbalance the phase loading, particularly where a small 
engine alternator is the source of supply. 

R.F. OUTPUT AT 100% MOD 
38% 

< 

MAIN AMPLIFIER AND MODUL' R 

ANODE LOSSES 28% 

FILAMENT HEATING LOSSES 

.' °/4 

LOW POWER AMP'R LOSSES 5% 

AIR COOLJNG PLANT 5% 

MAIN RECTIFIER LOSSES 4% 
cr" 

GRID BIAS, CONTROLS, ETC. 3h, 

Flo. 1.—(left) ErriciENcy AND LOSSES 1[50-kW H.F. BROADCASTING TRANS. 

}UTTER CLASS 13 MODULATION. 

FIG. 2.—(right) Erincuorcy AND Losers 12-kW V.H.F. TELEVISION 
TRANSMITTER. 

I. R.F. OUTPUT, PEAK WHITE 18% 

MAIN AMPLIFIER AND MODUL' R 

ANODE LOSSES 41% 

FILAMENT HEATING LOSSES 

9% 

AIR COOLING PLANT 9% 

LOW POWER AMP'R LOSSES 6% 

MAIN RECTIFIER LOSSES 4% 

GRID BIAS, CONTROL, ETC. 2% 

5-2 
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The chief advantages of a three-phase supply are that the weight 
of copper in supply and distribution cables is only 75 per cent of that 
required for a single-phase supply; three-phase or six-phase rectifica-
tion for anode power is more efficient than single-phase rectification, 
and smoothing filters for the higher rectification frequency can be made 
much smaller and cheaper; three-phase squirrel-cage motors for cooling 
plant and other auxiliaries are cheaper and require less maintenance. 

Ljght mobile transmitters are designed to operate from 6-volt or 
12-volt vehicle batteries or from 12-volt or 24-volt D.C. aircraft supply. 
A small rotary transformer, rotary converter, a vibrator power pack 
or transistor invertor converts the D.C. to A.C. Filaments are heated 
directly from the battery or D.C. source. Transceivers and " walkie-
talkie " equipments usually rely entirely on dry batteries. Military 
pack sets commonly obtain their supplies from hand-driven or pedal-
driven generators or small motor generators. 

Transmitter Efficiency 

The division of load in a transmitter is illustrated by the typical 
power-utilization diagrams of Fig. 1 for a high-power broadcast trans-
mitter and Fig. 2 for a television transmitter. In general, the efficiency 
of conversion to radio frequency power increases as the output power 
is increased and as the frequency is reduced, and seldom exceeds 60 per 
cent. The following table shows the average conversion efficiencies 
to be expected from transmitters of various types and ratings. Thee 
figures are typical, and some variation will be found with transmitters 
of different design. 

TABLE 1.—Ovrams. EFFICIENCY or TRANPMITTERS 

Type of Transmitter R.F. Output Frequency 
Power Range 

M.F. amplitude-modu-
lated broadcasting 

M.F. amplitude-modu-
lated broadcasting 

BY. amplitude-modu-
lated broadcasting 

H.F. amplitude-modu-
lated broadcasting 

V.H.F. amplitude-modu-
lated broadcasting 

V.H.F. frequency-modu-
lated broadcasting 

V.H.F. television 

0-25-5.0 kW 
carrier 

5-100 kW 
carrier 

0-25-5-0 kW 
carrier 

5-100 kW 
carrier 

2-20 kW 
carrier 

2-20 kW 

0.5-5-0 kW 
peak 

5-50 kW 
peak 

Overall 
Efficiency: 

LP. power output 
A.C. power input 

(%) 

525-1605 kc/s 22-34 

525-1605 kc /8 34-60 

2.5-26-0 Mc/s 20-30 

2-5-26-0 Mc/s 30-43 

42-88 Mc/s 26-33 

85-100 Mc/s 34-48 

42-88 Mc/s 16-28 

42-88 Mc/s 28-33 
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TABLE 1 (contd.) 

Type of Transmitter R.F. 0-..tput Frequency 
Power i Range 

Overall 
Efficiency: 

It.F power output 
A.C. power input 

(%) 

H.F. telegraph, C.W S 0-1-2-5 kW 1 2.0-27-5 Mc/s S 17-33 
key down I 

H.F. telegraph,' C.W. 2.5-20 kW ! 2.0-27-5 Mejs i 33-40 
key down ! ! 

H.F. double-sideband 2.5-20 kW S 2.0-27.5. Mc ,'s 29-36 
telephony , carrier , 

V.H.F. telegraph/tele- 10-100 W ! 100-156 Mcis 8-12 
phone 

Total kVA and Power Factor 
The determination of the total kVA and overall power factor of a 

station must take into account the different reactive effects of the 
various parts of the equipment. The total kVA is calculated by adding 
separately the power components in kW and the reactive or wattless 
components in reactive kVA taken by each piece of apparatus, and 
adding the results vectorially, as shown in Fig. 3. 

Power component in kW P = kVA x cos 9S 
Reactive component in lcVAr = P tan 4. 
Total kVA kW)- (total  reactive kV A)2 

total kW 
total kVA 

It is convenient to tabulate the kVA and power factors for each piece 
of equipment, and obtain values of tan e for corresponding values of 
cos 1, from trigonometrical tables, as in the example Table 2. 

Overall power factor 

A   

LU 

O 
ci 
2 
O 

cc 

3 à 
! 
c„-

y 
O Pi tan gse 

TOTAL kVA = OC 
OVERALL POWER FACTOR 

_OA 
— 0C 

WATTLESS COMPONENTS, /WAR 
FIG. 3.—TOTAL kVA AND OVERALL POWER FACTOR or TRANSUITTTNG 

EOL'IPMENT. 
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TABLE 2.—kVA AND POWER FACTORS 

Eqqipnunt 

Main H.T. rectifier anodes . . 
Main 11.1'. rectifier filament heating . 
Auxiliary 11.T. rectifier anodes 
Grid-bias rectifier anodes . . 
Auxiliary and grid-bias rectifier fila-
ment heating . . . . 

Amplifier filament heating . . 
Air cooling fan . . . 
Controls and auxiliaries . . . 

Totale . . 

kVA P.F. kff' 
(con e) (P) 

tan 4 kVelt 
(P lan 

23.0 
0.5 
0.5 
0.76 

0-2 
3-0 
1.5 
0-3 

0-95 
1.0 
0.87 
0-95 

10 
1.0 
0.85 
0.83 

23.9 
0.5 
0-44 
0-84 

0-2 
3.0 
1.27 
0-25 

0.33 
o 
0-57 
0.82 

o 
o 
0.62 
0.67 

30-2 

8-25 

0 • 
o 
o 
o 
0.93 
0.2 

10.14 

Total kVA V31.) .2' + 10.14, = 51-9 kVA 

30-2 Overall P.P.= 5T-9 =  0-947 or 94-7% 

Tho load power factor of modern high- and medium-power trana-
mitting equipment is usually of the order of 95 per cent. Consequently, 
the use of power-fitetor correcting condensers is seldom justified by the 
saving in power costs. 

Power Distribution Diagrams . 

On of the first steps in planning the equipment ut a high-power 
transmitting installation is to construct a power-distribution diagran 
of the kiiid outlined in Fig. 4. These diagrams aro built up from a know-
ledge of thevol t age and la 400 SVA 
current ratings and le 64ity 
anode disoipPtion of 
the valves, obtained ir 
frets characteristic MOSVA 
curves. From this  txdo.ibeisv 
starting point the k VA e ta 
or kW ratings of rec. [ 
Libers, transformers r 
and other conversion \ 

c 

plant in each branch 

the a verage efficiencies ¡2 1 a(P ' i 

aro estimated. Table 
3 is . r useful guide to f I. 
and pow 2 er factors of 1 i '—'-' --- —.— u 
the types of equipment ...2 Z I. ti 1 • e e me. 
in common use. q ig2 Fi Ei Itl. 
Finally, the total kVA 
input is determined by e it> h ihlh I 15 e'.' d I ;1 
in the preceding sec- 5i L.-,, , < e 'i g''' e( e- ._i'4: q I'' :C..% J 
the method described ");`; ,e4 %.'  

Lion. The complete m • J ii• Ec 'c `.,i e 1 e 1<i 
diagram furnishes the 
total power, overall Fie. 4.—Powza DISTRIBUTION DIAGRAM roa 

150-kW M.P. BROADCAST TRANSMITTER. 
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efficiency and power factor of the installation, and data for the preparation 
of detailed specifications of conversion plant, cooling equipment, switch. 
gear and cables. 

TABLE 3.—AVERAGE EFFICIENCIES AND POWER FACTORS or 
CONVERSION AND COOLING PLANT 

Equipment Efficiency 
(0/0) 

Power 
Factor 

Three-phase or single-phase alternator 
10-50 kVA . . 86-90 
50-100 kVA . 90-92.5 
100-500 kVA . 92-5-94.5 
500-1000 kVA • • 94.5-95 

D.C. generator, compounded 
1-5 kW . . 75-82 
5-10 kW . 82-87 
10-50 kW . 87-91 

91-93 
100-500 kW . . . . . 93-94 

Three phase induction motor/D.C. gener-
ator 
1-5 kW . 62-70 • 
6-10 kW . 70-77 
10-50 kW . 77-82 
50-100 kW . . . . 82-85 

Three-phase squirrel-cage induction motor 
1-5 B.H.P. . . • • 75-85 
5-10 B.H.P. 85-88 
10-50 B.H.P. 88-91 
50-100 B.H.P. . . 91-92 

Three-phase synchronous motor 
50-100 B.H.P. . 91-94 
100-500 B.H.P. . 94-96 

D.C. shunt-wound motor 
Fractional B.H.P. 65-75 
1-5 B.H.P. 78-83 
5-10 B.H.P. 83-86 
10-50 B.H.P. 86-90 
50-100 B.H.P. 90-93 

Rotary transformer 
50-250 W . 50-60 

Three-phase or single-phase transformer 
Fractional kVA . 80-93 
1-5 kVA . 94-96.5 
5-10 kVA . 96.5-97.2 
10-50 kVA . 97.2-98.2 
50-500 kVA . . . . . 98-98.4 

Cold-cathode steel-bulb mercury-arc recti-
fier with auxiliaries 

200-1000 kW, 2-12 kV . 93-95 

0.75-0.80 • 
0.80-0.83 
0.83-0.86 
0.8ft-0-87 

0.81-0.86 • 
0.86-0.88 
0.88-0.91 
091-0.92 

1.0-0.9 t 
I.0-0.9 

0.96 
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TABLE 3 (contd.) 

Equipment Efficiency 
(0/01 

Power 
Factor 

Cold-cathode glass-bulb mercury-arc recti-
fier with auxiliaries 

25 kW, 100 V 
50 kW, 250 V . 

200 kW, 600 V . . . . 
Hot-cathode mercury-vapour rectifier 
• with auxiliaries 

50-200 kW, 2-12 kV . . 
Metal rectifier with transformer 

25-250 W, single-phase full wave 
250-2500 W three-phase full wave 

Vibrator converter . . . 
Motor-driven centrifugal fan 

0-05-0-1 air H.P. 
0-1-0-25 air H.P. 
0-25-0-5 air H.P. 
0-5-1-0 air H.P. 
1-0-2-0 air H.P. 

78 0-92 
87 0-92 
93 0-93 

94-95 0-95 

50-65 0-7-0-85 
65-83 0-8-0-9 
50-60 

7-12 0 75-0 78 
12-20 0 78-0 8 
20-35 0-8-0-81 
35-37 0 81-0 82 
57-65 0 82-0 84 

* Efficiency and power factor improve with increase in synchronous 
speed. 
t Power factor varies from lag to lead with incr..se in excitation. 
t Overall efficiency, air H.P. divided by input power to motor. 

POWER TRANSFORMATION 

Economics of Transformation 

The practice of duplicating transformers ensures continuity of supply 
if a defect occurs in one of them. A saving in first cost can be made by 
rating each transformer for two-thirds of the station load with all 
transmitters operating at full power. The iron and copper losses of two 
similar transformers sharing a load in parallel are less at full load than 
the losses of a single transformer of equivalent rating. British Standard 
Specification B.S. 171: 1936 stipulates that a transformer shall be 
capable of handling 50 per cent overload for 5 minutes following normal 
full loading, or for a longer period after light loading. Correspondingly 
longer periods are permissible with a lighter overload. Thus, if one 
transformer should fail, the other can take over the full load for a short 
period or maintain continuous service at two-thirds of the normal full 
load. 

Transformers will operate satisfactorily in parallel on the same supply 
if the secondary voltages are the same and in phase at all loads. This 
means that they must be alike in (a) voltage ratio, (b) polarity, (c) phase 
rotation, (d) impedance and (e) resistance/reactance ratio. If the 
impedances differ the load will divide between the transformers in the 
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H.V. SUPPLY inverse ratio of their impedances, 
the terminal voltages will not be 

.1. .l. the same and circulating currents 
ISOLATORS will flow. Means must, of course, 

be provided for isolating either 
OIL CIRCUIT transformer in the event of a fault 
BREAKERS or for separate operation. Fig. 5 

illustrates the basic requirements. 
No No.2 TRANSFORMERS Transformer losses and heating 
e; increase with the loading. The 

ISOLATk5RS load that can be carried is, there-
T T fore, limited. by the temperature 

rise above the surrounding air. As 
there is a thermal lag, the tempera-
ture rise corresponds to the average 

FIG. 5.—DUPLICATION OP SUPPLY load, so that transformers for trans-
TRANSFORMERS. mitters in which the load varies 

under modulation or keying may 
be rated below the peak demand. 

For example, a supply transformer for a Class B modulated broadcast 
transmitter, rated for a continuous load equal to that at average 
modulation, which is about 30 per cent of the peak, will comfortably 
deal with modulation peaks. If the transformer complies with the 
British Standard Specification, it will also be capable of dealing with an 
overload of 20-30 per cent for 30 minutes, and it will not, therefore, 
overheat excessively on a sustained full-modulation test of the trans-
mitter for that period of time. 
With high-power broadcast transmitters a saving in transforming 

equipment is made possible by taking power for the main rectifier 
transformer, which forms the bulk of the load, direct from three-phase, 
high-voltage lines, and transforming down to a medium voltage only 
for • grid bias, filament heating and auxiliary supplies, as shown 
schematically in Fig. 6. 

M.V. SUPPLY 
TO TRANSMITTERS 

Uses of Anto-transfonners 

Auto-transformers can be used economically to step up or step down 
the supply voltage where it differs from that for which the transmitter 
is designed. Since the primary turns are included in the secondary 
winding, the volume of copper in the windings is less than in an equiva-
lent double-wound transformer. For a given transformation ratio k, 
the saving in copper compared with a double-wound transformer is 

1/k X 100 per cent 

The saving is appreciable with low transformation ratios: for example, 
with a 2 : 1 ratio it is 50 per cent; with a 10 : 1 ratio it is only 10 per 
cent. 

Three-phase auto-transformers are usually Y-connected, as in Fig. 7. 
This permits the insulation to be reduced at the neutral point when it is 
joined to the neutral of a four-wire supply. The neutral is usually 
brought into the station to obtain the phase-to-neutral voltage, (which is 
111/3 of the line voltage) for auxiliary apparatus and control circuits 



TRANSMITTER PCWER PLANT 5-9 

6.6KV. 3-PH. 6.6 KV. 3- PH. 

la 1 14 

ril0.C.B. ISOLATOR ISOLATOR 

O.C.B. 

TRANSFORMER TRANSFORMER 
400 KVA 125KVA 

6.6KV/415 V 6.6KV/415V 

ISOLATOR ISOLATOR 

-r-- 'Pa a a a a t 
B —• a a 

A C _ •.---- 
eee, (.9 i: eee 

DISTRIBUTION DISTRIBUTION 
TO AUXILIARY TO AUXILIARY 
EQUIPMENT EQUIPMENT 

H.V.RECTIFIER 

A.C.B 

TRANSFORMER (a) (b) TRANSFORMER 
275 KVA 275 KVA 

415V/12KV. 6KV/12KV. 

' Fie. 6.—Two TRANSFORMATION SCHEMES FOR HIGEDPOWER TRANSMITTING 
EQUIPMENT. 

(a) NfedIttru-voltage distribution. (b) Iligh-voltage supply to main rectifier, medium-
voltage distribution to auxiliaries. 

Where a four-wire supply is available, the neutral point of the trans-
former must be connected to the neutral of the supply, for the following 
reasons: 

El 

(1) It permits the use of cables and apparatus insulated only for 
the line-to-neutral voltage. 

(2) If the neutral were left floating, out-of-balance conditions or 
the occurrence of a fault between a line and neutral might lead to 
excessive rise of voltage on the neutral conductor (see Fig. 8). 
Under such conditions the insulation of connected apparatus 
would llave to he good for the line- to-line voltage. 

(3) A floating neutral would require to be switched in the same 
way as the line conductors to ensure that no voltage is present on 
connected appliances when the three-phase switch is open. 

-1 s. 

AUTO-TRANSFORMERS. FIG. 7.—ONE -PHASE AND THREE-PRASE 
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INCORRECT CORRECT 

FIG. S.—THREE-PHASE AUTO-TRANSPORMER—TUREE -PRASE, Fotnt-wrnit 
SUPPLY. 

An auto-transformer should not be used under the following 
conditions: 

(1) On a three-phase, three-wire supply where it is required to 
earth the neutral (see Fig. 9). Supply authorities usually prohibit 
earthing at any point in the distribution system other than at the 
source, as the introduction of a second earth connection would 
unbalance the earth-leakage protection circuits. 

(2) For high-ratio step-down of voltage, when there is a danger of 
high voltages appearing in the low-voltage circuit under fault 
conditions. 

Transformer Rooms 

Precautions must be taken against fire risks in the housing of oil. 
filled supply transformers, modulation transformers and smoothing-
chokes. Such equipment must be accommodated separately from other 
transmitting equipment. • If the transformer chamber is built into the 
main building, entry must only be possible from outside, and the door 
must be normally kept locked, the key being in the possession of an 
authorized person. To prevent the possibility of burning oil escaping, 
there must be no direct connection between the chamber and other 

INCORRECT CORRE-

FIG. 9.—TRREE-PHASE AUTO-TRANSFORMER—THREE-WIRE SUPPLY, 
NEUTRAL REQUI,ME• 
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rooms, nor any interconnecting pipes conveying air, gas or water. 
Cable connections must be sealed where they pass through the wall. 
The chamber must be constructed of non-combustible materials and 

ventilated to the outer air independently of the rest of the building. 
Ample access must be provided for safe access to plant and for removing 
faulty units without disturbing other equipment. The accessories 
should include approved fire extinguishers or an automatic spraying 
system. 

Oil-drainage ducts should slope towards a sump in the chamber, 
which must in turn discharge outside the building. The sump should 
preferably not connect to the public drainage system, because of the 
risk of water " backing up" the drain and flooding the chamber during 
heavy rain. 

VOLTAGE AND FREQUENCY VARIATIONS OF SUPPLY 

Effects of Voltage Variation 

Voltage variation at the supply terminals results from the inherent 
regulation of the supply network associated with: 

(a) changing loads on the supply lines, independent of the 
transmitter load, or 

(b) the fluctuating load of the transmitter itself. 

Variation caused by (a) is slow and occasional, or may be characterized 
by a sudden rise or fall of voltage. This can be corrected by an auto-
matic induction regulator having a throughput rating sufficient to 
cover those parte of the equipment affected by the variation. In-
duction regulators are capable of reducing variations.up to ± 10 per 
cent to within ± 1 per cent, but they are slow acting and require from 
80 to 120 seconds to correct the full range of variation. 

Variations allied with the operation of the transmitter result chiefly 
from the load on the main rectifier fluctuating with signalling or modula-
tion, the auxiliary load remaining substantially constant. Simple 
telegraph transmitters are designed for on/off keying, which in effect 
switches on and off the anode current of the final amplifier. The load 
swings rapidly at the signalling speed between a maximum on " mark " 
and a minimum on " space " at periodic intervals of time ranging from 
to G cycles of a 50-cycle supply, depending on the signalling speed. 
The load of amplitude-modulated telephone, broadcast and television 

transmitters fluctuates irregularly, according to the degree and fre-
quency of modulation. At all modulation frequencies above the rectified 
A.C. ripple frequency the smoothing filter of the main rectifier is effective 
in smoothing out the peaks, so that the terminal voltage aslumes a 
steady met. a value corresponding to the average load. Heavy peaks of 
modulation at the lowest frequencies, however, may be reflected lea* to 
the terminals. The load of frequency modulated transmitters, on the 
other hand, is constant, since the radio frequency and not the amplitude 
varies under modulation. 
The automatic induction regulator is too slow in action to correct for 

fluctuations of this kind. Two alternative methods are available: 

(1) Load equalization. 
(2) Quick-acting flux-regulating transformers or thermionic 

voltage stabilizers. 
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Load equalization is applicable only to communication transmitters 
keyed by the on/off method. This method makes use of an absorption 
load incorporated in the transmitter, consisting of a D.C. amplifier 
controlled by keying, which completos a circuit across the H.T. supply 
on " space ". This circuit contains a resistance capable of dissipatmg 
an amount of power equal to the difference between the " mark " and 
" space " loads. 
Quick-acting flux-regulating transformers are connected in thé supply 

leads to apparatus which requires stabilizing, in the same way as a 
transformer, or may replace a transformer to serve the dual purpose of 
voltage regulation and transformation. These regulators are capable of 
correcting voltage variations within a fraction of One cycle of the supply 
frequency, and of maintaining the voltage constant to within ± 1 per 
cent or better with variations of ± 10 per cent or more. 

Alternatively, thermionic voltage stabilizers may be fitted in the out-
put circuits of small rectifiers to control the D.C. voltage. They are 
practically instantaneous in action, and will control the voltage to 
within ± 0-1 per cent, but they have the disadvantage of a relatively 
high inherent voltage drop. 

Voltage variations at the input of transformers and static rectifiers 
are repeated at the output. A.C. motor-generators and A.C. motor-
driven equipment, such as valve-cooling fans and water-circulating 
pumps are, for all practical purposes, insensitive to voltage variations. 
The speed of induction motors and synchronous motors is determined by 
the frequency, and remains nearly constant over a wide voltage range. 
The R.F. stability of crystal oscillators is very little affected by changes 
in the anode and filament voltages of. the associated valves, but the 
frequency of valve oscillators can vary widely with voltage changes. 

In order to meet certain performance specifications, it is often 
necessary to stabilize the whole A.C. input to broadcasting and television 
transmitters by installing an induction voltage regulator, but more 
usually it is sufficient to stabilize only the auxiliary equipment 
indicated in Table 4. 

TABLE 4.—AUXILIARY EQUIPMENT REQuinnio STABILIZATION 

Equipment Type of Voltage, Regulator 

Filament transformers 

Filament rectifiers 

Grid bias rectifiers . . . 
D.C. control motors for timed 

operations 

. Induction regulator or flux regu-
lating transformer 

Induction regulator or flux regu-
lating transformer 

Thermionic stabilizer 

Thermionic stabilizer 

Effects of Frequency Variation 

All inductive apparatus is, to some extent, affected by frequency 
variation. Assuming the applied voltage to remain constant, the 
current in an inductive circuit varies inversely as the frequency and in a 
capacitive circuit directly as the frequency. Induction regulators and 
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moving-coil regulators are responsive to frequency change, which 
degrades the voltage constancy. The speed and output voltage of A.C. 
motor-generators, rotary transformers and converters varies directly 
as the frequency. Rectifiers are substantially unaffected by normal 
variations of frequency. The R.F. constancy of crystal oscillators and 
valve oscillators is not impaired, provided the valve supplies are 
voltage stabilized. 

Viltage and Frequency Tolerances 

Under normal conditions voltage variations at the terminals of 
public supply system are not allowed to exceed ±6 per cent of the 
declared voltage. The maximum allowable frequency variation on 
time-controlled supply systems is ± 1 per cent. Performance specifica-
tions for transmitters vary so widely for different services, that voltage 
and frequency tolerances cannot be closely defiried to meet every case. 
The tolerancies given in Table 5 are useful as an approximate guide. 

TABLE 5.--VOLTAGE AND FREQUENCY TOLERANCES 

Apparatus 

Maximum. Maximum 
Permissible Permissible 

Voltage Frequency 
Variation Variation 
(°/o) (%) 

Main H.T. and grid-bias rectifiers . 
H.T., D.C. motor generators . . 
Filament heating transformers 
Filament heating rectifiers . . 
Crystal oscillators. (frequency con-

stancy 1 part in 10') . . 
Compensated valve oscillators ( fre-

quency constancy 4 parts in 10s). 
Motor-driven air fans, water pumps 
and controls . . . 

Automatic voltage regulators . 

± 6 ±1 
± 6 ±1 

± 1 
± • 2} 

± 6 ±1 

± 2 ±1 

± 6 ±1 
±10 ±1 

VOLTAGE REGULATORS 

Induction Voltage Regulators 

The induction regulator is a form of transformer, in which one 
winding can be moved with respect to the other to produce a variable 
secondary voltage. The primary or movable winding is wound on a 
rotor and connected across the line. The secondary is wound on a 
stator and connected in series with one line. 

Referring.to Fig. 10, current in the primary coil P produces a flux 
which links with the secondary S in a varying degree as the rotor is 
turned, and induces a voltage in it, which either adds to or subtracts 



5-14 RADIO AND TELEVISION REFERENCE BOOK 

-«—E2 

(ti) . (b) (C) 

POSITION 1 POSITION 2 
E2 MAXIMUM + E2 ZERO 

81+82 

POSITION 3 
E2 MAXIMUM 

FIG. 10.—SCHEMATIC DIAGRAM OF SINGLE-PHASE INDUCTION REGULATOR. 

from the line voltage. In position 1, Fig. 10 (a), most of the flux links 
with the secondary, and the induced voltage E, is a maximum. When 
the rotor is turned through 90' to position 2, Fig. 10 (b), none of the 
flux links with the secondary, and the induced voltage is zero. Rota-
tion through a further 90° to position 3, Fig. 10 (c), produces another 
voltage maximum, but of reversed phase. Thus, rotation through 180' 
varies the line voltage from a maximum value E, E2 to a minimum 
E, — Eq. The correct degree of rotation compensates for the rise or 
fall of line voltage. 

In the mid position the leakage flux and the reactance drop in the 
secondary would, in the ordinary way, be excessive. To overcome this, 
a short-circuited tertiary. winding T is wound on the rotor. The heavy 
current produced in the tertiary winding by linkage with the secondary 
largely annuls the flux producing it and reduces the reactance drop. 
When designed for automatic regulation, a voltage-discriminating 

relay, fitted with two pairs of contacts, controls the turning of the rotor 
shaft. Any rise or fall of line voltage causes one pair of contacts to close 
and starts a motor coupled by a worm drive to the rotor shaft, turning it 

either in a forward or reverse direction. 
Rotation continues nntil a position is 
reached which restores the line voltage 
to its normal value. At this point the 
contacts open and the motor is stopped. 

S D 0- The principle of the three-phase induc-
e. tion regulator is basically the same as 

O for the single-phase regulator. Fig. 11 
shows the simplified connections. The 
stator is wound with three windings 
connected in star formation across the 
lines, and the rotor with three windings 

STATOR ROTOR 

FIG. 11. — CONNECTIONS OF 

THREE-£GASE INDUCTION REGU• 
LAToic. 
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o 

FIG. 12.—SINGLE-PHASE AUTO-TRANSFORMER VOLTAGE REGULATOR. 

connected separately in series with tho lines. Rotation through 180° 
covers the full range from maximum buck to maximum boost. 

Auto-transformer Voltage Regulators 

Figs. 12 and 13 show two adaptations of the auto-transformer 
principle to automatic voltage regulation. In Fig. 12, A is the variable 
.portion of the winding which covers the range of voltage correction 
required. This winding is tapped at a largo number of points along its 
begth to give very small voltage increments. The tappings are brought 
out to a group of contacts, to which connection is made by a sliding 
brush, actuated by a reversing capacitor motor. B is the fixed portion 
of the winding, which is multi-layered on the.core in the conventional 
manner. Fig. 12 (a) and (b) show respectively the adjustments for 
maximum and minimum transformation ratios to give maximum boost 
and buck: 

Fig. 13 is a modified arrangement incorporating a small booster 
transformer, which is suitable for higher throughput powers. The 
voltage applied to the boosting primary P is varied by two brushes 
moving in opposite directions over contacts which select tappings on the 
main winding. With this arrangement the current in the brushes is 
determined by the turns ratio of the booster transformer, and is only a 
fraction of the load current. Tho voltage induced in the secondary 
winding is added to or subtracted from the line voltage according to the 
positions of the brushes, as shown in Fig. 13 (a) and (b), and confines the 
output voltage within the limits required. 
The control consists of a moving-coil voltmeter movement fitted with 

two pairs of contacts and fed by D.C. obtained from a metal rectifier 
connected across the A.C. output terminals. An important advantage 

(b) 

FIG. 13.—SINGLE-PlIASE AUTO-TRANSFORMER VOLTAGE REGULATOR WITH 
BoosTER TRANSFORNIER. 
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of this method is that the performance is unaffected by frequency varia-
tion. If the voltage rises or falls beyond specified limits, the appropriate 
contacts close a contactor circuit, -which actuates the control motor. 
Limit switches are fitted to prevent over-running of the brush 
mechanism. To eliminate contact chatter and hunting of the regulator, 
compensating resistances are incorporated in the relay circuit to hold 
the contacts closed until restoration of the voltage is complete. 

Thermionio Voltage Regulators 

Thermionic voltage regulators, when incorporated in the D.C. output 
circuits of rectifiers, correct for both variations of load and A.C. supply 
voltage. There are many circuit variations, but the basic feature 
common to all is a variable impedance regulating valve connected in 
series with the line. A typical circuit is shown in Fig. 14. • 
V1 is a low impedance regulating triode, capable of passing full-load 

current with a low voltage drop. V2 is a control pentode fed from the 
• line through a suitable voltage-

ae reducing resistance R1. When 
VI passes current, the voltage 
drop in the neon lamp N in series 

'I 1 with the cathode lead, biases the 
cathode positively with respect 
to the negative line. A tapping 

INPUT OUTPUT on a voltage divider R2 connected 
E R2 e E-au across the output terminals biases 

the control grid to a value less 
positive than the cathode, and 
therefore negatively with respect 
to it. A second tapping on the 
divider provides a suitable screen 
grid voltage. 
The principle of operation is as 

follows: A rise in line voltage 
makes the control grid of V2 more positive and causes the valve ta pass 
a larger current. The increased voltage drop in R1 reduces the anode 
voltage and biases the grid of the regulating valve V1 more negatively. 
This action is augmented by the fact that the resistance of a eon 
lamp falls with rise of voltage. As a consequence the current increases 
to a greater extent than it would with ets)hmic resistance of equal 
value. Provided R1 and R2 are suitably adjusted, the voltage change 
across valve V, largely compensates for the rise of line voltage. If the 
line voltage falls, the reverse action occurs. 

In practice 100 per cent regulation is never attained it, any voltage 
regulator. If e is the residual voltage variation applied to the control 
eircuit and a is the voltage gain of the circuit, the correction voltage 
opposed to the line voltage variation E will be ae, so that: 

FIG. 14.—D.C. THERMIONIC 
VOLTAGE STABILIZER. 

e -= E — ete 
.E/(1 + a) 
E a 

since a is always much greater than unity. 
Hence variations in he rectified output voltage, together with any 
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residual ripple voltage after smoothing are reduced to 1 /a of the original 
values. Gain factors of the order of 500 are commonly obtainable with 
well-designed circuits. 

ENGINE GENERATORS 

Mains Supply versus Generating Plant 

Power for a transmitting station is most economically obtained from 
a public supply syst yin. The chief arguments in favour of purchasing 
power as compared with generating at the station are : 

(1) It can be generated more efficiently and cheaply in bulk. 
(2) There are little or no capital and renewal costs or depreciation 

charges. 
(3) It eliminates the cost of shift and maintenance staff for 

generat inc plant. 
(4) Failure of supply is less probable and usually of shorter 

duration. 
-(5) Voltage and frequency stability are better. 
(6) Additional power for. future expansion of services is moro 

quickly and cheaply made available. 

There are, however, many sites where conditions render generating 
plant essential. Engine generators are installed : 

(1) At remote sites where it is either uneconomical or im-
practicable to extend power lines from a public supply system. 

(2) As a stand-by to the mains supply. 
;3) Where the public supply is unreliable, e.g., n small hydro-

electric source where the water supply may fail in the dry season. 

Diesel alternators are the most suitable for all but very low power 
requirements. They have a high thermal efficiency, are quick-starting 
and compact. Although Diesel alternators are made to give outputs as 
low as 1 kVA, for powers below 3 kVA petrol-engine alternators are a 
serious rival. 

Anti-vibration Precautions 

The performance of thermionic apparatus may suffer from the vibra-
tion produced by engine alternators. Cyclic impulsing of the engine is 
conducted through a solid foundation and transmitted some distance if 
the sub-soil is of a rocky nature. This trouble is sometimes accentuated 
by resonances occurring in parts of the building structur.e. Vibration 
must be reduced to a minimum, particularly when receivers are installed 
in the same building, by isolating the foundation from the surrounding 
soil. 

Fig. 15 shows the basic method of isolating a foundation. After ex 
cavating the soil, a concrete raft is laid, and the sides of the excavation 
are concreted to prevent water seeping through from the sub-soil. On 
this raft a 3-in, layer of resilient material, such as " Coresil" or 
Mascolite " is laid. The main- foundation block is then formed in 
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Flo. U.—METHOD or ISOLATING FOUNDATION BLOCK. 

shuttering on the isolating material, leaving a 3-in, air gap all round, 
between the block and the sides of the excavation. At floor level the 
air gap is closed by laying loose wood covers or steel plating. 
An alternative method, which is suitable for loads up to about 

12 tons and eliminates the necessity of preparing a special foundation, 
is to erect the machine on anti-vibration mountings. These mountings 
are made of steel and a spr-'%l grade of rubber, welded by a rubber-to-
metal process. They are Luited to the bedplate and the concrete 
foundation and spaced at suitable intervals, so as to share the load 
evenly and deflect equally. 
Yet another form of mounting depends for its resiliency on a stiff 

helical spring, damped for compression and elongation by- pads of 
resilient materiar. The spring and pads are housed in a circular mount 
equipped with fixing bolts and a tension-adjusting nut. 

Stabilisation o! Engine Alternators 

The voltage constancy of an engine alternator is governed by: 

(1) The voltage regulation of the alternator. 
(2) The speed/load variation of the engine. 
(3) The cyclic irregularity of the engine. 

Good voltage regulation demands special attention when the source 
of supply is an engine alternator. The percentage load variation on a 
small generator, is likely to be heavier than is normally encountered on 
a public supply system. Voltage drop due to regulation of the 
alternator and the fall of voltage with speed both increase with the load, 
and their effects are additive. 

Voltage and frequency vary directly as the speed of the alternator. 
The extent to which the engine speed varies with changes of load depends 
on the response time of the em me governor. The governor will correct 
the speed with sustained load changes, but its response is too slow to 
follow rapid changes due to signalling. Inertia of the machine, re-
inforced by the mass of the flywheel, tends to curb sudden changes, but 
cannot correct for a sustained change. Slow-acting automatic voltage 
regulators only partially compensate the voltage for rapid variations of 
load. Both the regulator and the governor take up some intermediate 
position corresponding to the average value of a swinging load. 
Thermionic voltage regulators exert effective control with both rapid 
and sustained changes, but since they have no control over the speed, 
transitory changes of frequency will always occur. 
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Automatic voltage regulators for stabilizing the voltage of alternators 
are designed to control the field excitation of the alternator or its 
exciter. They are classified according to the principles of operation as: 

(a) Rheostatic. 
(6) Vibrating contact. 
(c) Thermionic. 

Rheostatic Voltage Regulators 

One form of this type is shown in Fig. 16. The excitation control 
rheostat is wound with resistance wire, from which tappings are brought 
out at intervals along the winding to a group of contacts assembled 
closely together. The control circuit consists of a transformer T, and a 
bridge-connected rectifier B, fed from one phase of the alternator output, 
which energizes an electromagnet E. When the alternator voltage 
rises or falls, the armature of the electromagnet causes a contact arm A 
to move in either direction from its normal position across the contact 
studs and vary the amount of resistance in the exciter field circuit. 
Regulation of the excitation of the alternator restores the output voltage 
to its nominal value, and the regulating arm then moves back auto-
matically to its normal position. The relatively short travel of the arm 
ensures rapid correction of the voltage variation. 

Transformer T2 is introduced to damp the system and prevent 
hunting when the excitation voltage changes too rapidly. Its primary 
is connected across the output from the exciter. Under steady condi-
tions no e.m.f. appears in the secondary, but when a sharp variation 
occurs, a damping pulse of e.m.f. is induced in the secondary in 
opposition to the original surge. 
A variation of the rheostat type is the carbon pile regulator, which 

has a quicker response than the moving-contact type. A bank of thin 
carbon discs, assembled on an insulated frame, takes the place of a 
wire-wound element, but the control circuit is very similar. The disc 
assembly has the property of varying its resistance when subjected to 
pressure by the movement of a lever attached to the electromagnet. 

E 

16.—AUTOMATIC RHEOSTATIC VOLTAGE REGULATOR FOR CONTROL 
or ALTERNATOR. 
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In this type the total resistance is determined mainly by the number of 
contact surfaces and the pressure exerted between them rather than 
by I lie resistivity of the material. 

Vibrating Contact Regulators 

This type has largely given place to rheostatic and therroionic 
It depends for its action on the rapid opening and closing of a short-
circuit path across a fixed regulating resistance in series with the exciter 
field by a vibrating relay. The rato at which the short-circuit is made 
and broken and the duration of the short-circuit is controlled by the 
deviation of the alternator voltage, and determines the average exeita-
tion current of the alternator. 

Thermionie Regulators 

These regulators are highly sensitive and quick-acting, as they have no 
moving parts. Fig. 17 illustrates tho principle of the circuit. The 
exciter field current is derived from two gas-filled rectifying valves G 
connected in a full- wave rectifying circuit and a transformer T fed .from 
one phase of the line. A second rectifier R and transformer T2, also 
fed from tho-line, supply the D.C. control voltage. The rectified voltage 
is applied across diagonally opposite points A and B of a resistance 
bridge. Elements 1 and 3 in opposite arms aro fixed resistors with a 
low-temperature coeffic;.mt of resistance. The eomplemen ary ele-
ments 2 and 4 are special metal-filament lamps having a high positive 
temperature coefficient; that is, their resistance increases with increase 
of current. All four elements are adjusted to have, equal resistance 
%-alues when the supply voltage is normal. In this condition the bridge 
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is balanced and the voltage across C and D is zero. When the line 
voltage rises or falls, the change of current in tho bridge circuit upsets 
the balance, and a voltage exists across C and D, the polarity depending 
on whether the voltage rises or falls. The out-of-balance voltage is 
amplified and applied as a negative bias to the grids of the gas-filled 
rectifiers when the line voltage is high, and as a positive bias when the 
lino voltage is low. The corresponding reduction or increase in the 
excitation current restores the lino voltage approximately to its correct 
value. 

Cyclic Irregularity 

The cyclic rise and fall in speed associated with the non-uniform 
torque of a reciprocating engine is reflected in the electrical performance 
of the alternator. The extent to which the speed deviates from the 
nominal uniform value is defined by the coefficient of cyclic irregularity. 
This is the ratio of the maximum change in angular speed — 
during one engine cycle to the mean speed w. Its effect on the alternator 
is defined by the angular deviation. This is the displacement in electrical 
degrees of the rotor in either direction from the position it would occupy 
if the rotation were uniform. Although the use of a heavy flywheel 
largely curbs the disturbance, there is always some residual fluctuation 
of voltage and frequency. Since both voltage and frequency vary 
directly as the speed, and the speed fluctuates alternately above and 
below the mean value, it follows that. ifk is the coefficient of cyclic 
irregularity, the percentage voltage or frequency change from the mean 
value is equal to 100k/2. In terms of the angular deviation, it can be 
shown that 

f' 1.73 ed Af, per rent 

where k = coefficient of cyclic irregularity; 
ea = angular deviation in electrical degrees; 
f. = frequency of cyclic impulsing 

= no. of expansion strokes per rev. X revs./sec.) ; 
f., = mean frequency of alternator. 

It is noteworthy that, for a given supply frequency, the cyclic 
irregularity is reduced as the speed is increased. Since the number of 
pairs of alternator poles are reduced at high speeds, there is also a 
corresponding reduction in the angular deviation. 
Motors and motor-generators are little affected by cyclic irregularities 

of the supply. The inertia of the machine tends to maintain uniform 
rotation and smooths out the impulses. Transformers will pass on the 
disturbance, but its effect on filament-heating transformers can be 
neglected, because of the thermal lag of the filaments. Rectifiers will 
also pass the disturbance, but the smoothing filters will suppress fluctua-
tions at all frequencies except those lower than the ripple frequency of 
the rectifier. This can sometimes cause undesirable modulation of 
signals via the grid-bias rectifiers, but the modulation frequency is 
usually sub-sonic and passes unnoticed. 
Voltage fluctuations may be reduced by the use of quick-acting 

therrnionic voltage regulators, and if these are fitted, a maximum 
angular deviation of 2i° may be permitted. With slow-acting 
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regulators, a tolerance of 24° is satisfactory for a power supply to a 
C.W. telegraph transmitter, but a tolerance of 1° is to be recommended 
for a high-quality broadcast or television transmitter. 

AUTOMATIC GENERATING PLANT FOR UNATTENDED 
STATIONS 

V.H.F. repeater and other unattended stations must be safeguarded 
against service interruptions by failure of the power supply. Tn ensure 
continuity of supply, an automatic stand-by Diesel-alternator petrol-
driven alternator is installed when power is normally obtained from the 
mains. At sites where supply mains are not available, duplicate 
generating plants are installed, one set acting as a reserve to the other. 
Since the site is usually isolated, the plant must be capable of operating 
unattended for periods of four weeks or more. 
Small automatic plants are designed to start automatically from a 

6-volt or 12-volt battery; which is kept charged by a rectifier while the 
engine is running. A remote 'starting switch at the terminal station 
closes a contactor, which connects the battery to a starting motor. 
Provided the engine is stationary, the motor engages with the engine 
and disengages as soon as the engine fires. Under normal conditions, 
the engine, once started, continues to run until the starting switch is 
opened. 
Automatic voltage regulation is e3sential. Self-regulating alternators, 

designed to operate without the use of an automatic voltage regulator, 
are particularly suitable for unattended working. In these machines an 
automatic excitation winding built into the generator ensures a constant 
output voltage within ± 2i per cent on all loads. Once the hand. 
operated regulator is set for a given output voltage; no further adjust-
ment is needed. 
The controls and safeguards necessary for fully automatic and 

reliable working are: 

(1) Switching on and off the mains supply or starting and 
stopping the generating plant from the terminal station. 

(2) Local control of generating plant for testing, either on or off 

load. 
(3) Automatic disconnection of the load, starting of the reserve 

engine and delayed switching of the load to the reserve generator 
under any of the following faulty conditions: 

(a) Failure of mains supply or first engine. 
(b) Excessive deviation of voltage or frequency. 
(c) Abnormal rise of temperature of cooling water. 
(d) Abnormal fall of pressure of lubricating oil. 

(4) Automatic switching of load back to the mains supply and 
stopping the engine about 1 minute after the mains supply has been 
restored to normal. 

(5) Automatic voltage regulation. 
(6) Automatic replenishing of fuel oil in the service tank when 

oil falls to a pre-determined level. 
(7) Automatic control of ventilation in the engine room while the 

engine is running. 
(8) Automatic fire-extinguishing equipment. 



TRANSMITTER POWER PLANT 5--23 

Local and remote indication must be provided by red and green 
indicating lamps and/or audible warning of the following: 

(1) Maine or generator supply normal or defective. 
(2) Diesel-alternator on or off load. 
(3) Failure of engine to start. 
(4) Failure of oil or water. 
(5) Correct setting of switches for remote control. 

As a continuous check on efficient running, recording meters are 
fitted on the station switchboard to register the number of hours on load 
and the kilowatt-hours generated. 

SWITCHGEAR 

Types of Switchboard 

The great variety of purposes for which A.C. power is required at 
transmitting stations makes a low-voltage A.C. distribution switchboard 
a virtual necessity. Suitable types of switchboard for power supply 
and distribution are: 

(a) ironclad unit type; 
(b) flat front, unit assembly type; 
(c) flat front panel type. 

Ironclad boards are built up of standard ironclad switches or switch-
fuse boxes, busbar chambers and distribution fuse units mounted on an 
angle or channel steel frame, designed for floor or wall mounting. 
Additional units are easily fitted for future extension of the services. 
These boards are relatively low in cost. Although they lack the 
appearance and finish usually associated with radio equipment, this 
need not be regarded as a drawback if they aro installed separately. In 
the unit assembly type the 
units are manufactured to 
standard dimensions, the 
larger sizes being multiples of 
the smaller ones, and standard 
busbar boxes the same size as 
the largest switch unit. This 
allows any combination to .be 
arranged in a symmetrical 2X 
assembly by the addition of 
blanking panels, if necessary, 
as shown in Fig. 18. Units 
are withdrawable from the 
front- for servicing and quick 2x 
replacement of fuses. This 
type of board is compact, neat 
in appearance and is easily 
extended by adding standard WITHDRAWABLE I-4-- 2y 
units. PLUGS 

Panel-type boards are suit- FIG. 1 S.—ARRANGEMENT or UN/TB IN UNIT 
able for distribution, generator ASSEMBLY SWITCHBOARD. 
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supply and control, and a variety of other purposes where miscellaneous 
equipment has to be mounted. They consist of sheet steel or Sindanys 
panels bolted to a framework and fitted with expanded steel or sheet 
steel end screens. Provision is made for rear access by doors at either 
end, which are normally kept locked. 

Switchboard Equipment 

Thb equipment for low-voltage, three-phase distribution in a multiple 
transmitting station is relatively simple. Individual circuit-breakers 
are unnecessary for currents which do not exceed 600 amperes. Modern 
high-rupturing-capacity fuses have many of the merits of circuit-
breakers, and are much less costly. They have close discrimination, 
are capable of clearing the heaviest fault currents likely to be en-
countered, do not deterice-ate, and can be relied on for consistent per-
formance. The inverse time/current characteristic effuses is à valuable 
feature in preventing unnecessary interruptions due to occasional 
flash-over. 

Circuit-breakers have the advantage that they can be re-set instantly 
and adjusted for closer overload setting than H.R.C. fuses. Overload 
and no-volt coils are fitted as standard practice. Overload coils are 
usually shunted by time-lag fuses to prevent the breaker tripping on 
momentary overloads, such as flash-backs in the main rectifier. On a 
three-phase system with unearthed neutral two overload coils give 
sufficient protection, but three aro necessary for protection against earth 
faults if the neutral is earthed. If the distributien system is an ex-
tensive one, earth-leakage protection may also be included to provide 
closer discrimination on earth faults and ensure that the breaker will 
open before the leakage current attains a dangerously high value. 

4- in.- or 6-in.-scale meters are normally fitted, but 2+-in, scales are 
often more suitable for small wall panels, such as battery charging 
boards. Long-scale instruments can be read more accurately than 
ordinary sector scales, but the instrumental error is the same for both 
types. The movements of ammeters which indicate a fluctuating load 
should be well damped. Ammeters and wattmeters-should have full-
scale readings 30 per cent higher than the normal full load reading to 
allow ;or overload indication. Full-scale readings of voltmeters should 
be such thcit the ermal reading appears at the centre orthe scale. 
The following is the minimum equipment recommended for various 

purposes: 

(1) Three-phase Low-voltage Distribution (Exclusive of Supply 
Authorities Metering). 

(a) 3 ammeters or 1 ammeter with ammeter switch. 
:(,) 1 voltmeter with switch. 
(c) 1 frequency meter. 
(d) 1 power-factor meter (optional). 

. (e) Switch-fuse ways for each transmitter or main distributor. 

If the load on each phase is balanced, one ammeter is sufficient: 
if unbalanced, three are necessary. A frequency meter is not required 
when the frequency is time-controlled. Fig. 19 illustrates a typical 
simple distribution system. 



TRANSMITTER POWER PLANT 

MAINS EMERGENCY 
SUPPLY SUPPLY 

N CHANGEOVER N 

1 I t SWITCH 

ISOLATING PLUGS 

OIL CIRCUIT 
BREAKER WITH 
SHUNT TRIP 

CURRENT 
TRANSFORMER 

ISOLATING PLUGS 

VOLTMETER 
SWITCH 

tH-C3 

AMMETER 
SWITCH • 

r-   OIL AND 
EARTH LEAKAGE 

_J RELAY 

+ D C 

N 111 III  TTII ill ill Till 1111 

200A1 g 200A 100A 100A 00A 30A 30A 30A 
AVIATION 

OBSTRUCTION 
  SPARE DRIVES LIGHTS 

TRANSMITTER MONITORS STATION 
DISTRIBUTORS ETC. LIGHTING 

FIG. 19.—TreicAr. LOW•VOLTAGE DISTRIBUTION SWITCHBOARD FOR 
TRANSMITTERS. 

5-25 

H.R.0 
SWITCH-
FUSES 

(2) Single Engine Alternator-exciter. 

As ( 1), but with the following additions: 

(f) 1 excitation ammeter. 
(g) 1 integrating k1VH meter. 
(h) 1 oil circuit-breaker with OIL and N/V releases. 
(j) 1 set isolating links, if breaker is not the isolating type. 
(k) 1 alternator or exciter field regulator. 
(1) 1 automatic voltage regulator. 

If the load is balanced, a single-phase kIVII meter is fitted, and the 
readings are multiplied by three; if unbalanced, a polyphase meter ie 
necessary. This instrument enables the units generated to be logged 
against the fuel consumption. From these records the average fuel 
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consumption per unit generated, the efficiency and the generating costs 
can be computed. 

(3) Two or More Engine Alternator-exciters Run in Parallel 

(a) 
(b) 
(c) 
(d) 
(e) 
(1) 
(g) 
(h) 
(j) 
(k) 
(I) 

1 or 3 ammeters. 
1 voltmeter with switch. 
1 frequency meter. 
1 synchroscope. 
1 excitation ammeter. 
1 integrating kWH meter. 
1 power factor meter. 
1 oil circuit-breaker with 0/L and N/V releases. 
1 set isolating links. 
1 alternator or exciter field regulator. 
1 automatic voltage regulator. 

Items (e) to (1) are for each machine. 
The synchroscope is essential for paralleling, to indicate when the 

incoming machine has been run up to the same speed as the machines 
on load, and its e.rn.f. is exactly in phase with the busbar voltage. 
When these conditions are fulfilled, the incoming machine can be 
switched on to the busbars without disturbance to the busbar voltage 
or risk of damage to plant. The power-factor meters and kWH meters 
are necessary to avoid disturbance to the busbar voltage when de-
paralleling. To carry out this operation smoothly the outgoing machine 
should neither: (a) be supplying wattless current to the circuit, or 
take a leading wattless current from the other machines; nor (b) be 
delivering energy to the load or be motored by the other machines. 
The first condition is satisfied by adjusting the excitation of the out-
going machine to bring the power factor to unity: the second by 
reducing the motive power of the machine until it is just rotating at the 
speed of the other machines without generating, and observing when the 
disc of the kWH meter- just ceases to rotate. The outgoing machine 
can then be taken off the bars without disturbing the busbar voltage. 

VALVE COOLING EQUIPMENT 

Power Losses in Transmitters 

The electrical losses dissipated as heat in a transmitter, which have 
to be taken into account in determining the most suitable type of 
cooling system, aro made up predominantly of the valve anode losses. 
Filament heating may amount to as much as 70 per cent of the anode 
losses. Grid bias is derived from the driving power supplied by tile 
stage prectding the stage considered, and is relatively very small. A 
certain amount of heat is also generated by R.F. resistance in the coils 
and dielectric materials of the tuned circuits. For the purpose of 
estimating the cooling requirements, 'the total heat losses are equal to 
the difference between the average total power input and the average 
R.F. power output. 

It is convenient to consider the methods of cooling in common use 
under five headings: 



(a) Natural air cooling. 
(b) Assisted natural air cooling. 
(c) Forced air cooling. 
(d) Water cooling. 
(e) Vapour cooling. 

Natural and Assisted Air Cooling 

Natural cooling by air convection is satisfactory for low-power 
transmitters where the total losses do not exceed 500 watts. To assist 
convection, the back, sides and top of the cubicle or container are 
liberally louvred or perforated. When the heat dissipation exceeds 
this value, but does not exceed about 3 kW, it is desirable to augment 
the natural circulation by fitting an extractor fan in the top of the 
cubicle. Propeller-type fans can be used where the head losses do not 
exceed 2 in. of water column. The total amount of heat liberated in a 
small room housing several low-power transmitters may exceed the 
limit for comfort. If the ambient air temperature is high, external 
wail or roof-mounted ventilating fans should also be fitted. 

It requires an air displacement of approximately 3,100 eu. ft.frnin. 
per kW dissipated for a temperature rise of 1° F. Hence, if P is the 
total power loss in kW and the temperature rise of the air is not to 
exceed T° F., the air displacement in cu. ft./min. of an extractor or ventilating fan is given by 

Forced Air Cooling 

Air cooling is less efficient than water cooling where large amounts of 
heat are involved, but it has the following important advantages: 

(a) There are no R.F. and D.O. lossúb, as there are in water 
insulating columns.  

(6) The cost is lower and the circulatory system simpler. 
(e) Leakage and obstruction are less likely to occur. 
(d) Failure due to freezing is eliminated. 

The rate of flow is directly proportional to the losses, but varies widely 
with the type of valve, depending on the surface area of the cooling fins 
and the emissivity of the anode. For a given power P in kW released 
as heat, the theoretical flow in cu. ft/min. can be calculated from 

• Q 5.22 PrelTz 

where T, is the alivolute temperature of the incoming air °C. -4- 273) 
and T, is the temperature rise of air in °C. Normally, the temperature 
of the outgoing air is not allowed to exceed 180° C. The actual flow 
recommended by the valve manufacturer may be anything from 50 to 
150 cu. ft. /min. per kW dissipated. 

Intake and exhaust ducting usually have a large croas-sectional 
area to reduce air velocity and noise and keep the head losses as low 
as possible. This permits low-pressure, single-stage centrifugal fans 
to be employed. Single-stage fans are made for a wide range of duty, 
varying from.10 to 15,000 Cu. ft/min. at total pressures up to 15 in. w.g. 
The brake horse-power absorbed by a fan can be calculated from: 

B.FI.P. = Qh,/635077, 

Q = 3,100 PIT 
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FIG. 20.—FORCED-AIR COOLING SYSTEMS. 

where Q is the volume of flow in cu. ft/mm., hg the fan total pressure in 
in. w.g. and ni the fan total efficiency. ' The total efficiency of a fan 
varies from about 20 per cent for volumes of 100 cu. ft./min. to 75 per 
cent for 7,000 cu. ft/min. 

Fig. 20 (a) to (d) show schematically four common ,variations of the 
air.-ci”culating system. In (a) cool air is drawn from the transmitter 
room through glass wool or fabric filters built into the back panel of the 
transmitter by a centrifugal fan mounted inside the cabinet. Air 
discharged from the fan and ducted into funnels which accommodate 
the valves, and finally released through the tep of the transmitter. In 
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(b) an external extractor fan replaces the blowing fan and exhausts the 
heated air outside. Both methods are practicable with small volumes 
of air, when the intake velocity is less than, say 6 ft. /sec., and does not 
create excessive draught in the room. 

High-power transmitters are cooled by the methods outlined in 
Fig. 20 (c) and (d). With either method the cabinets or cubicles must 
be of airtight construction. In Fig. 20 (c) cool air is drawn from outside 
the building, filtered and conducted through a floor duct into valve 
funnels at the bases of the cubicles, and finally discharged through an 
upper duct to atmosphere. In (d) the air is filtered, drawn through an 
overhead duct and extracted through a floor duct, being finally ex-
hausted outside the building at low level. This method has the ad-
vantage that the pressure inside the cubicle is below atmospheric 
pressure, so that any inward leakage tends to assist cooling, whereas in 
(c) the pressure is above atmospheric pressure, and outward leakage 
tends to degrade the cooling efficiency and overheat the room. In 
practice, the overhead duct may be a vertical shaft terminated by a 
cowled roof intake or a louvred cupola. 

Air Ducts 

Galvanized sheet steel air ducts are often installed where noise is not 
important. Straight lengths of circular ose Xectangular cross-section 
with the necessary bends and transformation sections are fabricated to 
suit the particular requirements of the installation. Circular ducting 
of a given gauge will withstand a greater collapsing stress than 
rectangular ducts of equivalent cross-section. Rectangular ducts, on 
the other hand, are better adapted for connection to cubicles and in-
stalling in confined spaces. Ducts constructed of plywood, masonry 
or reinforced building board are better noise attenuators than metal 
ducts. 

Head losses in ducts are produced by air friction with the surfaces, 
eddying at bends and at suddsen changes cf cross-section. Fig. 21 shows 
graphically the head loss in straight, smooth galvanized steel ducts of 
circular cross-section against volume of flow. The head loss in ducts of 
rectangular section can be estimated by considering the duct to have an 
equivalent diameter. For ducts of the- size used with transmitters the 
equivalent diameter is approximately equal to the smaller side multiplied 
by a factor determined by the ratio of the sides, and given in Table 6. 

TABLE O.—EQUIVALENT DIAMETER or DUCTS or RECTANGULAR 
SECTION 

Ratio of sides . 1/1 1.5/1 2/1 3/1 4/1 

2-0 
Diametrical factor . 1.1 1.33 1.52 1.83 

Bends are treated as equivalent lengths of straight duct. Fig. 22 
shows the equivalent length in terms of the ratio of inner radius of 
bend to diameter of duct. To reduce turbulence, the inside radius 
should be at least equal to the diameter of the duct. 
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Noise In Air-cooling Systems 
The problem of noise abatement has a special interest for radio 

installations, where the noise level must be of a very low order. A rough 
criterion for a transmitting installation is that noise generated by an 
air-cooling system should not exceed the average level of background 
noise in the transmitting room, but in some cases monitoring facilities 
may necessitate an even lower level. 

Noise in an air-cooling system originates in several ways. The chief 
componente of system noise are mechanical and air noise produced in 
the fan and motor, noise inherent to the movement and pulsations of the 
air stream, vibration and drumming of ductwork caused by the presence 
of sharp obstructions, resonances, eddies and vibration transmitted 
from the fan or its mounting. 
Low-speed fans are lesa noisy than high-speed fans, but for the same 

duty the fan and motor are larger and more costly. To install a low-
speed fan is, however, not necessarily the best way of coping with the 
problem. High-speed fans produce most of their noise at high fre-
quencies, and it is well known that absorbent treatments are more 
efficient in attenuating noise of high frequency. Small fans are often 
built into the transmitter framework, but large fans are invariably 
installed in an adjoining room. Transmission of noise via the fan casing 
and foundation is eliminated by fitting a flexible joint between the dis-
charge opening and the delivery duct, and mounting the fan and motor 
on rubber feet or a resilient pad. 

Silent-running fans of similar construction to those designed for 
prgan blowing are eminently suitable for mounting in transmitter 
cubicles. The casings of these fans ar,3 lined with sound-absorbent 
material, and special attention is given to the balance of the motors 
and impellers and the design of the bearings to ensure smooth torque 
and freedom from vibration. 
Much improvement can be made by fatricating ducts of rigid sound 

absorbent material, such as Celotex, wood or hardboards sandwiched 
with slag wool, or by lining metal ducts with thin rubber sheet or other 
damping material. It is important that the inside surfaces should be 
smooth, since rough surfaces increase the pressure drop. 
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Noise attenuation varies directly as 
the length of duct and as the ratio of 
perimeter to cross-sectional area. A 
useful device for increasing the ratio 
without reducing the cross-sectional 

a I II I area is to sectionalize the duct by in-
serting thin partitions or " splitters," 
as shown in Fig. 23. The attenuation 
in decibels aChieved in this way can be 
expressed by 

a = 

where k is a constant depending on the 
absorption coefficient of the material 

Flo. 21—METHOD or REDUCING of the duct, 1 is the length of duct, p the 
NOISE BY DIVISION OF Ant DUCT, 

length of the perimeter and A the cross-
sectional area. For example, a square 

duet of sides a will have a perimeter/area ratio of 4a/A. The intro-
duction of two splitters extending the length of the duct will increase 
the ratio to 8a/A and double the attenuation. 

Water-cooling Systems 

The basic elements of a valve water-cooling system are a motor-driven 
centrifugal pump, an air blast or exchange water cooler, valve jackets 
with helical or spiral water-insulating columns to insulate the anode 
from earth, and electrical cut-outs, either thermally or flow operated, to 
safeguard the valves against failure of the circulation. A typical 
cooling system is shown in Fig. 24. 
The pump draws cold water from a closed storage tank through a 

foot valve and strainer, and distributes it through a pipe system and 
the inlet insulating columns to the valve jackets. Tangential entries in 
the jackets give the water a swirling motion round the anodes. After 
traversing the jackets, the heated water is discharged tangentially 
through the outlet insulating columns. It is then cooled by passage 
through the cooler and returned to the tank, in readiness for 
recirculation. 

In some systems the cooler is inserted in the circuit on the delivery 
side of the pump. The pressure drop round the circuit is analogous to 
the voltage drop in an electric circuit. Pressure is highest at the pump 
delivery, and falls progressively round the circuit, being finally reduced 
to zero as the water is returned to the tank. This system therefore 
relieves the pressure on the valve. jackets, gaskets and insulating 
columns, but it suffers from the disadvantage that the storage tank and 
the pump run hot. 
The capacity of the tank should be sufficient for at least 10 minutes 

circulation at the normal rate of flow, with reserve capacity for draining 
the system. It is advantageous to place the tank at a low level to permit 
the system to be completely drained into it, and the pump at the same 
level to avoid the necessity of priming. 

Valve-cooling water must be free from solids in solution or suspension. 
Mains water and water that has been softened precipitate hard lime and 
other deposits on the hot anodes, which is difficult to remove. These 
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deposits have low thermal conductivity, which causes the anodes to 
overheat and favours the formation of local hot spots. An overheated 
anode expels occluded gas and impairs the vacuum of the valve. For 
these reasons distilled water or filtered rain-water are used. 

If a largo surface area of water in exposed to the atmosphere or 
excessive turbulence or spraying is allowed to occur, air is dissolved. 
When the water is heated in a cooling system, air in solution is liberated 
and exerts a corrosive action on ferrous components, eausing the red 
and black oxides of ir'on to be deposited on the anodes and connecting 
pipes. Metallic oxides in suspension increase the leakage current, and 
the black oxide is particularly difficult to remove. To prevent aeration, 
a closed circulating system is used, and the water, after circulating, is 
returned to the storage tank with a minimum of turbulence. 

Electrolytic action with water which is usually slightly acid is another 
trouble to be avoided. The presence of zinc, zinc alloys or galvanized 
parts in contact with the water in the system cause insoluble zinc to be 
electrolytically deposited on the anodes. Pumps are fitted with gun. 
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metal impellers, and only the'outside surfaces of tanks are galvanized. 
Pipes are usually of copper and pipe fittings of brass. 
The rate of flow of water is proportional to the total power dissipated 

in the valve. If P is the total dissipation of kW and. T the permissible 
temperature rise in °C., the rate of flow in gal./min. â given by 

Q = 3.2P IT 

The temperature of the water in the jacket must not approach boiling 
point as the formation of steam bubbles causes unequal heating of the 
anodes. Normally the temperature of the outlet water is not allowed 
to exceed 65° C., with a maximum temperature rise across the jackets 
of 15° C. Heat is transferred more efficiently if the velocity is not too 
low, and in practice the mean velocity is never less than 2 ft. ¡sec. 
The pressure or equivalent head in feet to be provided by the pump 

is the sum of the velocity head and the static head. Velocity head is 
the dynamic head due to movement of the water column, which is 
absorbed in overcoming frictional losses and eddies in the pipes, bends, 
valves, strainers and sudden enlargements and contractions in the 
system. Static head is the lift above some datum level, for example the 
pump level, and includes the suction lift. 

Frictional-head losses vary directly as the length of pipe and as the 
(volume of flow)2. Fig. 25 shows the head loss in feet in circular smooth 
metal pipes when run full bore. It should be noted that in course of 
time the bore becomes encrusted with deposits which increase the head 
losses. To allow for this a suitable percentage should be added to the 
figures obtained from the graphs. Pipe fittings aro oonsidered as 
equivalent straight lengths of pipe, which aro obtained by „multiplying 
the head loss per foot run for straight pipes by the factors given in 
Table 7. Head losses in the cooler 2.nd valve jackets are usually 
specified by the maker. 

TABLE 7.—FRICTIONAL HEAD LOSSES IN COPPER W ATER-PIPE: 
FITTINGS 

Radiused bend . 
Right angle elbow . 
Gate valve, full open 
Non-return valve . 
Suction entry 
Strainer. : 

10 
30 
15 { Head loss per foot 
25 of straight pipes 
30 
35 , 

For a given flow, the diameters of pipes must be sufficient to ensure 
that the head losses in pipes and fittings do not exceed, say, 10 per cent 
of the total system losses. Excessive head losses entail the provision 
of pumps of increased delivery head and horse-power. 

Vapour Cooling 

The principle of vapour cooling was investigated as long ago as 1934, 
and was the subject of a joint patent (British Patent No. 432,891, 1935) 
by P. E. Privett and Marconi's Wireless Telegraph Co. Ltd. Although 
theoretical expectations were fully realized in those early experiments, 
further development work was temporarily suspended in favour of 
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forced-air cooling, which was then coming into vogue. It is only 
daring the last decade that the system has been successfully developed 
and applied by the Compagnie Française Thomson-flouston in France, 
and more recently in Brain and the U.S.A. 

It is a matter of common knowledge that when a liquid is vaporized 
heat is absorbed. The heat extracted does not raise the vapour tem-
perature, but is used in changing from the liquid to the vapour state, 
and remains latent until it is given up again during condensation. In a 
vapour-cooled valve water is allowed to circulate round the anode at a 
rate just to cause the water to boil. The steam produced is allowed to 
pass off freely into a condenser, from which the condensed. water is 
recirculated. Thus heat is coy ;.itiously absorbed and the anode is 
maintained at a constant tempe..tture. 
The latent heat of steam at 100° C. is 538 calories. By definition 

this is the quantity of heat required to convert 1 gm. of water into 
steam. Theoretically, if the condensed water were returned • to the 
valves at 100° C., it would require less than 4 gallon of water per hour 
to absorb the heat equivalent of each kilowatt dissipated, or less than 
3. per cent of the quantity required for water cooling. In practice, 
since extra water is required for safety, and a drop of temperature 
occurs during condensation and passage through pipework, the rate of 
flow is somewhat higher. 
Each pound of steam liberated carries the maximum quantity of heat 

possible, whereas with water cooling inefficient heat transfer necessitates 
a large excess of water, which reduces the already low temperature 
difference between the water and the cooling air. With high-power 
transmitters, the greater temperature difference of .the evaporative 
system makes it possible to use it effectively for the additional duty of 
space heating the station building. 
The anodes of vapour-cooled valves are specially constructed to 

prevent the formation of insulating air films and bubbles, which would 
otherwise produce hot spots and quickly cause serious damage to the 
anodes. For this purpose the surface of the anode is broken up by a 
series of radial projections, which present the appearance of co-axial 
sprocket wheels. 
The elements of a complete system are shown in Fig. 26. The valve 

is enclosed in a steam jacket, and water is circulated upwards and round 
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the anode. Steam is delivered.from the upper end to an air-cooled 
radiator, and the condensate is recirculated to the valve jacket. 
Vaporization generates the pressure necessary to stimulate circulation, 
so that separate water pumps are unnecessary. Since the pressure 
developed is proportional to the rate of vaporization, which in turn 
depends on the rate at which heat is being dissipated by the anode, 
the rate of flow is self-adjusting. For low powers up to about 5 kW the 
radiator is cooled by air convection, and the whole apparatus forms a self-
contained unit. For higher powers cooling is usually fan-assisted, and 
the cooling equipment is installed outside or on the roof of the station 
building. 

Advantages of Vapour Cooling 

Several advantages over conventional methods of cooling are claimed 
for the vapour cooling system:. 

(1) The process is more efficient. Compared vrith water cooling, 
- the rate of flow is much lower. This reduces water costs and makes 

it possible to use smaller bore pipework. 
(2) The higher resistance of the narrow water column and the 

better insulating properties of steam make it possible to employ 
a shorter length of insulating pipe. 

(3) The system is a closed one; and water lossls are negligible. 
Since the water is distilled in the cooling process, tap water need 
be added only occasionally to make good the losses which occur 
after the initial filling. 

(4) For equal duties, the system occupies a much smaller space 
than either an air- or water-cooling system. 

(5) It is safer than air or water cooling. Water flow and heat 
exchange are automatically controlled by the amount of power 
dissipated. Except for thermostatic cut-outs embodied in the 
valve jackets, flow safeguards are unnecessary. 

(6) Silent operation. As there are no large centrifugal fans, 
the problem of noise abatement does not arise. 

(7) There is no cleaning or renewal of clogged air filters, and 
the relatively small radiator needs less attention than the large 
air blast coolers required for water cooling. 
• 

ANODE POWER SUPPLY 

Anode Power Conversion 

The chief means of converting low-voltage A.C. to high-voltage 
D.C. for the supply of anode power are the high-voltage rectifier and 
the motor-generator. The development of high-voltage hot-cathode 
and cold-cathode mercury-arc bulbs has led to a general preference for 
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static rectifiers. •They are silent in operation, highly efficient, low in 
cost compared with rotary machines and the absence of moving parts 
simplifies maintenance. 
Anode power demands vary from less than 1 ampere at a few hundred 

volts for low-power transmitters to as much as 20 amperes at 15 kV for 
high-power work. Theiie diverse requirements are met by the use of 
three main types of rectifier: 

(1) Metal rectifiers for low-power transmitters. 
(2) Hot-cathode mercury-vapour rectifiers for low and medium 

power. 
(3) Cold-cathode mercury-arc rectifiers for high power. 

A detailed treatment of the principles and circuits of rectifiers may be 
found in Section 26. 
In radio technique the ripple voltage present in the rectified output 

must be reduced to a negligibly low value by the addition of smoothing 
filters, in order to prevent modulation of signals. Polyphase rectifica-
tion greatly reduces the residual ripple voltage and makes it possible to 
economize in filter componente. In practice three-phase, full-wave 
rectifiers are employed as far as possible. The degree of ripple voltage 
permissible in the D.C. output from a filter depends on the class of 
transmission. Maximum peak values of ripple voltage, expressed as a 
percentage of the D.C. voltage, which are commonly used as a basis of 
design are: 

Telegraphy . . . . 0.5 per cent 
Commercial telephony . . 0.1 per cent 
Broadcasting and television . 0.05 per cent 

It is usual with low- and medium-power transmitters for all the R.F. 
and A.F. amplifier stages to be fed from a common rectifier. The full 
voltage is applied to the final stage, and voltage-reducing resistances, 
incorporated in the transmitter, are connected in series with the in-
dividual anode supply leads to drop the voltage to the working values. 

There are, however, certain 
+10kV limitations to the use of series 

resistance. Unless the current 
taken by the earlier stages is 
small compared with the total 

5KV 30.5A p•oA current, the power lose and 
heat dissipated in the resist-
ance may be excessive. 

Consider, for example, a 
5kV • 10 kV • final amplifier taking 2 

o amperes at 10 kV and a pen-

42-5A 

PENULTIMATE 
AMPLIFIER 

FINAL 
AMPLIFIER 

ultimate stage taking 0.5 
ampere at 5 kV, as shown in 
Fig. 27. The loss in a series 
resistance in the penultimate 
stage will be 6 x 0.5 = 2.5 kW 
or 10 per cent of the total D.C. 

FIG. 27.—Powsk AMPLIFIERS FED BY A power. If this stage operates 
COMMON RECTIFIER, as aClass dœ: Class B amplifier, 
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t he anode voltage regulation may be seriously degraded. Assuming 
the current to vary from 0.5 ampere to zero, the anode voltage will 
swing from 5 to 10 kV. In telegraph transmitters keyed by the on/off 
method, this usually has no objectionable effects, but in low-level 
modulated transmitters it will produce amplitude distortion. The 
remedy in such cases is to feed the modulated amplifiers from a 
separate rectifier. In many high-power transmitters the main rectifier 
serves only the final power amplifier and the low-power stages are fed 
by one or more auxiliary rectifiers, as in Fig. 23. 

Regulation of Anode Power 

The facility of being able to regulate the anode voltage is useful for 
testing at low voltage, making initial adjustments and reducing the 
R.F. output of a transmitter. Induction regulators and moving-coil 
regulators provide the smoothest method of regulating the primary 
voltage. These appliances may be either hand-operated or motor-
operated by push buttons from a control desk. 
The principle of operation of these regulators is the same as for 

voltage regulators, but the range of control and the internal kVA is 
greater. Voltage regulators usually have a range of ± 10. per cent. 
A power regulator capable of controlling from full to quarter power 
would have a range of full to half voltage or 50 per cent. Induction and 
moving-coil regulators are rated by their internal k'VA, which is 
calculated as follows: 

Single-phase regulators (secondary current x max. boost 
voltage)/1,000-

Three-phase regulators 3(secondary current x max. boost 
voltage)/1,000. 
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A regulator designed to buck and boost about the mean voltage is 
rated for only half the internal kVA of one that bucks over the whole 
range. A fixed ratio auto-transformer preceding or combined with the 
regulator can be employed to step down the supply voltage by half the 
overall voltage range to reduce the size of the regulator. Alternatively, 
the regulator may be designed to buck and boost equally about the 
input voltage. This method eliminates the auto-transformer, but 
requires that the primary winding of the rectifier transformer must be 
wound or tapped for the maximum boost voltage. 

Step-by-step methods of control include auto-transformers with 
tapping :switches and tapping switches on the primary winding of the 
rectifier transformer. Either off-load or on-load selection may be used, 
but for testing and occasional reduction of power, on-load adjustments 
are unnecessary. 

GRID-BIAS SUPPLIES 

Methods ot Biasing 
There are three possible ways of providing biasing voltages for the 

control grids: 

(a) Cumulative grid biasing. 
(b) Self-biasing. 
(c) Bias rectifier. 

The cumulative grid method of biasing (Fig. 29) is confined to un-
modulated amplifiers, as it introduces distortion. Its action is too 
complex to admit of mathematical treatment here. In simple terms, 
if the charging and discharging effect of the capacitor C and the inter-
action of the anode circuit is neglected, the grid-cathode circuit behaves 
as a diode in the absence of a fixed biasing voltage. The D.C. com-
ponent of grid current is confined by the capacitor C to the path 
through the leak resistance R, and produces a voltage drop across it. 
Adopting the electronic convention that current flows from negative to 
positive, the direction of flow is such as to bias the grid negatively with 
respect to the cathode, by an amount determined by the product of 
current and resistance at any instant. 
The self-biasing method (Fig. 30) is restricted to very low-power 

transmitters. This method makes use of the well-known principle 

FIG. 29.—LICAICY GRID METHOD 
07 BIASING. 

FIG. 30.—CATHOD3 RESISTANCE 
BIASING. 
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RECTIFIER 

(a) GRID NEGATIVE BIAS (b) GRID POSITIVE BIAS 

FIG. .31.—G RID -BIAS RECTIFIER WITH VOLTA GE DIVIDER. 

adopted in receiver design, in which the biasing potential is obtained 
from the voltage drop produced by the D.C. component of anode current 
in a resistance connected in series with the cathode lead. 

Voltage Dividers 

The objection to applying the self-biasing principle to medium- and 
high-power transmitters is the power loss ale heat generated by the 
use of resistors. It is more usual to bias the power-amplifier stages by 
means of a common rectifier and tap the required voltages from a 
voltage divider. This method is satisfactory provided the grid current 
in the final stage does not fluctuate excessively, as for example in Class C 
amplifiers. Heavy fluctuations in current drawn from one tapping 
can be a source of interstage coupling, and in such cases it is sometimes 
necessary to obtain the bias voltage for the final stage from a separate 
rectifier. 
A voltage divider serves the dual purpose of a distributor and, to a 

limited extent, of a voltage regulator. The greater the ratio of the 
bleeder current in the divider to the total current tapped, the better is 
the regulation. Fig. 31 (a) and (b) show the directions of current flow 
for grid negative bias and grid positive bias respectively. It should be 
noted, however, that in Class A amplifiers the grid is never driven 
positive, and consequently no grid 'current flows. The resistance of 
each section is determined from the sectional voltage drops as follows: 

Let E, = full-load output voltage from rectifier; 
-- full-load output current from rectifier; 

/, /2 /3 --- indicated grid currents tapped from divider; 
E, E 3 tapped voltages on load; 

R, Re Fts = sectional resistances. 

• Then 

Resistor 

R, 
R, 
R, 

For Negative Bias For Positive Bias or 
H.T. Supply 

= 
= (E, — E,)/(I5 — 11) 

(E, — E1)1(1.0 — 11— Is) 

E,I1, 
= (E, — Ei)7(Io -11) 
= (E, — Es)1(19-1- Ii + Is) 
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Glow-gap Dividers 

When voltage stability of an exceptionally high order is necessary, 
wire-wound voltage dividers are replaced by special gas discharge tubes 
or glow-gap dividers, as shown in Fig. 32. These tubes have the 
additional merit that they compensate for both variations of load 
current and mains supply voltage, and remove to • great extent any 
residual ripple voltage. A constancy closer than 0-1 per cent is readily 
obtainable with variations of supply voltage up to 10 per cent. 
The tubes are filled with a mixture of neon and other pees at low 

pressure and contain a number of cup-shaped electrodes. When a 
voltage exceeding a certain critical value is applied, a discharge takes 
place. A gaseous discharge, unlike a metallic conductor, does not 
obey Ohm's law. Thè voltage drop across the discharge varies im-
perceptibly with change of current. Thus, a substantially constant 
voltage is maintained at the electrodes, regardless of the current tapped 
off. A resistance Rs is connected in series with one supply lead to 
limit the current and reduce the tube voltage when the tube strikes, to a 
value just sufficient to maintain the discharge and absorb the voltage 

variations. The total resist-
Rs + RI R2 RI ance in series, including the 

internal resistance of the ree-
1 tifier and the resistance of 

-••• 2 the smoothing choke, must 
be such, that the series volt-

3 age drop at the working cur-
4 rent is at least half the tube 

FIG. 32.—GRID-BIA-S RECTIFIER WITH drop. To maintain the igni-
tion, additional resistances 

R„ R3 are joined between 
each inner electrode and one of the outer leads to maintain the 
ignition. 
The overall efficiency of rectifiers fitted with gas discharge dividers is 

obviously low, because of the high resistance losses, but this is usually 
unimportant, since the losses are small compared with other transmitter 
. losses. 

RECTIFIER 

GLOW-04.P DIVIDER. 

FILAMENT HEATING 

Filament Heating Requirements 

Large transmitter valves have thick tungsten filaments, which are 
heated by low-voltage A.C. or D.C. The thickness, which determines 
the heating current and voltage, is a compromise between some minimum 
value which will give an adequate expectation of life and some 
maximum, above which the amount of heating power becomes un-
economical. Current and voltage requirements vary from about 
1 ampere at 6 volts for the smallest values to 430 amperes at 35 volts 
for the largest water-cooled types. 

A.C. heating by means of step-down transformers is more efficient 
than D.C., which involves conversion losses, but it introduces a certain 
amount of modulation of the emission current. This is due partly to 
deflection of the electron stream by the alternating magnetic field set up 
round the filament; partly to thermal variation at twice the A.C. 
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frequency; and partly to voltage variation between grid and filament 
and between anode and filament at the A.C. frequency. The last of 
these causes is easily eliminated by connecting the earthy end of the 
grid and anode circuits to a centre tap on the transformer heater winding 
or the centre point of a feed-equalizing resistor, as in Fig. 33. With 
indirectly heated valves the connection is made to the cathode, which 
has no direct connection with the heater. Modulation of the emission, 
in general, can be appreciably reduced by the use of negative feed-back 
circuits. 
The resistance of cold tungsten filaments is about 7 per cent of the 

resistance when heated. Consequently, they must be switched on 
gradually, in order to limit the heavy initial current and prevent 
damage or distortion of the filaments. Usually, the transitory starting 
current is not allowed to exceed 14 times the normal heating current. 
The time allowed for a filament to reach its full working temperature is 
directly proportional to its diameter, and for a filament 1 mm. diameter 
is about 30 seconds. 
The life expectation of a valve is 

adversely affected by excessive filament 
voltage, and valve- life guarantees are 

of 5 per cent may halve the life of a 
valve. Transmitters under constant 1 

given subject to close tolerances of 
the voltage. A continuous ovorvoltage 

supervision require close manual ad- — + — + 
justment and regular attention to G.B. • ti.T. 
avoid any sustained rise of voltage. 
In «Ms where the supply voltage is 
unstable or the transmitter is remotely 
controlled, a automatic voltage regu- T 
lator should be installed to stabilize 
the main supply voltage within ± 1 per 
cent. 

FM. 33.—CENTRE TAP FEED 
RETURN FOR ELIMINATING GRID-
CATHODE MODULATION BY A.C. 

Filament Switching 

The principle methods of switching A.C. heated filaments are: 

(a) Stepped or variable resistance in series with the transformer 
primary circuit (Fig. 34 (a)). 

(b) Star-delta switching (Fig. 34 (b)). 
(c) Tapping switch on the transformer primary winding (Fig. 

34 (c)). 
(d) Transformer with high leakage reactance. 

Resistance in series is switched either manually or automatically by 
means of delayed-action contactors. Star-delta switching is a two-step 
method confined to three - phase heating or two-phase heating with a 
Scott-connected transformer. Step 1 connects the windings in star 
formation and reduces the starting voltage to 1/V3 of the working 
value, but this can be further reduced to any desired value by adding 
resistance in series with the windings. The transformer tepping switch 
is essentially a manual method. On-load switching is quite practicable 
if close tappings giving very small voltage increments are used to pre-
vent overheating of the winding while the switch arm bridges the studs. 
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STEP 1 
STEP2 

3- PH 

(a)STEPPED RESISTANCE ( b) STAR-DELTA SWITCHING 

Fie. 34.-1%1E11101) OF S ['ARUN° 
A.C. HEATED FILAMENTS. 

X y z 

3- P H 
(C) TAPPING SWITCH 

High leakage reactance transformers, designed to have poor voltage 
regulation, are automatic in action. On first switching on, the heavy 
current rush due to the low load resistance of the cold filaments produces 
a largo voltage drop in the windings and limits the applied voltage to a 
daft, value. As the filament resistance increases with temperature, the 
transformer voltage rises to a steady working value. It is important 
to note that if a single transformer were used for two or more valves, 
the sudden reduction of the load following the-failure of one valve would 
cause the filament voltage to rise excessively on the others. For this 
reason, a separate transformer is necessary for each valve. 

D.C. Filament Heating 
D.C. heating insures complete immunity from undesirable modulation 

of the emission. Conversion from A.C. to low- voltage D.C. is most> 
efficiently carried out by means of metal rectifiers with step-down 
transformers or with D.C. motor-generators. For heating purposes the 
residual ripple after rectification is sufficiently 'small to make it possible 
to dispense with smoothing filters. 

Similar starting methods are employed with rectifiers as with A.C. 
heating, namely, stepped series resistance in the primary circuit, star. 
delta switching of the transformer primary windings or, a primary 
tapping switch. With motor-generators the voltage is raised slowly by 
means of the field regulator of the generator. 
The emission from a D.C.-heated filament is greatest at the negative 

end. In order to equalize the emission over a period of time and im-
prove the life of the filament, provision is made for reversing the 
polarity of the supply at regular intervals. When the filaments are 
heated by a rectifier, this ir accomplished by fitting a commutating 
switch or change-over links in the low-voltage output. When a motor. 
generator is employed it is usually more convenient to reverse the field 
excitation. 

W. E. P. 
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6. BROADCASTING TRANSMITTERS 

This first section describes the chief features of amplitude-modulated 
broadcasting transmitters for the medium-frequency band (300-3,000 
lie is) and the high-frequency band .(3-30 We); this accoiint also 
applies to transmitters operating in the frequency range 150-300 kepi. 

Information on frequency-modulated broadcasting transmitters for 
the very-high-frequency band is given in the second part of this section. 

Before discussing the design of the transmitters, 'we shall briefly review 
the principal features of amplitude modulation. 

Amplitude Modulation 
In this system of modulation the amplitude of a radio-frequency carrier 

is varied by the modulation signal, and is at all times directly propor-
tional to the instantaneous value of the modulating signal. Thus the 
carrier amplitude swings above and below its unmodulated value, as 
shown in Fig. 1. In this diagram the amplitude of the unmodulated 
carrier is represented by A and the peak variation in carrier amplitude 
due to modulation by a. The ratio of -IA is known as the modulation 
depth, and it is usually expressed as a penentage. The maximum 
value of the modulation depth is 100 per cent, which occurs when a = A; 
in these cor.ditions the carrier amplitude swings between zero and 2A. 
Any attempt to increase the modulation depth beyond this value resulta 
in distortion of the modulation envelope, the carrier being cut, i.e., 
reduced to zero amplitude for a period coinciding with the negative 
half-cycles of the modulating waveform signal. 
The expression for an amplitude-modulated wave is: 

(1 + K sin pt) sin cot 

where w is Irr x carrier frequency, p is 2ir x modulating frequency, 
and K is the modulation depth. 
On expansion this expression gives 

sin cut -F. -2- [cos (a, - p)t - cos (w p)t] 

The first of these terms represents the carrier wave, which is of constant 
amplitude even during modulation. The second and third terms repre-
sent signals known respectively as the upper and lower sidebands, and 
are present only during modulation. The sideband amplitudes are 
equal and directly proportional to K, the modulation depth. These 
sidebands are symmetrically disposed in frequency about the barrier 
value, and their displacement from it is equal to the modulating fre-
quency. For 100 per cent modulation (K = 1), the amplitude of the 
sidebands is equal to one-half that of the carrier. Each sideband thus 
has one-quarter the power of the carrier, and both sidebands together 
have one-half the power of the carrier. Thus to modulate a carrier 
100 per cent with a sinusoidal signal, the power which must be supplied 
by the modulating device must equal one-half that of the carrier. 

6-2 
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TIME 

Flu. I.—A CARRIER W AVE AMPLITUDE-MODULATED BY A 
SINUSOIDAL SIGNAL. 

Performance of Broadcasting Transmitters 

One of the principal requirements of a broadcasting transmitter is that 
the modulation waveform should be a faithful copy of the audio-
frequency signal supplied to the transmitter; accordingly, the design 
must be such that attenuation and harmonic distortion are kept at a low 
level. Efforts are made to keep the frequency response level within 
+ 1 db over the modulation frequency range of 50 c/s to 10 kc is and the 
total harmonic distortion to below 1 per cent for modulation depths up 
to 80 per cent. By careful design it is possible to keep within these 
tolerances even for a transmitter radiating 100 kW. It is very difficult, 
however, to keep harmonic distortion low for modulation depths ex-
ceeding approximately 80 per cent, and the harmonie content gonor ally 
increases sharply as the modulation depth approaches 100 per cent. 
The attainment of such a performance is made considerably imore 

difficult by the necessity for high efficiency. Modern transmitters 
radiate such large powers and operate for such a large proportion of each 
day that the utmost economy in operation is essential. The overall 
efficiencies obtained are surprisingly high, being of the order of 35 per 
cent; this should be compared with the efficiency of a receiver which 
rarely exceeds 10 per cent. 
Very great carrier-frequency stability is also required;. transmitters 

are allocated a particular frequency (known as a channel) in the wave-
band on which they operate, and deviations from this frequency must 
not exceed certain values. For medium-frequency transmitters, the 
deviations must not exceed 20 cis, and for high-frequency transmitters 
must not exceed 0.003 per cent of the carrier frequency. 
These are possibly the most noteworthy features of modern amplitude-

modulated transmitters, and the next few pages show how such a per-
formance is obtained. 

CLASSIFICATION OF AMPLIFIER TYPES 

The economy so essential in high-power transmitters is largely 
obtained by very careful choice of operating conditions for the high-power 
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stages. Thus, wherever possible, radio-frequency stages are operated 
in Class C, giving up to 80 per cent efficiency, and high-power audio-
frequency amplifiers and modulated radio-frequency amplifiers are 
operated in Class B, giving an average efficiency of approximately 
35 per cent. Class A operation is not used to any great extent because 
of its very low efficiency, although in some circuits such as series 
modulation it is essential. Before the transmitter circuits are con-
sidered in detail the chief properties of these three classes of valve 
operation will be briefly summarized. 

Class A Operation 
This is the type of amplification employed in most stages of audio-

frequency amplifiers, and it is also used in some stages of transmitters. 
The valve is biased to near the mid-point of the linear portion of the 

DYNAMIC 10-141 
CHARACTERISTIC 

TIME 

OUTPUT 
CURRENT 
WAVEFORM 

INPUT VOLTAGE 
WAVEFORM 

FIG. 2.—ILLUSTRATING CLASS A 
OPEBATION. 

1.--V„ characteristic as shown in Fig. 2. Such amplifiers are used in 
transmitter circuits for two reasons : 

(1) They introduce less distortion than Class B and Class C 
amplifiers, and are used in early radio-frequency and audio-fre-
quency stages where harmonic distortion must be kept low, and 
where efficiency is of no great importance. 

(2) The mean anode current of a Class A amplifier does not vary 
with amplitude variations of the input signal. There are certain 
stages of a transmitter, such as the modulator of a series-modulatiOn 
circuit, where constant-current operation is essential and Class A 
amplifiers are used. 

The objection to the use of Class A amplifiers elsewhere in trans-
mitters lies in their poor efficiency, which seldom exceeds 25 per cent 
for a single valve. This means that the power delivered to the external 
load is only 25 per cent of that drawn frofn the H.T. source, the remain-
ing 75 .-,er cent being dissipated as heat in the valve. • The power wasted 
as heat is thus three times that delivered to the load. Such an in-
efficient form of amplification would be very uneconomic and very in-
convenient to use in high-power stages, uneconomic because the H.T. 
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source must supply four times the power required in the output load, 
and inconvenient because of the large physical size the valve must have 
to dissipate safely the power generated inside it. Aitificial cooling is 
essential for high-power valves, and some of the methods adopted are 
described later. The more efficient an amplifier is made, the less is the 
power wasted as heat, and the smaller the valve can be. It is an 
interesting point that the power taken from the H.T. source does not 
change when the input signal is applied to a Class A stage, but the power 
lost as heat in the valve decreases by the amount supplied to the external 
load. In brief, the valve runs cooler when it is supplying a load; a 
Class B stage, on the other hand, runs hotter when it is working. 
The theoretical efficiency of a perfect valve as a Class A amplifier 

can be calculated in the following way. If the H.T. supply is V volte 
and the anode current I amperes, the power taken from the H.T. 
source is VI watts. If the valve is perfect, the anode current can be 

ANODE — CURRENT 
WAVE F ,DRM 

LOAD 
LINE 

DI C 1 
X i 8 

EXTENT OF ANODE /fi HT. VOLTAGE 
— POTENTIAL SWING 

Vo 

FIG. 3.—LIMITATION OP ANODE-POTENTIAL SWING BY GRID. 
CURRENT FLOW IN A CLASS A AMPLIFIER. 

swung, without causing distortion, between 0 and 2 x I amperes, and 
if the load value is correctly chosen the anode potential will swing at the 
same time from 2x V to 0 volts. Thus the peak value of the output 
current is I amperes, and that of the output voltage is V volts, giving 
the output power as x IV watts, 50 per cent of the power taken from 
the H.T. supply. 
• In practice, such high values of efficiency are never attained and, as 

suggested above, 25 per cent is a good efficiency for a single Class A 
amplifier; it is, however, possible to obtain higher efficiencies from 
push-pull Class A stages. 
The reason for the great disagreement between practical and 

theoretical efficiencies can be seen from Fig. 3, which shcws a set of 
characteristics for a triode and a load line A-B for a trans-

former-coupled load. The quiescent point is at 0, the ordinate through 
which intersects the V, axis at C, corresponding to the H.T. voltage. 
As shown, there is no very great difficulty in swinging the anode current 
between zero and twice the quiescent value E, but the lowest instan-
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4.—ILLUSTRATING CLASS B OPERATION. 

taneous anode potential reached is p, which represenbs an appreciabli 
positive value. The anode potential cannot be swung to zero withou 
making the grid appreciably positive with respect to the filament, an( 
such operation introduces considerable distortion. If the grid is kep 
negative with respect to the filament throughout the cycle of the inpu 
signal, the peak value of the anode-potential swing is limited to approxi 
mately one-half of the H.T. supply, and the efficiency is only one-hal 
of the theoretical maximum. 

Class B Operation 

The grid bias in a Class B amplifier is approximately equal to the 
cut-off bias (Fig. 4), and the input signal is great enough to cause con-
siderable grid current. Thus the valve takes zero or very little anode 
current in the absence of an input signal, and the mean current rises 
when the signal is applied. The power taken from the H.T. supply— 
and the power dissipated as heat in the valve—both increase when the 
input signal is applied, this behaviour contrasting with that of a Class A 
amplifier. 
The dynamic l,- V, characteristic of a single valve has, however, two 

regions of curvature which in practice cause distortion. The " bottom 
bend" near the point of anode-current cut-off is one sdch region, and 
the distortion caused by it is so serious that Class B amplifiers seldom, if 
ever, use a single valve. The effects of this curvature are to a large 
extent eliminated by using two valves in push-pull. The push-pull 
connection cancels even harmonics and results in a less-distorted out-
put waveform. This is illustrated in Pig. 5, which shows two 4-V, 
curves for the individual valves of a push-pull pair. The effective 
characteristic for the stage can be obtained by adding the ordinates of 
the two curves, and is illustrated by the dotted line. This " composite 
characteristic " is clearly a better approximation to the ideal than either 
of the individual curves. 
The second region of characteristic curvature, the " top bend ", 

occurs for positive grid voltages and is caused by grid current. This, 
in flowing through the resistance of the input-signal source, generates a 
voltage which opposes the input signal in polarity and reduces the 
effective input to the valve. Thus, as the grid is driven increasingly 
positive, the anode current falls more and more short of the expected 
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value and the non•linearity becomes more acute. In order to obtain 
high efficiency the anode potential must fall instantaneously almost to 
zero on positive peaks of the input signal. As shown in Fig. 3, this can 
only be achieved by driving the grid considerably positive with respect 
to the filament. Thus considerable grid current and the consequent 
" top bend" characteristic curvature are inevitable. This source of 
distortion is minimized in practice by arranging for the grid-signal 
source to be of low resistance so that the potential difference developed 
by grid current, in flo*ing through the source, is small compared with 
the signal amplitude. In general, the signal source resistance is made 
approximately I the instantaneous input resistance of the Class B 
amplifier for a peak-amplitude input signal. 
The fact that a Class B amplifier takes grid current implies, of course, 

that the previous amplifying stage, usually known as a driver stage, must 
supply appreciable power. 

Push-pull Class B stages of this type with low external grid-circuit 
resistance can be used successfully for amplification of audio-frequency 
or modulated radio-frequency signals. When used as a modulator stage 
in a high-power transmitter the small harmonic distortion introduced is 
further reduced by negative feedback. 
The theoretical maximum efficiency of a Class B amplifier can .be 

calculated in the following way. Suppose the two push-pull valves 
have linear 1.-V, characteristics and are biased precisely to cut-off, 
the H.T. supply being V volts. If the anode currents swing from zero to 
a peak value of I amperes and the anode potentials swing from V volts 
to zero, the output power is x IV watts. This is the total power 
obtained from the two valves, each valve contributing one-half of each 
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output sine wave. The mean anode current of each valve is I 
amperes, for the whole stage is 2 x I amperes, and the power delivered 
by the H.T. supply is 2 x IV watts. Thus the efficiency is given by 
/ V 
X = s./4 or 78.54 per cent. In deriving this figure it is aasumed 

9  2 x IP 
that the anode potential of each valve swings to zero volts. If this 
occurred in practice, the anode potential would momentarily be less 
than the grid potential, which is at its positive peak when the anode 
potential is at its negative peak. The input voltage is generally 
adjusted to give an anode potential swing equal to, say, 80 per cent of 
the H.T. voltage, this percentage being known as the voltage utiliza-
tion factor ". This reduction in anode swing causes an equal reduction 
in efficiency, which, for a " voltage utilization factor " of 80 per cent is 
thus 6.8 x 78.54 = 63 per cent. This is the efficiency for sinusoidal 
input signals of constant amplitude. For such signals, however, Class C 
amplification can be used to give higher èfficiencies, and Class B opera-
tion is generally used for audio-frequency and modulated radio-fre-
quency signals for which the amplitude is constantly varying, depending 
on the nature of the programme. 

If the valve characteristics were straight, the efficiency would be 
independent of the input signal, the mean anode current being always a 
constant fraction of the peak value. Because of the " bottom bend ", 
however, it is difficult to assess the precise value of grid potential at 
which the anode current is zero, and it is usual to operate the valves 
with a small standing anode current. For small inputs, therefore, the 
operating conditions approximate to those of a Class A amplifier and the 
efficiency is low. For larger inputs, the efficiency rises to a maximum 
of, say, 63 per cent as calculated above. In practice, the signal ampli-
tude varies, and the efficiency varies with it. The aVerage efficiency 
achieved over any given period depends on the fraction of the period 
which is occupied by large amplitude signals, and is thus again de-
pendent on the nature of the programme. A typical value for the 
average efficiency of a Class B amplifier is 35 per cent. 
The mean anode current varies with the magnitude of the input signal, 

but if the mean anode voltage falls appreciably as the anode current 
rises distortion will result. To keep the H.T. voltage constant, in spite 
of variations in anode current, the internal impedance of the H.T. 
source must be very low. One way of achieving this is by use of a 
mercury-arc rectifier with smoothing chokes and H.T. transformer 
secondaries of low resistance. 

Class C Operation 

The grid bias in a Class C stage is two or three times the cut-off bias 
(Fig. 6), and the input signal is large enough to give considerable grid 
current. The anode voltage utilization factor is approximately 80 
per cent. Anode current flows only during a fraction of each cycle 
of radio-frequency input, and the anode current waveform is not 
similar to that of the input signal, but consists of a series of pulses 
occurring at the rate of one per cycle of input signal. The anode load 
consists of a parallel L—C circuit resonant at the frequency of the input 
signal. The impedance of such an anode load is high at the resonance 
frequency but low at other frequencies. Thus the valve gives good 
amplification at the frequency of the input signal but little amplifica-
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FIG. 6.—ILLUS-TRATING CLASS C OPERATION. 

tion at harmonic frequencies, and the waveform generated across the 
L—C circuit is a good approximation to a sine wave, in spite of the 
pulsating form of the anode current. An amplifier of this type can have 
a very high efficiency, approaching 85 per cent for a constant-amplitude, 
sinusoidal input signal, and such amplifiers are used in all high-power 
stages of a transmitter, such as modulated amplifiers and previous 
amplifiers, where the input is of constant amplitude. Class C stages 
may be single-sided or push—pull, but high-power modulated amplifiers 
are usually push—pull. The use of push—pull increases efficiency slightly, 
and has the useful property of giving very little output at even har-
monics of the carrier frequency. Moreover, it is easier to cool two 
medium-sized valves than one large one. 

Class C amplifiers cannot be used for amplification of modulated 
radio-frequency signals. If such signals are applied to such a stage, the 
modulation envelope of the radio-frequency output generated across the 
anode L—C circuit is distorted; in fact, there are gaps in the output 
(i.e., periods of zero signal) corresponding to periods of deep modulation 
of the input signal. The reason is that a Class C stage cannot respond 
to signals whose amplitude is ingufficient to overcome the static bias and, 
when the input amplitude falls instantaneously to below this value (as 
it does during deep modulation) the valve momentarily loses its input. 
We shall now consider the applications of these types of amplifier hi 

the various stages of broadcasting transmitters, beginning with the 
generation of the carrier. 

CARRIER SOURCES 

Medium-frequency transmitters are generally used to radiate pro-
grammes within an area immediately surrounding the transmitter, and 
are usually required to operate on a particular carrier frequency for 
very long periods, possibly of several years. High-frequency trans-
mitters, on the other hand, are usually employed to radiate programmes 
to distant areas, possibly on the opposite side of the earth, and, in order 
to give reliable reception throughout a period of many hours, it is 
necessary to make changes in carrier frequency possibly as frequently 
as several time per day. To meet these different requirements, two 
types of carrier source are required. One type, used with medium-
frequency transmitters, gives exceedingly high stability but is not 
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specifically designed to facilitate rapid changes in frequency. The 
other type is designed for use with high-frequency transmitters, and 
can quickly be reset to any frequency required; the frequency stability, 
though high, need not be of the exacting standard necessary in medium-
frequency transmitters. 

1. Carrier Sources for Medium-frequency Transmitters 

Medium-frequency carrier sources contain a master oscillator, the 
frequency of which is controlled by a crystal. Certain crystals,•notably 
those of quartz, tourmaline and Rochelle salt, exhibit piezo-electric 
properties; this is to say they undergo mechanical deformation if an 
electric potential is applied between opposite, faces of a thin slab of 
the material. Conversely, they develop e.m.f.s when mechanically 
deformed, and, at the frequency of mechanical resonance, the electrical 
impedance measured between electrodes in contact with opposite faces, 
is similar to that of an L-C circuit with a Q-value which may be 100 
times that obtainable from conventional inductors and capacitors. A 
high Q-value is an essential requirement in the frequency-determining 
element of an oscillator of high stability, and such crystals are clearly 
well suited to the needs 'if master oscillators. 
The natural resonance of a crystal is inversely proportional to its 

thickness, and thus crystals can be ground to give resonance at any 
desired frequency within a certain range. The thickness of a crystal 
varies in general with its temperature, and the resonance frequency is 
thus frequency-dependent. To achieve the highest stgbility the crystal 
is usually mounted within a thermostatically controlled oven. The 
temperature of the , ven is controlled within e narrow range, and the 
oven is usually fitted with an alarm device giving audible or visible 
indication if the temperature sviates by more than a predetermined 
amount from the normal value. 
A simplified schematic diagram of a carrier source is given in Fig. 7. 

The master oscillator, which may contain more than one valve, is 
followed by a buffer stage which is included to isolate the oscillator from 
the following equipment to make the oscillator frequency independent of 
any variations in the value of the load connected to the carrier source. 
The carrier source also includes an A.G.C. system which is included for a 
number of reasons. In addition to stabilizing the output level of the 
/carrier source, it keeps the oscillation amplitude at a value low enough 
to compel the oscillator valve(s) to operate in Class A conditions. 
This gives better frequency stability than if the valve is allowed to 
develop a large amplitude which would necessitate grid-current flow. 
It also ensures that the waveform generated has a very small harmonic 
content and is a good approximation to a sine wave. 

Crystals can be ground to give resonance at any frequency in the 
medium-frequency range, and in most medium-frequency transmitters 
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the master oscillator can be connected directly to the radio-frequency 
circuits of the transmitter. There is no need, and indeed it would be 
practically impossible, to grind crystals to resonate precisely at a desired 
frequency. The frequency of the crystal-controlled oscillator, can be 
adjusted within a vary small range about the resonance value of the 
crystal by means of a small variable capacitor connected in series with 
the crystal in the master-oscillator circuit. 
Moro detailed information on quartz oscillators will be found in 

Section 44. 
Although transmitters operating at frequencies within the range 

160-300 kc/s could also be controlled by. a crystal-controlled master 
oscillator operating at carrier frequency, it is sometimes preferred to use 
a master oscillator at a higher frequency, in the region of 1 Mc Is, the 
carrier frequency being derived from this by means of a frequency 
divider. 

Frequency Dividen 

There are many types of frequency divider, and the block schematic 
diagram of one type of frequency di- ider used in transmitter equipment 
is shown in Fig. 8. The input to this divider is obtained from a master 
oscillator and has a frequency of nf, the divider output, which is used 
to feed the transmitter radio-frequency circuits, having a frequency off. 
Tho factor by which the frequency is divided is thus n. The divider 
includes a modulator, one input to which is the frequency nf. The 
second input has a frequency of (n — 1)f and is obtained from a fre-
quency multiplier (giving a multiplication factor of n — 1), which is 
fed from the divider output. (Details of frequency multipliers are given 
later.) The modulator produces two outputs; one at a frequency equal 
to the difference between the frequencies of the two inputs. The other 
has a frequency equal to the sum of those of the two inputs. The 
difference frequency is given by nf — (n — 1)f = f. The sum fre-
quency is given by (n Df nf = (2m — 1)f, which is far removed 
from f and can be rejected by use of an output filter tuned to f. 
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The modulator may be a ring type comprising four rectifiers as shown 
in Fig. 9. This is a balanced modulator, and e.m.f.s. applied between 
points A and B, the centre taps of the windings, do not appear in the 
output of the modulator. Nevertheless, when such an e.m.f. makes 
point A positive with respect to point B, rectifiers D1 and D2 conduct, 
allowing the input signals to reach the output. When point A is made 
negative with respect to B, rectifiers D3 and D4 conduct, again allowing 
the input signal to reach the output, but this time in reversed phase. 
When, as in a divider, the e.m.f. applied to A and B is itself sinusoidal, 
the input signal is reversed at the frequency of the multiplier output. 
This is an example of " commutator " modulation, and two of the 
products are signals at sum and difference frequencies as mentioned 
above. 
The short-term stability of carrier sources employing a thermo-

statically controlled crystal is of the order of 1 part in 107, implying that 
the variations of a carrier at i Mcis is ± 01 cis, very much smaller than 
the 20 c/s mentioned above. 

2. Carrier Sources for High-frequency Transmitters 

If a high-frequency transmitter is required to operate on•a single-
carrier frequency only, the master oscillator can be controlled by a 
crystal as already described. However, for broadcasting purposes, it 
is not generally considered practical to use a crystal with a resonance 
frequency much higher than approximately 3 Mc /s, mainly because of 
the mechanical fragility of the crystal, which would need to be very thin 
to operate at higher frequencies. This difficulty is avoided by use of a 
master oscillator which operates at a frequency much lower than that of 
the transmitter. The crystal is ground to a submultiple of the carrier 
frequency, and the master oscillator is used to drive frequency multi-
pliers, the output of which is fed to the transmitter radio-frequency 
circuits. For example, a transmitter to operate on 15-26 Ws could 
employ a crystal-controlled master oscillator at 954 kc/s, these fre-
quencies having a ratio of 16: 1. 

If, however, a high-frequency transmitter is used to maintain a 24-
hour service to a distr.nt point, the carrier frequency must be changed at 
intervals. In general, each change in frequency necessitates a change of 
crystal and a change of multiplier ratio. At a site containing a number 
of high-frequency transmitters, each maintaining a service to a different 
part of the world, the total number of crystals required is very large. 
The need for crystals can be avoided, however, by use of high-Q L-C 
circuits and, provided precautions are taken, the stability of a carrier 
source employing an L-C circuit is adequate. L-C circuits are more 
flexible than crystals in that their resonance frequency caii readily be 
changed over a wide range. 

For satisfactory results using an L-C circuit as the frequency-
stabilizing element, great attention must be paid to the construction of 
the inductor and capacitor, and both must be situated within a thermo-
statically controlled oven. To enable the variable capacitor to be 
adjusted to a given frequency a slow-motion drive is essential, and it 
must be free of backlash to permit a given frequency to be reset with 
accuracy. In general, the e,arrier frequency is derived from the output 
of the oscillator L-C by means of frequency multipliers. 
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Frequency Multipliers 

The simplest type of frequency multiplier consists of a Class C anipli-
fying stage such as that shown in Fig. 10. The input has a frequency f, 
and the output nf, where n is an integer which in practice may have any 
value up to 5. The input-signal amplitude is considerably larger than 
the grid base of the amplifier, and the 4-V, characteristic of the 
amplifier is non-linear. The anode current of the valve consists of a 
succession of pulses which contain in addition to a component at the 
frequency of the input signal other components (harmonics) at fre-
quencies which are multiples of that of the input signal. The required 
component is selected by tuning the output circuit L,C, to the frequency 
of that component. The grid base of the amplifier can be made very 
small (to give efficient generation of harmonics) by using a pentode valve 
with a very low value of screen-grid potential. 

In general, the amplitude of the harmonica decreases as the order 
increases, and there may be insufficient amplitude at, say, the tenth 
harmonic, to give adequate output. Moreover, the selectivity necessary 
to select the tenth harmonic but reject the ninth and eleventh may 
necessitate an impractically-high Q-value in Lie,. Thus the multiplica-
tion factor is generally limited to 5 or less, and higher factors are 
achieved by use of two or more multiplying stages in cascade. Thus a 
multiplication by 12 18 obtained by use of multipliers with factors of 3 
and 4. 

TRANSMITTER RADIO-FREQUENCY STAGES 

The power output of the carrier source is usually of the order of a few 
watts, and this is raised by subsequent radio frequency amplifiers in the 
transmitter proper to the value required in the aerial. The valves used 
in the carrier source, multipliers and dividers are generally small 
receiving types and, because of their low anode dissipation, no pre-
cautions are taken to secure economy in operation. In the succeeding 
radio-frequency stages, however, the valves are progressively larger as 
the power to be handled increases, and economy of operation becomes 
essential. Wherever possible, therefore, the valves are operated in 
Class C conditions, for which, under favourable conditions, 80 per cent 
of the power supplied to the anode from the H.T. source can be con-
verted into useful power. The sequence of valves constituting the 
radio-frequency amplifier are power amplifiers and not voltage amplifiers 
as in the early stage of audio amplifiers; each valve has to supply the 
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power necessary to drive grid current through the following stage. 
Early radio-frequency stages commonly employ tetrodes or pentodes, 
but later stages, particularly where the anode power exceeds approxi-
mately 500 watts, usually consist of triodes. To avoid instability, 
triode radio-frequency amplifiers are neutralized (as explained later), 
but their efficiency, under Class C conditions, is as high as that of 
pentodes, and their use avoids the difficulty of cooling the screen grid 
experienced with high-power pentodes. 

Valve Cooling . 

The cooling of high-power valves raises a number of problems. Small 
valves dissipating up to approximately 500 watts do not, in general, 
require artificial cooling. If the construction of the transmitter is such 
that the air heated by the valve can readily escape by flowing upwards, 
and if cold air can flow in uqderneath the valve, the natural vertical 
flow of air over the valve envelope is sufficient to cool it adequately. 

Larger valves handling power up to approximately 5 kW are artificially 
cooled by blowing a blast of cold air over the envelopes and, to make the 
cooling efficient, the air comes into direct contact with the anode whiqh 
is arranged to form part of the envelope, glass parts of the envelope being 
joined to the metal anode by an air-tight seal. As a further aid to 
cooling, the anode is fitted with fins to give it a large surface area. 

Valves dissipating power in excess of approximately 10 kW, such as 
those used in the final stages of high-power transmitters, usually require 
water-cooling in addition to air-blast cooling: in such valves the anode 
is constructed in the form of a water jacket through which cold water is 
circulated, the inner wall of the jacket forming part of the valve 
envelope. The cooling water comes into electrical contact with the 
anode and, since the latter may have a potential of up to 10 kV, pre-
cautions are taken to minimize radio-frequency power loss and H.T. 
leak through the resistance of the water path between abode and earth. 
Both losses can be reduced to negligible proportions by purifying the 
water (to increase its resistance) and by arranging that the length of the 
water path between anode and earth is very long. The latter is achieved 
by using long rubber or plastic hose-pipes to lead the water to and from 
the water jacket, the hoses being coiled up to conserve space. Water-
cooled valves are also air-blast cooled, the air being directed against 
the sides of the glass envelope and in particular at the points where the 
filament leads pass through the glass walls. 
The modern tendency in broadcasting transmitter design is to dispense 

with water cooling aod to use air- blast cooling only. This is feasible, 
even for a high-power transmitter, if the high-power stages employ 
several relatively small valves instead of a few large ones. By this 
means the effective cooling surface is considerably enlarged and the 
air-blast cooling made more efficient. For medium-frequency trans-
mitters each large valve can be simulated by a number of small valves in 
parallel. Such an arrangement leads to large input and output capaci-
tances, however, and in a high-frequency transmitter it is difficult 
to secure high enough anode loads for satisfactory operation. In sr, h 
transmitters, therefore, the tendency is to use push-pull circuit or 
inverted amplifiers, both of which lead to lower input and output 
capacitances. 
Two circuit diagrams of transmitter radio-frequency stages are given 
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in Figs. 11 and 12. Fig. 11 shows a low-power stage employing a 
tetrode and, except for the directly-heated filament, is very similar to 
the type of radio -frequency amplifier used in receivers. The two 
resistors R, and R, are equal and have the effect of providing an 
artificial centre-tap of the filament for the H.T. negative connection. 
The resistors commonly have a value equal to five times the filament 
resistance (when hot). This circuit technique is extensively used in 
transmitters, and such resistors are indicated in most of the circuit 
diagrams of this section. 

Neutralizing 

Fig. 12 shows the circuit of a high-power stage using a triode. The 
anode-grid capacitance of triodes varies from approiimately 2 pF in a 
small receiving type valve to 50 pF for a large transmitting valve; any 
value in this range is sufficient to cause instability at medium and high 
frequencies when the anode and grid circuits are tuned to approximately 
the same frequency. This tendency is eliminated in transmitter radio-
fre9uency amplifiers by arranging the circuit in a balanced form in 
which the feedback from anode to grid via the anode-grid capacitance 
is counterbalanced (neutralized) by feedback to the grid of a voltage in 
anti-phase to the anode potential. The anti-phase voltage is obtained, 
as shown in Fig. 12, from the L-C circuit, which is connected to the 
anode and is effectively earthed at the point where the H.T. is intro-
duced. The amplitude of the anti-phase voltage fed back to the grid is 
critical, and is adjustable by the capacitor C.. The correct setting for 
0„ is found by experiment in the following manner. The H.T. is 
removed from the stage to be neutralized, the radio-frequency input to 
the valve from the previous stage being still present, and a lamp or some 
other radio-frequency-indicating device is clipped across some of the 
conductors of the coil Lt. When neutralizing is not perfect, some 
radio-frequency power is transferred to L,-C, from L1-C, via the 
anode-grid capacitance or the neutralizing capacitor, and the lamp or 
meter registers the presence of power. The neutralizing capacitor is 
adjusted to give minimum radio-frequency power in the anode circuit. 
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9 

FIG. 13.—CIRCUIT OF FIG. 12 REDRAWN 
AS A BRIDGE CIRCUIT. 

The circuit of Fig. 12 can be redrawn as a bridge circuit as shown in 
Fig. 13. When C„ is aroperly adjusted, signals applied to the grid (V,) 
do not appear acros. C2, i.e., there is no transfer of power from grid to 
anode circuits. If the coupling between L, and L, were perfect,, the 
value of C„ for balance would be independent of frequency. In practice, 
however, the coupling is not perfect, and the neutralizing capacitor must 
be reset after any change in carrier frequency. 
The value of neutralizing capacitance necessary to prevent instability 

depends on the position of the H.T. tapping point on the anode tuning 
inductor, increasing as the tapping point is moved away from the anode. 
In a radio-frequency stage using a relatively small triode, the position 
of the tapping point is usually so chosen that the neutralizing 
capacitance is at least several times the anode-grid capacitance of the 
valve. In this way a neutralizing capacitor of a reasonably large 
capacitance is required. In larger valves, however, where the anode-grid 
capacitance is of the order of 50 pF, the neutralizing capacitance can be 
equal to it. This requires the H.T. tapping point to be at the centre of 
the inductor, a requirement also necessitated by the use of push-pull 
radio-frequency amplification. 
The use of neutralizing has a subsidiary benefit in high-frequency 

transmitters, namely that it reduces the effective input capacitance of 
the triode. 

(*.rid Bias 

The grid bias for the radio- frequency amplifier in Fig. 12 is derived 
from two sources. Part is obtained from a D.C. source, usually a 
generatof, and the remainder is obtained from grid-cdrrent flow. The 
valve behaves to some extent as a grid-leak detector, and on the peaks 
of large positive-going signals takes grid current which, in flowing 
through C3, harges it, the resulting potential between the plates biasing 
the grid negatively. During negative half-cycles the capacitor C3 
discharges into the resistor R„ but C3 is charged again on subsequent 
p.,sitive half-cycles. Provided the time constant Re,* is large com-
pared with the period of the radio-frequency input, the voltage across C3 
does not vary very greatly during the cycle, and the capacitor can be 
regarded as a source of relatively constant negative bias for the valve. 
The voltage of the bias so obtained is dependent on the amplitude of the 

• The value of the time constant RA is more critical in an amplifier of 
modulated radio-frequency. Here it must be small compared with the period 
of the highest audio-frequency in addition to being large compared with the 
smallest radio-frequency, the condition which is also required of the com-
ponents in a diode detector. 
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radio-frequency input to the valve, and if the drive falls the negative 
bias also falls. In this way the amplitude of the radio-frequency output 
from the valve is rendered more independent of variations in input than 
if fixed bias only were used. 

Some fixed negative bias is, however, essential in addition to the 
bias derived from the grid current. If all the bias were obtained from 
grid current, and if the radio-frequency input to the valve failed, the 
valve would be without bias and an abnormally high anode current 
would flow. Such a large current is likely to impair the emission of the 
valve, and this possibility is avoided in high-power stages by arranging 
to have fixed bias approximately equal to the cut-off value for the valve 
to be present all the time. 

Push-Pull Radio-frequency Amplifiers 

Transmitter radio-frequency amplifiers are frequently of push-pull 
type, and a typical circuit diagram of a high power push-pull radio-
frequency amplifier is given in Fig. 14. Push-pull is used for a number 
of reasons, some of which have already been mentioned. It gives a 
slight increase in efficiency and cancels even harmonics of the carrier 
frequency. The suppression of carrier harmonics generated in the 
radio-frequency amplifiers of a transmitter is very important, and there 
are international obligations to keep the harmonic content below a 
certain value. Some suppression is achieved by filters at the output 
stage, but the use of push-pull materially helps in this respect. It is 
essential to operate Class B amplifiers of modulated radio-frequency in 
push-pull to minimize envelope distortion. Push-pull is adopted in 
high-frequency transmitters, in preference to parallel operation, to 
reduce the capacitance thrown across tuning inductors, a low capacitance 
being essential to give high-anode-load values. 

Inverted Radio-frequency Amplifiers 

Because of the large physical size of high-power valves, the inter. 
electrode capacitances are quite high. A typical valve has C., =- 65 pF, 
Ce = 25 pF and Ce = 45 pF. Thus the effective output capacitance, 
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even of a push-pull stage, incorporating 
two such valves is very considerable, 

H T H amounting to more than 200 pF. Such 
a high capacitance introduces design 
difficulties in high-frequency trans-
mitters, because it is almost impossible 
to present the valve with an anode 

OUTPUT load high enough to permit the stage 
to operate at high efficiency. This 
difficulty can be materially reduced by 
the use of an inverted amplifier. 

Fig. 15 gives the essential features 
of a push-pull inverted amplifier. The 

H T - control grids of the valves are earthed,-
and the input signal to each valve is 
applied between its filament and earth. 

G B G.B. + The total capacitance due to inter-
Flo. 15.—SIMPLIFIED CIRCUIT electrode and neutralizing capacitances 
Dieunitte or Taiagsurrrint across the. anode-tuned _ circuit is less 
RA DIO-FREQUENCY STAGE USING than half that obtained with a con-
Two NEUTRALIZED INVERTED ventional push-pull circuit such as 

Arerznrizas IN PUSH-PULL, that shown in Fig. 14. In addition, 
the control grid acts to some extent as 

an electrostatic screen between input and output circuits, and capacitive 
coupling between the two is less than in conventional carthed-filament 
amplifiers. Nevertheless, it is still necessary to employ some neutralizing 
to give stability, and the capacitors C„ are included in Fig. 15 for 
this purpose. At high frequencies the lead used to connect the control 
grids to earth often hao appreciable inductive reactance, and a capacitor 
is inserted in series with the lead in order to neutralize this reactance. 
This capacitor breaks the D.C. continuity of the grid-earth path, and 
a high-impedance choke is connected in parallel with the capacitor to 
restore the continuity. 
An interesting feature of the circuit is that some power is transferred 

through the inverted amplifier from the driver stage to the output load 
of the inverted amplifier, and in practice this can amount to one-fifth 
of the power supplied by the inverted amplifier itself. Thiemeans, if an 
inverted amplifier is used as modulated amplifier, that it is impossible 
to achieve more than a certain depth of modulation, the (unmodulated) 
output of the driver stage always being present in the transmitter out-
put. This is avoided by modulating the driver stage also. 

LOW- AND HIGH-POWER MODULATION 

So far in this section, methods of amplifying radio-frequency signals 
up to powers of approximately 100 kW have been described, but., in a 
transmitter, at some point in the radio-frequency chain the audio-
frequency Modulating signal must be impressed upon the carrier wave. 
The amplifying stage which finally introduced the modulating signal into 
the radio-frequency amplifier is described as the modulator, and the 
radio-frequency stase which is modulated is known as the modulated 
amplifier. Modulation can be carried out in the final radio-frequency 
stage or at an earlier stage. If it is introduced at an early point in the 
chain, the audio-frequency power needed for 100 per cent modulation 
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is low, being in fact, equal to one-half of the radio-frequency power at 
the anode of the modulated valve. Such a system is termed low-power 
modulation, and a block schematic diagram of a complete transmitter 
employing low-power modulation is given in Fig. 18. The radio-
frequency stages following the modulated amplifier are required to 
amplify modulated radio-frequency signals with negligible distortion, 
and cannot operate in Class C. Linear Class B amplifiers are necessary 
and, as previously mentioned, their efficiency is only approximately 
35 per cent. This disadvantage largely offsets the advantage of the low 
audio-frequency power requirements. 
When modulation is carried out in' the final stage, the audio-frequency 

power required is considerable, being 50 kW to modulate a radio. 
frequency amplifier delivering 100 kW. Such a system is described as 
high-power modulation, and a block schematic diagram of a transmitter 
using high-power modulation is given in - Fie. 17. It is difficult to 
generate such audio-frequency power economically, at the samè time 
keeping harmonic distortion low. On the other hand, all the radio-
frequency stages in a high:power modulated transmitter, including the 
modulated amplifier, can operate in Class 0, and hence at high efficiency. 
Thus the disadvantages of the high-power modulator tend to be offset 
by the economy of the radio-frequency stages. There is therefore very 
little to choose between low-power and high-power modulation, and both 
systems have been used in high-power transmitters. The modem 
tendency seems, however, to be swinging in favour of high-power 
modulation. 

Modulation Systems 

Amplitude modulation is usually achieved by arranging for the gain 
of a radio-frequency amplifier to be proportional to the instantaneous 
value of the audio-frequency modulating signal. In most of the circuits 
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used for this purpose the radio-frequency signal is applied to one 
electrode of a valve and the audio-frequency signal to another; the 
anode current, being dependent on the voltage on both electrodes, 
contains modulated radio frequency. An obvious method is to apply 
the radio-frequency signal to the control grid of a pentode and the audio-
frequency signal to the suppressor grid, a circuit with the advantage 
of requiring negligible audio-frequency power. Although such modu-
lating circuits are used, the gain of the valve is not linearly related to the 
suppressor-grid voltage, and the distortion introduced precludes the 
use of such an arrangement in a broadcasting transmitter. 
The most linear method of amplitude modulation is to apply the 

audio-frequency signal to the anode of the modulated amplifier, the 
radio-frequency signal being applied to the grid. This system, known 
as anode modulation, is extensively used in broadcasting transmitters in 
spite of the need for considerable audio-frequency power, the anode 
circuit of the radio-frequency amplifier representing quite a low im-
pedance. The good linearity of such a system of modulation is at first 
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Fla. 18.—BASIC FORM oR HEISING OR CONSTANT-CURRENT 
MODULATION CIRCUIT. 

sight somewhat surprising, because the static relationship between the 
anode voltage and anode current of a triode is not, in general, a very 
good approximation to a straight line. In a modulated amplifier, 
however, the conditions are dynamic, the grid being biased considerably 
beyond cut off, but having a large-amplitude radio-frequency signal 
impressed upon it which gives pulses of anode currenp. Provided the. 
valve is thus operated under Class .0 conditions, the relationship 
between mean anode current and anode potential is very nearly linear 
and the radio-frequency output of the valve is directly proportional to 
the anode potential. By swinging the anode potential at an audio 
frequency, a linearly-modulated radio-frequency output can be obtained. 

Heising or Constant-current Moduladon 
Fig. 18 gives the circuit of one method of obtaining anode modulation. 

V1 is a Class C modulated amplifier and V2 a Class A modulator, the 
two anodes being bonded and connected to the H.T. line by an audio-
frequency choke, which for the purpose of explanation will be assumed 
of infinite impedance. The load impedance at V, anode is, in fact, the 
dynamic anode A.C. resistance of V, and, since the ratio of anode 
current to anode voltage for a Class amplifier is linear, this is also 
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equal to the D.C. resistance of V, (i.e., the ratio of H.T. voltage to mean 
anode current in the absence of an audio-frequency modulation signal). 
Because of this load the anode potential of V2 (and hence V1) varies 
when an audio-frequency signal is applied to V, grid and the radio-
frequency output. from L, is amplitude modulated. For positive 
voltages at V2, grid, the anode current of V, increases, causing its anode 
voltage to fall. This causes an equal fall in V, anode potential and a 
consequent fall in V, anode current. Under ideal operating conditions 
the fall in V, anode current just counterbalances the increase in V, 
anode current, and the H.T. current for the two valves is steady during 
modulation; hence the name constant-current modulation. 

There are a number of disadvantages to the simple circuit of Fig. 18. 
Firstly, it is impossible to achieve deep modulation without incurring 
serious distortion. To obtain 100 per cent modulation, the H.T. 
voltage at the anode of V, must be swung between zero and twice the 
H.T. supply voltage. It is quite impossible to obtain such a large 
amplitude signal from V, whilst still operating it under Class A condi-

FIG. 19.—ANODE-MODULATION CIRCUIT INCLUDING A 
MODULATOR TRANSFORMER. 
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tions; in general, for the maximum possible grid swing of a Class A 
amplifier the peak anode swing is approximately equal to one-half the 
H.T. supply voltage. In the circuit of Fig. 18 this also causes the H.T. 
supply of V, to swing an equal extent, giving 50 per cent modulation. 
Any attempt to obtain greater than 50 per cent modulation by increasing 
the audio-frequency input to the modulator results in grid current in 
V, and severe distortion of the modulation envelope. 

This difficulty can be overcome by including an RC combination in 
series with the H.T. feed to V, anode, as shown in dotted lines in Fig. 18. 
The voltage drop across R due to V, anode current ensures that. the 
quiescent anode voltage of V, is less than that of V,. By making the 
quiescent voltage at V, anode equal to approximately one-half that at V, 
anode, the modulator can achieve 100 per cent modulation, even though 
the potential swing at its anode is only half that of its H.T. supply. 
The resistor R is shunted by a capacitor 0, the reactance of which at 
audio frequencies is low compared with the anode D.C. resistance of V,. 
This condition ensures that the audio-frequency swing developed at V, 
anode is approximately equal to that at V, anode, and is not attenuated 
by R. 
An alternative circuit permitting 100 per cent modulation with the 
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FIG. 20.—CLASS B MODULATCR WITH PARALLEL-FED 
MODULATION TRANSFORMER. 

same H.T. supply to both modulator and modulated amplifier is shown 
in Fig. 19. In this the two valves are coupled by means of a modula-
tion transformer and, if 14 is greater than L, the audio-frequency voltage 
swing at the anode of V, is greater than that at the anode of V,, thus 
making full modulation possible. For example, the transformer might 
require a 2: 1 turns ratio to achieve full modulation. In such a circuit 
the effective load at V, anode is one-quarter the anode resistance of V1, 
and the valves should be chosen so that this is at or near the optimum value 
for V,. The incremental inductances of La and L, should be such that 
their reactances at the lowest modulation frequency (say 30 o/s) is at 
least several times the resistance to which the winding is connected. 
This may necessitate a bulky component, particularly if the transformer 
core is polarized by the steady components of the anode currents of the 
two valves. This polarization can, however, be minimized by so 
connecting the transformer that the effects of the two steady components 
are in opposition. The components 14, are included to prevent radio-
frequency currents generated in the modulated amplifier from entering 
the modulator. 

Clio s B Modulator 

in high-power transmitters it is customary to use a Class B modulator, 
and Fig. 20 gives a simplified circuit illustrating such a stage and also 
a purrh—pull modulated amplifier. Neutralizing is omitted for the sake 
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Fm. 21.—CATHODE FOLLOWERS USED AS DRIVERS OF A CLASS 
B MODULATOR. FOR SIMPLICITY SOURCES OB. GRID BIAS ARE 

IGNORED. 

of simplicity. This circuit may be regarded as typical of those used in 
the finsl stage of a high-power modulated transmitter. The use of 
push—pull in the modulator avoids steady polarization of the modulation 
transformer from the primary winding, because the steady components 
of the modulator anode currents flow'in it in opposite directions. By 
using choke-capacitance coupling between the secondary winding and 
the modulated amplifier, the D.C. components of the anode currents of 
the modulated amplifier are removed from the secondary winding, 
avoiding polarization from this cause. Thus the size of the modulation 
transformer can be kept reasonably small. 
An interesting point about this circuit is the voltage rating of the 

capacitor C,. T he potential across this capacitor is made up of the 
steady component from the H.T. supply and the varying a.f. component 
from the modulation .transformer secondary. The latter is alternately 
aiding and opposing the former and, under 100 per cent modulation 
conditions, can equal twice the H.T. supply voltage, and the capacitor 
rating must exceed this (possibly 20 kV) by an adequate safety margin. 
As explained earlier, the source of audio-frequency signal feeding the 

modulator grids must be of low resistance to minimize distortion on 
large-amplitude signals, and one way of achieving a low-resistance source 
is indicated in Fig. 20. The grids are fed from a transformer with a• 
centre-tapped secondary winding of low resistance. An alternative 
circuit is shown in Fig. 21, in which each of the modulator valves is fed 
from a cathode follower via a low-value cathode resistor, which is some-
times as small as 20 ohms. This circuit is probably preferable to the 
use of a transformer if the Class B stage and the driver stage are included 
within a negative feedback loop. Wherever possible it is desirable to 
eliminate iron-cored components such as chokes and transformers from 
those sections of an amplifier over which it is desired to apply negative 
feedback. Such components introduce phase shift at the extremes 
of the pasaband and, when feedback is applied, instability sometimes 
occurs as a result of these phase-shifts. RC networks also introduce 
phase shifts, of course, but in general the performance of an RC circuit 
Is more amenable to calculation than that of iron-cored components. 
On the other hand, negative feedback is sometimes used in order to 
reduce the hatrmonic distortion introduced by, say, a modulation trans. 
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FIG. 22 —ONE METHOD OF APPLYING NEGATIVE FEEDBACK TO A 
MODULATOR. 

former; in such a circuit the constants of the feedback network must be 
chosen to avoid any possible instability, and this may well be a very 
difficult task. 
Sometimes negative feedback is applied to a section of the modulator 

by means of potential dividers connected between the anodes of the 
output stage and the grids of an earlier stage, as shown in the simplified 
circuit diagram of Fig. 22. In such a circuit the modulation transformer 
is not wholly included within the feedback loop, and the feedback circuit 
does nothing towards reducing any harmonic distortion introduced by 
this component. Moreover, feedback does not correct any deficiencies 
in frequency response (" top loss ") due to the leakage inductance of the 
modulation transformer; it does, however, reduce any attenuation 
distortion (" bass loss ") caused by inadequate primary inductance. 
A more ambitious feedback circuit sometimes employed is that 

illustrated in Fig. 23. A detector is coupled to the output of the trans-
mitter and rectifies some of the modulated radio-frequency output. The 
resulting audio-frequency signal from the detector is returned to an 
early stage of the modulator as a negative feedback voltage. Such 
feedback tends to correct harmonic and attenuation distortion occurring 
in the modulator output stage or in the modulated amplifier; in other 
words, it tends to linearize the modulation process. Such a feedback 
system needs very careful design; the detector circuit must be free from 
distortion, and the constants of the feedback loop must be very carefully 
planned to avoid instability. 
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FIG. 23.—METHOD OF APPLYING OVERALL FEEDBACK TO A TRANSMITTER. 
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Series or Constant-voltage Modulation 

The necessity fora modulation choke or transformer can be avoided 
by the use of a circuit such as that shown-in Fig. 24, in which the modu-
lator and modulated amplifier are connected in series across the H.T. 
supply. The modulated amplifier is usually a Class C stage, and 
modulation is achieved here, as in Heising modulation, by varying its 
anode H.T. supply voltage. The anode potential is swung above and 
below its quiescent (unrnodulated) value, and the average current of the 
modulated amplifier is steady during modulation. In a series modula-
tion circuit the anode current of the modulated amplifier is equal to 
that of the modulator; which must therefore also have constant anode 
current during modulation. The modulator must therefore . operate 
under Class A conditions. Because of the low efficiency of such ampli-
fiers, series modulation is not generally used in high-power modulated 
transmitters. It is more generally used as the penultimate stage of 
a low-power modulated transmitter. 

HT 
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24.—BASIC FEATURES OF SERIES MODULATION CIRCUIT. 

The modulator anode load is the anode A.C. resistance of the modu-
lated amplifier, and the two valves are so chosen that the load is near the 
optimum value for the modulator. There are two possible forms for 
this circuit; the modulated amplifier can be " below " the modulator 
as in Fig. 24, or it can be " above " it. Both circuits operate in the 
following manner. The relationship between anode potential anti 
anode current for a Class C stage, such as the modulated amplifier, is 
approximately linear, and it behaves as a linear anude load for the 
modulator. When an audio-frequency signal is applied to the grid of 
the modulator, an amplified audio-frequency signal is generated across 
the modulated amplifier, thereby modulating the radio-frequency output 
of this stage. The sum of the voltages across the modulated amplifier 
and the modulator is constant during modulation, being at all times 
equal to the H.T. voltage. For this reason this circuit is sometimes 
known as constant-voltage modulation, in contrast with the Heising 
system, which is a constant-current device. 
For reasons which have already been explained, the peak audio-
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frequency output developed at the anode of a Class A amplifier is 
necessarily less than that of its H.T. supply. Moreover, to achieve 
100 per cent modulation, the H.T. voltage for the modulator must be 
swung between zero and twice its quiescent (unmodulated) value. Thus, 
under steady carrier conditions, the H.T. voltage for the modulator 
must exceed that for the modulated amplifier, and it is commonly 
double that of the modulated amplifier. For example if the total 
H.T. supply is 18 kV, the quiescent voltage across the modulator could 
be 12 kV and that across the modulated amplifier 8 kV. On a peak 
positive input to the modulator the voltage across this valve falls to 
6 kV and that itcross the modulated amplifier rises to 12 kV; on a peak 
negative input the voltage across the modulator rises to 18 kV and that 
across the modulac l amplifier falls to zero. On a negative input to 
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25.—SERIES MODULATION CIRCUIT INCLUDING TWO VALV,ES 
IN PARALLEL AS A MODULATOR AND A PUSH-PULL MODULATED 
AMPLIFIER. NEUTRALIZING IS OMITTED FOR SIMPLICITY. 

the modulator, the anode current of both valves falls instantaneously 
to zero. Some characteristic curvature is inevitable when the anode 
current of the Class A modulator falls to zero, and thus some harmonic 
distortion is inevitable on 100 per cent modulation. This distortion 
can, however, be considerably reduced by a negative-feedback circuit 
described later. 
Another difficulty of this circuit is associated with the fact that the 

filament of the modulator or modulated amplifier must be at high 
potential with respect to earth. This necessitates insulaSion of the 
filament generator and the associated leads and meters. It is generally 
preferred to have the modulated amplifier at the lower potential, 
because this avoids the insulation difficulties which arise when the 
anode-tuned circuits are at the full H.T. potential (and this potential is 
generally very high, possibly 20 kV, for a series modulation circuit). 
In practice, the modulator may consist of two or more valves in parallel 
and the modulated amplifier of two valves in push-pull. Fig. 25 gives 
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a simplified circuit diagram of a series-modulator including a total of 
four valves. 

In Figs. 24 and 25 the secondary winding of the modulator input 
transformer is returned, via the grid-bias supply, to the modulator 
filament. This circuit has the merit that only a comparatively small 
modulating voltage is required, the modulator behaving as an amplifier. 
In an alternative version of the circuit, shown in Fig. 26, the modu-
lating signal is applied between modulator grid and H.T. negative. 
This modification brings about an entirely different set of operating 
conditions which lead to a much better performance, particularly in 
respect of linearity of modulation. The modulator now behaves as a 
cathode follower, the modulated amplifier acting as a resistive cathode 
load. Because of the negative feedback, the gain of the modulator is 
now smaller and is slightly less than unity. The audio-frequency signal 
required at the modulator grid for 100 per cent modulation is now very 
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FIG. U .—SERIES MODULATION CIRCUIT INCLUDING C ATHODE-POLLOWER 
MODULATOR AND PROVISION FOR FLOATING -CARRIER OPERATION. 

much greater than for the circuit of Figs. 24 and 25. One way of apply-
ing this signal is indicated in Fig. 26, in which the modulator grid is 
connected direetly to the anode of the sub-modulator, the D.C. condi-
tions in the circuit being so chosen that the modulator grid bias is 
correct. To achieve 100 per cent modulation the mean anode potential 
of the modulated amplifier must be reduced instantaneously to zero. 
This requires the grid potential of the modulator, and hence the anode 
potential of the sub-modulator, to be reduced instantaneously to less 
than zero. This can only be achieved by returning the filament of the 
sub-modulator to a point which is considerably negative with respect to 
H.T. negative; as shown in Fig. 26, a subsidiary H.T. supply is used for 
this purpose. 

Floating-carrier Operation 

A modulation circuit of the type shown in Fig. 26 can very simply be 
modified to give floating-carrier operation. This is a mode of operation 
sometimes used to effect some economy in high-power-transmitter 
operation. During amplitude-modulation the power supplied by the 

N 
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modulator goes into sidebands and the modulated amplifier maintains 
the carrier wave at constant amplitude. During periods of shallow 
modulation the carrier amplitude is unnecessarily large, and economy in 
operation can be secured if the carrier amplitude is varied so that at any 
instant it is always just sufficient to accommodate the amplitude of the 
modulating signal. In effect, this means that the transmitter is main-
tained at 100 per cent modulation, and the carrier amplitude is varied 
in accordance with the average amplitude of the modulating signal. As 
already pointed out, distortion is a maximum for deep modulation, and 
for this reason and also for a reason connected with receiver operation, 
this floating-carrier technique is not carried to its logical conclusion. 
In practice, arrangements may be made for the carrier amplitude to 
vary between a half and its full amplitude, and it can be achieved using 
the circuit of Fig. 26 by rectifying the modulating signal and feeding 
the resultant undirectional voltage to the grid of the submodulator in 
addition to the modulating signal itself. The rectifier may be of the 
biased-diode type, delivering a positive-going output to the sub-
modulator grid to increase the carrier amplitude for audio-frequency 
input signals excer ing a certain value. The forward time-constant 
must be short to enable the carrier amplitude to rise rapidly to cope 
with steep transients, but the decay-time constant can be long, and may 
be as much as 1 second. 
A disadvantage of floating-carrier operation is tht. • kts use affects the 

performance of receivers fitted with automatic gain control. • In such 
receivers the radio-frequency gain is dependent on the amplitude of the 
received carrier and, if this is varied at the transmitter, the receiver gain 
will fluctuate, giving rise fr• undesirable variations in volume of the 
received programme. T minimize such effects the variations in 
carrier amplitude are limited as described. 

Adjustment of Depth of Idoc:alation in Transmitters 

When a carrier is 100 per cent modulated by a sinusoidal signal the 
power radiated increases by 50 per cent. Thus the aerial current 
increases to V(1-5) z--• 1-225 of its unmodulated value. This increase of 
22-5 per cent is often used as a raeans of determining when full modula-
tion is reached, and by use of a gain control calibrated in decibels in the 
modulating-amplifier chain, it is possible to set up any desired modula-
tion depth with reasonable accuracy. For example, suppose it is 
desired to set up a broadcast transmitter so that, with a certain level of 
audio-frequency input, the modulation depth is 40 per cent. This 
input, whatever its value, is 8 db below that which gives 100 per cent 
modulation. Thus the desired modulation depth is obtained by 
increasing the gain of the audio-frequency -amplifier feeding the modu-
lator until the aerial current meter indicates an increase of 22-5 per cent. 
The audio-frequency gain is now reduced • by precisely 8 db and the 
required modulation depth is obtained. This method is more accurate 
than attempting to read the increase in aerial current due to 40 per cent 
modulation. This increase is very small, being only 4 per cent, and is 
very difficult to read with accuracy. 

Adjustment of Radiated Power of a Transmitter 

It is sometimes necessary to reduce the radiated power of a trans-
mitter, perhaps because it is causing interference at some distant point 
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or because it is operating with a temporary aerial which will not with-
stand the full power. The adjustment can be carried out in the follow-
ing way. Suppose it is desired to reduce the power to one-half. The 
H.T. supply to the modulated amplifier is reduced to 1/V2, i.e., 0-71 
of its normal value. Since the anode current is proportional to the 
anode potential for a Class C stage, the anode current also falls to 1/V2 
of its normal value, and the total power taken by the stage from the 
H.T. supply falls to one-half of normal. It is assumed that the efficiency 
of the modulated amplifier remains constant, and thus its power output 
falls to one-half. The power output of the modulator must also be 
reduced to one-half, obherwise distortion due to over-modulation 
(carrier cutting) will result, and the necessary reduction can be obtained 
by reducing the gain of the audio-frequency amplifier feeding the 
modulator by 6 db. The adjustments necessary to reduce the radiated 
power to other fractions of the normal output can be determined from 
the above example. 

S. W. A. 

FREQUFNCY-MODULATED TRANSMITTERS 

A frequency-modulates1 transmitter is one in which the amplitude of 
the radiated signal remains constant and in which-intelligence is trans-
mitted by modulating the frequency about its mean value. Degree 
of modulation from 0 to 100 per cent modulation is determined by the 
extent to which the frequency is moved from tho mean value, and 
is called the deviation. 
Thus for a sinusoidal modulating signal the transmitted signal is 

e = E, sin (wt m sin pt) 

where E, is the peak amplitude of the signal; 
w = 2/0, where fo is carrier frequency; 
p = 21rf„„ where),„ is modulating frequency; 
se = modulatior5 index 

Deviation of frequency from f, = 

•1." 

The spread .of side-bands is not exclusively related to the modulation 
frequencies as in amplitude modulation, but is also dependent to a 
great degree on the modulation index, and usually extends to many 
times the extent of the modulating frequency. 
Thus, in order to convey the same modulation information, the band-

width of a frequency-modulated transmitter must be many times 
greater than that of the corresponding amplitude-modulated trans-
mitter. 
With a modulation index of less than 0-5, the frequency deviation is 

less than half the modulating frequency, and the band-width required to 
accommodate the essential part of the side-band spectrum is the same as 
that for amplitude modulation. 
When the modulation index is greater than 0-5 there are significant-

frequency components extending on each side of the mean carrier 
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frequency between (m 1) times the modulation frequency and 
1-5 (m + 1) times the modulation frequency. 
For broadcast transmitters it is usual to employ a modulation index 

of at least 5, which necessitates a radio-frequency band-width of 
approximately twelve to sixteen times the modulation frequency. 
A further difference exists; whereas, in amplitude modulation, the 

amplitude of the individual side-bands can never exceed 0-5 of the carrier 
amplitude, in frequency modulation the side-band amplitudes can 
exceed that of the carrier, and depend again on the modulation index. 
Conditions can be such that the carrier amplitude is zero. This occurs 
when the modulation index is 2-4048, 5.5201, etc. 
The distribution of side-band amplitude and carrier amplitude for 

various modulation indices is illustrated in Pig. 27. 
By the nature of the frequency-modulated signals, in which the 

modulation index varies inversely with the modulation frequency, the 
relative amplitude of neise interference varies directly as the frequency. 
This means that the maximum noise energy on frequency modulation 
occurs at the highest frequency, Where the modulation is normally small. 

Profit can therefore be made by employing increasing amplitude of 
signal at higher frequencies, or pre-emphasis at the transmitter and 
corresponding de-emphasis at the receiver. 

In order to effect frequency modulation, it is necessary to modulate 
the source of frequency, i.e., at low power level. A frequency. 
modulated transmitter consists, therefore, of a modulated signal source 
followed by a chain of wide-land radio-frequency amplifiers. 

Before proceeding to a discussion of the problems involved and to 
detailed circuit arrangements, it is necessary to have a specification of 
overall performance of a system. Performance specifications vary in 
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detail, depending upon the country of origin and the type of service 
envisaged. As a guide, the performance specification of the British 
frequency-modulated broadcast service is given below. 

Performance Specification for Frequency-modulated Transmitters 

Frequency Stability.—The stability of the centre frequency without 
modulation shall be within ± 20 parts in 10°. When modulated with 
a maximum deviation of 100 kc/s the mean frequency shall be constant 
within ± 5 parta in 104. 
Deviation.—± 75 kc/s for normal operation. ± 100 kc/s optional. 
Input Signal Level.-1 mW + 12 db in 600 ohms. 
Pre-Emphasis.—Selected time constants from 0 to 50 microseconds. 

The normal working value to be 50 microseconds. 
Audio-frequency Distortion.—Maximum distortion at deviatiens 

specified: 

1 per cent for 25 kc/s deviation 
30-60 c/s 1.5 per cent for 75 kc/s deviation 

3 per cent for 100 kc/s deviation 

{ 
0.5 per cent for 25 kc/s deviation 

60 c/s-10 kc/s 1.0 per cent for 75 kc/s deviation 
2.0 per cent for 100 Ws deviation 

Frequency Response without Pre-emphasis.—Level + 0.5 db with 
respect to 400 c/s from 30 c/s to 10 kc/i3 it 75 Ws deviation. 
Frequency Response with Pre-emphasis ( id Corresponding De-

emphasis in Monitor).— 

Level Max Tolerances 
± 0.5 db 60 cis to 3 kc/s 
± 1 db 30 c/s to 10 Ws 
3 db 12 kcis 

—10 db 15 kc /s 

all at 75 kc/s deviation. 
Noise.—Frequency modulation noise level shall be better than — 60 db 

relative to output at 400 cis at 75 kc/s deviation. Amplitude modula-
tion noise level for all frequencies between 30 cis and 10 kola shall be 
better than —50 db relative to the tuunodulated carrier. 
Amplitude Modulation.—Not to exceed 2 per cent for 75 kc/s 

deviation. 
Amplitude Stability.—The amplitude of the frequency-modulated 

signals shall be constant within ± 2 per cent with respect to the un 
modulated carrier for any frequencies between 30 c/s and 10 kc Is. 
. Radio-frequency Harmonics.—Power at harmonic and sub-harmonic 

frequencies shall be less than 200 mW. 

Methods of Modulation 

A variety of methods of effecting frequency modulation have been 
used, and date from the early work of the late E. A. Armstrong.' The 
two basic methods are " direct frequency modulation" and " pre. 
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corrected phase modulation ". In order to appreciate the two basic 
systems, the relation between frequency and phase modulation must be 
clearly understood. 

Relation between Frequency and Phase Modulation 
Suppose we have an L—C circuit oscillating at a frequency f,, and we 

vary the capacitance across the circuit: there will be a corresponding 
variation of frequency. If we denote the change of frequency by the 

symbol Af and assume a sinusoidal modulation frequency f„, 

causing the corresponding variation of capacitance, we may express 
this as an equation 

f = Jo + A.f sin pi • . (1) 

The modulating frequency f„, may have any value, but as long as the 
maximum variation of oscillatory circuit capacitance, caused by the 
modulatiou, is the same, the maximum frequency deviation af will 
be constant. This is frequency modulation. 
Now let us consider a stable frequency oscillating tuned circuit 

followed by an isolating amplifier and a driven tuned circuit. If now 
we vary the capacitance across the driven circuit, there will be no 
change of frequency, as this is determined by the unchanged oscillatory 
circuit. However, there will he a change of phase of the current in the 
driven circuit. 
As before, we may assume the change to take place sinusoidally and 

express the condition as one of constant frequency f„ with phase varying 
as, say, Ae sin pt. This is phase modulation. 

It is convenient to show the equivalence of phase and frequency 
modulation by means of vector diagrams. 

Fig. 28 shows a vector OA corresponding to the carrier frequency fo. 
Conventionally this vector is assumed to be rotating counter-clockwise 
at a constant angular velocity w = 2if0 radians, and its instantaneous 
amplitude OA' is given by its projection on to the datum reference OB. 

For a frequency fo, the vector OA obviously makes fo revolutions a 
second. For constant frequency applications, all vectors such as OA, 
OC, OD keep the same angular relation, and we may conceive the three 
vectors as remaining fixed and the original datum OB rotating clockwise 
at the constant frequency. 

In Fig. 29 let the fixed reference vector ()A represent a carrier frequency 
fo, and let the vector OB represent a varying frequency. The vector OB 
will thus rotate relative to the fixed vector OA at a rate determined by 
the difference in frequ.ncy between fo (vector OA) and its own frequency, 
and in a direction dependent upon whether its frequency is greater or 
less than h. 

Thus, if the frequency of the vector OB is -I- 1 cis the vector OB 
will rotate counter-clockwise at 1 revolution /second, while if it is 
— 1 cis, it will rotate clockwise at 1 revolution/second. It is also 

true that the vector OB equally represents a carrier of frequency 
with phase varying according to the speed of rotation of OB. Thus, for 
the example used above, where OB makes 1 revolution /aecond, it may 
represent a frequency fo with phase varying at the rate of 2/r racli£ 
second. 
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FIG. 28.—THE VECTOR 0.4 
CORRESPONDS TO TIIE CARRIER 

FREQUENCY, f 

D•  •C 

A 

A'S 

FIG. 29.—VECTOR 0.4 REPRE. 
SENTS A CARRIER FREQUENCY, 
f, AND VECTOR OB A VARYING 

FREQUENCY. 

Thus, if the frequency difference between OB and OA is V. the 
equivalent phase change for constant frequency .4 will be 2trilf radians! 

2173.f . 
second or radians/cycle. 

Now let us Lonsider the special case of square-wave frequency 
modulation illustrated in'Fig. 30 (a). 

This corresponds in Fig. 29 to the vector OB rotating at constant 
angular velocity from OC to OD in a counter-Clockwise direction and 
then reversing immediately and travelling clockwise back from OD to 
OC at the same constant angular velocity corresponding to 1 revolu-

tion/second. This corresponds to a maximum phase change of + 1;- 

relative to OA, which, for constant angular velocity of the vector, is 
linear. Thus the phase change or phase modulation corresponding to 
the square-wave frequency modulation of Fig. 30 (a) is a triangular phase 
modulation as at Fig. 30 (b). 

If we now decrease the periodicity of the square wave to f but main-
tain the :El c/st deviation, it follows that the maximum phase shift is 

+, +g 
3 f c/5 dee ii. 

--1 -i 
(a) (b) 

FIG. 30 (a) SQUARE-WAVE FREQUENCY MODULATION; (b) TRIANGULAR 
PHASE MODULATION. 
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halved, , the maximum phase deviation is ± . 7 radians, where àf 
J» 2 

is the maximum frequency deviation. 
If the frequency deviation of OB varies sinusoidally, the maximum 

deviation being 1 c/s, the average angular velocity of OB will be 2/it of 
the maximum velocity. 

Hence the maximum phase shift will be 2- x ± -= 1 radian/second. 
IT 2 

As is clear from the vector relations established, if the change of OB 
from OC to OD is sinusoidal the maximum frequency deviation will 
occur when OB is passing the central position OA, i.e., when the phase 
deviation is a minimum. Likewise, the maximum phase deviation 
occurs at OC and OD when the frequency deviation is a minimum. 

Thus, taking tho vector ()A as t lie timo datum, 

Frequency deviation = Af cos pt c,'s   (2) 

Equivalent phase deviation = fà---»-f. sin pt radians/second .   ( 3) 

(/) = 2rfut) 

Including the carrier, it is clear that the expressions for frequency 
and phase modulation are: 

a 
f = A sin ( 27rfot  'sin pt)   (4) 

f. 
and f = A sin (2nfot 4- [le sin pl)   (5) 

This factor —àf (or 4) is the modulation index. Whereas for frequency 
f. 

modulation, the modulation index is inversely proportional to modu-
f. 

lation frequency, in phase .modulation, as defined, the modulation intiex 
is constant. To make phase modulation equivalent to frequency 
modulation, therefore, we must introduce a factor inversely proportional 
to frequency, as implied in equations (3) and (4). 

Summarizing, we find: 

For Frequency Modulation (F.M.), àf is constant 

. àf 
T71 8 - 

For Equivalent Phase Modulation, we start with 

is constant .*. àf cc f 

so we include a circuit to introduce a factor 

Hence àf cc x f7. = constant 

as for F.M. 
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For Phase Modulation (P.M.), 

Ack is constant .. A/ cc f„, 

• m = - = constant 

TO change phase modulation into equivalent frequency modulation we 
must make the modulating signal inversely , proportional to f„,. 
The pre-correction of the signal is usually accomplished in a network 

in the path of the modulating signal. 
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Pre-corrected Phase Modulation 

One method to obtain phase modulation is to employ a reactance 
modulator valve system across an L-0 circuit that is excited at constant 
frequency. To preserve linearity of modulation, phase shift .nust be 
limited to say ± It, radian. For frequency deviation of + 75 kc/s at 
the radiated carrier frequency for a modulating signal of say 30 c/a, 
we require 75,000/30 = 2,500 radians of phase shift, i.e., a multiplica-
tion of 5,000 times is required. This is normally too great to be practic-
able in a single chain of multipliers, since, starting with a crystal 
frequency of say 100 kcjs, we should finish with a carrier frequency of 
500 .Mc/s. 

It is usual in such a case, therefore, to multiply in two stages, say from 
100 kc/s to 6.4 Mc /s and &cirri 2 Mc /s to 96 Mc/s. A 4.4-Mc its hetero-
dyne frequency change operates on the 6-4-Me/s signal to produce the 
required 2-Mc /s signal. 
Another method of producing phase modulation is to add the side-

bands of an amplitude-modulated carrier to a carrier in quadrature. 
This process is easily demonstrated vectorially using the same artifice as 
previously. 
Thus in Fig. 31 (a) we have first a carrier frequency vector 0171 and 

two side-band vectors 0V 2 and 0V 2. 

The vector 0V2 is, say, the upper-side-band signal, and therefore 
rotates counter-clockwise relative to 0171 with the modulation frequency. 
Likewise, the lower-side-band vector 0171 rotates clockwise relative to 
() VI. Vector addition shows that the counter rotation of the two 
side-band vectors in conjunction with the carrier vector 0111 produces an 
amplitude-modulated signal without phase shift. 

2 

V 5v2 V3 

(b) 

o 

Fla. 31.—(a) VECTORIAL REPRESENTATION or AMPLITUDE MODULATION; 
(b) VECTORIAL REPRESENTATION or FREQUENCY MODULATION. 
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Now suppose the two side-band vectors are added to the carrier vector 
in quadrature, i.e., the side-bands become directly additive on the time 
axis instead of as previously on the amplitude axis. This is shown in 
Fig. 31 (b). 

It is clear that the counter-rotating side-band vectors now produce 
phase modulation of the carrier and no amplitude modulation. This, 
then, provides a means of producing phase modulation. An amplitude-
modulated signal is separated into the carrier signal component and the 
sideband sigpals component, and these components are then phase 
shifted 90°, and the two are then added again, transforming the modula-
tion process thereby from that of Fig. 31 (a) to that of Fig. 31 (b). 

fhis method was used in the original Armstrong arrangement, and is 
still in current use. 
More recently the Serrosoid method of modulation has gained some 

popularity; this is described fully later. 

Direct Frequency Modulation 

Two broad methods are in current use. 
One uses the reactance control of an L-C oscillator and the other the 

direct control of a crystal oscillator. 
The former requires much the greater care in the stabilization of the 

centre or mean frequency, but is nevertheless quite satisfactory in 
practice, and is described in detail later. With direct frequency modula-
tion it is possible to complete the frequency multiplication in one set of 
multipliers. 

Circuit Arrangen.ents : Pre-corrected Phase Modulation 

The Armstrong System 

This system was introduced by.the late E. A. Armstrong, and paved 
the way for the engineering of frequency-modulated broadcast. services. 
Tho schematic diagrams of Fig. 32 illustrate an arrangement for a 

radiated frequency of 96 Mc is based on the Armstrong system. 
A crystal oscillator operating at a frequency of 100 kels drives a buffer 

amplifier, which th n provides outputs for two channels—one the 
balanced modulator and the other to an oscillator frequency amplifier. 
The output of the balanced modulator which contains the modulation 
products only and the output from the carrier-frequency amplifier, one 
output of which is shifted 90° with respect t.) the other, are combined 

PRE-
* CORRTICT-1/40.--• EMPSIASIS 

NETWORK NETWORK 

osuu.moR 
CRYSTAL PP R 

AMPLIFIER TOO mi. 

IAL AN Ut O 
MODULATOR 

t. OSCILLATOR' 
FREQUENCY 
AMPLIFIER 

CRYSTAL 
OSCILLATOR 
1-6 MC,' 

FREQUENCY 
BUFF ERI—IMULT 'PLIERS res,e.rg 

Es. 

100 05 100 Mist 
1.4 cis 

éREQUENCY 
MULTIPLIER AERIAL 

X64 

Ill Mgr! FS 100 ± 16141a± 
t171. LIS 11/F4 Os 5.2 LS) 

14 

FIG. 32.—THE ARMSTRONG TYPE OP FREQUENCY MODULATION SYSTEM. 
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FIG. 33.—PRIC-CORRECTING 
NETWORK. 

200K 

AE Class A amplifier output —  sin pt. INPUT 
E SIN pt 

100K 

Fro. 34.—PRE-Eitritasis NET-
WORK TOR TIMIS CONSTANT 100 

MICROSECONDS. 

Class A amplifier. 

and fed into a second buffer amplifier. Frequency multiplication by 
81 brings tho carrier frequency to 8.1 Mc/s. This is then heterodyned 
with a crystal oscillator and the lower difference frequency, retaining the 
x 81 deviation, is selected and multiplied further by a factor of 64 to 
achieve a frequency deviation of + 75 Ire /s at 98 Mois for a modulation 
phase shift of less than ± 4 radian at 30 c/s. 

Pre-correcting Networks.—As already stated, for phase-modulation 
systems it is necessary to include in the audio-frequency input circuit a 
network to convert the signal from the form E COS pt to the form 
E 
— COS pt. 

The form of pre-correction used in the original Armstrong system is 
shown in Fig. 33. 

Pre-emphasis Network.—This takes the form of a simple R-C network 
giving a rising amplitude output for increasing frequency. One 
example is given in Fig. 34. Equivalent R-L networks are sometimes 
used. 
The Balanced Modulator.—A basic form of balanced modulator is 

shown in Fig. 35. 
In this arrangement the audio- frequency signals, e cos pt, operate on 

the valves in push-pull, while the carrier-frequency signals operate on 
the valves in push - push or paranel mode. The outputs of the two valves 
are combined in the output transformer to produce signals of the form 

A{sin (w p)t sin(w — p)t} 

which may be written in the form 

B cos pt sin wt 

which is the modulation product containing only the side-band informa-
tion, i.e., with no carrier components present. 

The Frequency Multiplication Stages.—These are of conventional design, 
and may be high-efficiency Clara C stages of adequate band-width. 
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CARRIER FREQUENCY 
E SIN wt 

M DOULATING 
FREQUENCY 
e COS pt 

Fla. 35.— BALANCED MODULATOR. 

OUTPUT 
B cos pt wt 

The Serrosoid System 

This system overcomes many of the disadvantages of the Armstrong 
phase-modulated system and provides, if necessary, an initial peak phase 
shift of 4-150°. Normally, the system is based on ± 90° or 14 radians 
for 100 per cent modulation at the lowest frequency. For 14 radians 
and 50 cis tne peak deviation is ± 75 c/s, so, for a ± 75-kc/e deviation 
of the radiated signal, a frequenc-- multiplication of 1,000 is required. 
The nearest simple whole numoer with simple multiplication factors 

is 972. Thus, for example, we ma> take a 100-kcis crystal frequency. 
multiplied to a radiated frequency of 97-2 Mc/s. 

Fig. 36 shows the complete Serrosoid system. 
In general terms a saw-tooth waveform is derived from a stable 

crystal-controlled source. This is then limited at about 0-5 amplitude, 
and a pulse is derived at the onset of limiting. Bias modulation of the 
limiting action then causes the pulse to vary in time in sympathy with 
the instantaneous value of the modulating signal. The derived fre-

CRYSTAL 
OSCILLATOR 
I00 kc/s 

BIASED 
MODULATI 

STAGE 

MULTI-
PLICATION 
STAGES X 972 

DIFFEREN-
TIATION 

LIMITS OF 
LEADING EDGE e 

WITH MODULATION 

F.M. F.M. 
PULSES SINE WAVES 

cORPAREECOR 

PULSE 
AMPLIFIER 

AMPLIFIER --70.1ee 

TO 
AERIAL 

POWER 
AMPLIFIERS 
AT 97.2 Mc -r 

RADIATED 
F.M.SIGNALS 

Fia. 36.—THE SERROSOID SYSTEM or PRE-CORRECTED PRASE 
DERIVED FREQUENCY MODULATION. 
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quéncy-modulated pulses are then fed into a conventional chain of 
frequency multipliers, and the frequency-modulated signals so obtained 
at the radiated carrier mean frequency are power amplified and radiated. 
Mean frequency stability is thus crystal controlled and, due to the large 
initial phase deviation possible, a single chain of multipliers is sufficient. 

Performance of this relatively modern form of frequency modulation, 
first operated commercially in 1948, is good, the claims made being 
summarized below: 

Mean Frequency Stability.—± 0.0002 per cent. 
Frequency Modulation noise in modulator 50-15,000 c,'s Measured 

with 75 Microseconds De-emphasis. 80 db below 100 per cent 
modulation. 

Distortion from the Non-linearity of Phase Shift for ± 135° .Peak 
Phase Deviation.-0•25 per cent frequency. modulation distortion. 

Direct Frequency Modulation 

Centre Frequency Stabilized Systems 

With this form of frequency modulation the modulating signals are 
made to control the frequency of an L-C oscillator, the mean frequency 
of which is stabilized in relation to a quartz-crystal-controlled oscillator 
or by the difference between a quartz-crystal oscillator and an L-C 
frequency discriminator. 
The frequency control is usually achieved by a reactance tube acting 

directly on the frequency-determining circuit and operated by the 
modulating signals. 

This method is capable of producing large deviation, but suffers 
from the necessity to introduce complicated reactance control in order 
to stabilize the mean frequency. 
The frequency of the directly controlled oscillator is usually of the 

order of a few Mc /a, and operates at a sufficiently low power level to 
enable thé reactance tube modulation to be reasonably small and 
economical. The frequency is then multiplied successively in a chain of 
harmonic amplifiers, and finally in straight Class C amplifiers to the 
required power level. 
A typical system is illustrated in Fig. 37. 
In this system a sample of the fully modulated frequency-modulated 

signal is taken, and the mean frequency is compared with that of the 
fixed frequency derived from a crystal oscillator. When the two 
frequencies are identical the discriminator is designed to give zero out-
put. As soon as a difference in frequency occurs the discriminator 

RgeUE 
OSCILLATOR 

1.0. MOs 1. 92 WM 

FIG. 37.—DIRECT FREQUENCY MODULATED TRANSMITTER WITH REACTANCE 
VALVE CONTROL OF CENTRE FREQUENCY. 



6-40 RADIO AND TELEVISION REFERENCE BOOK 

IAUPD> EMPHASIS SIS 

FREQUENCY 
MODULATED 
OSCILLATOR 

54c/2 

REACTANCE 
MODULATOR 

CRYSTAL 
OSCILLATOR 

125 MN 

FREQUENCY 
MUL TIPLYING 
STAGES X NJ 

FREQUENCY 
DIVISION 

STAGES-240  

.___IFREOLIENCY 
• DIVISION 
STAGES + 
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AMPLIFIER 

Mitt-cm& 

AERiAL 

le f I 
‘08 Mcis 

•(-
4-

PHASE SHIFT 

25 UN 

BALANCED 4— 
MODULATOR .4- PHASE SHIFT 

25 kch 

FM. 38.—FREQUENCY MI.DULATED TRANSMITTER WITH MOTOR CONTROL 
OF CENTRE FREQUENCY. 

produces a D.C. bias of correct sense to reduce the difference to a 
negligible amount. 
There is, however, always a tolerance on the mean frequency deter-

mined by the stability of the quartz-crystal oscillator, which is easily 
made high enough to be disregarded, and also by the stability of the 
D.C. amplifier system. 
More accurate stabilization of the L-C oscillator is possible by the 

method shown in Fig. 38, in which the frequencies of both the L-C 
oscillator and the crystal reference are divided down to a few thousand 
cis. One of these two low-frequency signals is then applied to a 
balanced modulator direct, and the other to a second balanced 
modulator through a 90°-phase-shift network. 
The outputs of the two balanced modulators thus produce a frequency, 

at the output, that is proportional to any difference between the two 
input signals. The outputs are also in quadrature, with a cómbined 

AUDIO 
INPUT 
0— 

A.F.C. 
INPUT 

A.F.C. 
INPUT 

OUTPUT 

FIO. 39.—M ODERN VERSION OF REACTANCE-CONTROLLED OSCILLATOR 
CAPABI.E OF W IDE DEVIATION WITH Low DISTORTION. 
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40.—Besla Foam or 
" LINE " TYPE FREQUENCY 
MODULATION OSCILLATOR. 

X 
LINE 

RESONATOR 

Cs-) 

REACTANCE 
MODULATION 

vector rotation depending on whether the L-C oscillator frequency is 
above or blow the reference frequency. 

This two-phase output, suitably amplified, is utilized to drive a two. 
phase motor which controls the L-C oscillator tuning control directly. 
Accuracy of frequency control with this system is claimed to be 

limited only by the heat cycle of the crystal oven. Distortion is of the 
order of per cent and noise level in the output is 74 db below 100 per 
cent modulation. 
, A particularly interesting version of the reactance-controlled oscillator 
has recently been developed by W. L. Wright. 
A simplified diagram is shown in Fig. 39. 
In this arrangement the modulated oscillator consists of a pair of 

pentodes operating in a balanced oscillating circuit, with feedback taken 
from the anode-tuned circuit to the cathodes of the two valves through 
phase-shifting networks, which in one case gives 45° lead and in the 
other 45° lag when the mutual conductances of the two valves are equal. 

Modulating signals are applied to the two grids in phase opposition 
so that the slopes of the valves are changed differentially, one increasing 
while the other is decreasing. This causes the net phase shift to change, 
producing frequency modulation of the output. The application of 
modulating signals thus produces direct frequency modulation. The 
inductive phase-shifting network is made variable as a balancing 
control, and balance is achieved by adjusting for minimum amplitude 
modulation. Application of A.F.C. voltage to the modulator grids is 
employed. 

Centre-frequency Stability.—Less than ± 20 in 106 for ambient 
temperature 15-70° C. 

Change of Centre Frequency with Modulation.—± 5 in 10°. 
Maximum Deviation Possible over Band 88-108 Mc/s.—± 300 kcis. 
Frequency Response.—± 0.5 db 30-15,000 cis without pre:emphasis. 
Amplitude Modulation.—Less than 1 per cent. 
Noise.-- 70 db relative to 75 kc/s deviation. 
Harmonic Distortion.—Less than + per cent for 30-15,000 cis at 

100 kcis deviation. 

Inherently Stable Systems 

Probably the most simple of the inherently stable systems is provided 
by the simple line-type oscillator with reactance modulation.' 
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I DIODE  »eie0jj:ST: 

FIG. 41.—BLOCK SCHEMATIC DIAGRAM or " F.M.Q." DRIVE. 

This is illustrated in Fig. 40, and will produce ± 75 kola deviation 
with low distort:- directly at 88-108 Mc/s, with a stability dependent 
on the Q and therefore the physical dimensions of the " line ". As far 
as is known, this has not been developed to commercial standards. 
A more recent disclosure known as F.M.Q. operates by modulating 

a quartz-crystal oscillator directly!' 
The elements of this system are illustrated in Fig. 41. 
In one successful design a deviation of ± 1 part in 1,000 has been 

achieved for a susceptance change of ± 0.008 mhos by using automatic 
level control on the oscillator, which maintains the output at 1 volt 

r.m.s. 
Carrier-frequency stability is determined predominantly by the 

modulator. The achievement of a centre-frequency stability, such that 
it never deviates by more than 2 kc ¡s, calls for a high degree of stability 
of the modulation valve characteristics over their life. This problem in 
reduced considerably by the use of a balanced modulator with reason-
ably matched valves having a long linear range of g,,,/E,. The arrange-
ment in Fig. 42 has been found quite satisfactory and gives linear 
modulation. 

BALANCED 
MODULATOR 

AUDIO 
INPUT 

-I- 50 V. 

AMPLIFIER 

DEVIATION 
SF-NSITIVITY„, 

TO OSC. ("QUADRATUHe 
GRID CONDENSE 

HT 

"1" ' iS 
OSCILLATOR 
USCEPTANCE• 
TERMINALS) 

FIG. 42.—THREE-VALVE " SuscErreazcz MODULATOR " CIRCUIT. 
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In practice, an ordinary quartz crystal does not behave as a simple 
resonator but has spurious modes of resonance which may occur within 
the large spectrum used for signals. The F.M.Q. system uses a special 
type of quartz crystal in which significant spurious resonances have been 
eliminated. 

Overall, this system shows considerable economy in valves, and results 
in great operational reliability. 
Performance is adequate for high-fidelity sound broadcast, and is 

summarized below. 
Diatortion (Maximum) at 75 ¡eels Deviation.—Less than 1 per cent for 

80-15,000 c/s. 
Amplitude Modulation Noise.— 

Zero deviation: - 80 db. 
200 kc /s deviation 400 c/s: - 53 db. 

Frequency Modulation Noise.—Relative to 7b ke deviation: 
-60 db. 
Stability of Carrier.—Frequency change for deviation from 0 to 

100 kc/s : 2 in 108. 
Change over 48 hours: 12 in 108. 
Frequency response without pre-emphasis: 3 db at 15 kcia; 10 db 

at 20 kc/s. 
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FREQUENCY ALLOCATIONS FOR BROADCASTING 

TABLE I.--V.H.F./15.H.F. BROADCAST Alen TELEVISION BANDS 

Band I  
Band II • 
Band III • 
Band IV • 
Baud V • 

41-68 Mc/s. 
87.5-100 Mc/s. 
174-216 Mc/s. 
470-385 Mc/s. 
610- e0 Mc/s. 

7-3-4.4 in. 
3.4-3 m. 
1.7-1.4 m. 
64-51 cm. 
49-31 cm. 
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TABLE 2.-ATLANTIO CITY CONFERENCE ALLOCATIONS FOR 
BROADCASTING 

Band Frequency Wavelength 

Long Wave-band . 
Medium Wave-band 
Medium Wave-band 
120 m. band . . 

90 m. band . . 
75 ni. band . . 

60 m. band . 

49 m. band 
41 m. band 
31 ni. band 
25 m. band 
19 m. baud 
16 m. band 
13 m. band 
11 m. band 

150-285 kc/e. 
525-1605 kc/s. 
535-1605 to/s. 

2-300-2 4b3 Mc/s. 

3.200-3.400 
3-900-4-00 Mc/s. 

4-75-5-06 ?Acis. 
(except 4-995-
5.005 Mc/s.) 

5-950-8.200 Mc/s. 
7-100-7-300 Mc/s. 
9.500-9-775 Mc/e. 

11.700-11.975 Mc/s. 
15-10-1545 Mc/s. 
17-70-1790 Mcis. 
21-45-21-75 Mc/s. 
25-60-26-10 Mc/s. 

2000-1053 m. 
571-187 m. 
560-187 m. 

130.3-120 m. 

93-69-88-18 m. 
76-9-75-0 m. 

63-10-59-25 ni. 
(except 60-05- -

59-95 m.) 
50-39-48-36 m. 
42-23-41-07 M. 
31-56-30-70 ni. 
25-63-25 0 m. 
19-86-1940 m. 
16-94-16-75 m. 
14.00-13-79 m. 
11-71-11-49 eu. 

Area • 

Region 1. 
Region 1. 
Regions 2 and 3. 
Region 1. Regions 2 and 3. 
2-300-2.495 Mcis only. 

All Regions. 
Region 3. Region 1, S-95-

4.t) ticis only. Region 
excluded. 

All Regions. 

All Regions. 
Regions 1 and 3 only. 
All Regions. 
All Regions. 
All Regions. 
All Regions. 
All Regions. 
All Regions. 

• See Section 44, pages 20-1. 
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7. COMMUNICATION TRANSMITTERS 

Although basically the same in principle, modern radio transmitters 
diffle greatly in detail from those of a generation ago. Apart from 
improvements in size factor and durability under extreme climatic 
conditions, the changes are mostly related to the vastly increased 
number of applications and the consequent congestion of all frequency 
bands, with the resulting development of measures to avoid mutual 
interference between services. The increasing complexity of equipment 
has necessitated special attention towards convenience of operation and 
maintenance. 
The advent of transistors has made possible a spectacular reduction. 

in size and power consumption of small portable transmitters, and 
despite their present-day limitations in frequency response and ambient 
temperature ran, , they make useful err•nomies possible in the auxiliary 
circuits of larger equipments. 
The International Radio Regulation- resulting from the Atlantic 

City conference of 1947 set down limits of carrier-frequency tolerance 
for all classes of user, and additional limits are set, for example, by the 
British Post Office for equipment under their jurisdiction; these make 
mandatory for some classes the standards for sideband spread, harmonic 
radiation and the like, which are generally accepted as good practice in 
modern equipment. 
Communications tran_ :litters, although varying in size from many 

kilowatts down to units driven from dry batteries, have, nevertheless, 
many common features which are at variance with the technique of 
broadcast-transmitter design. Sound quality on telephony is; of course, 
far less important, a frequency response covering the main speech range 
of 250-3,000 cis being adequate for most purposes. The frequency 
response is often deliberately distorted, in fact, the higher speech 
frequencies being accentuated in the interests of maximum clarity. 
Harmonic.distortion of 10 per cent or even more at 90 Rer cent modula-
tion is relatively unimportant, and for equipment working off normal 
mains-supply frequency a hum level of 30 db below maximum modula-
tion is adequate. A satisfactory service may in fact be achieved with an 
aerial power sufficient only to give 10 db signal-to-noise ratio for 30 per 
cent modulation at the associated receiver. 

Microphones are generally of types designed for close working te cater 
for conditions of high background noise, and carbon microphones of the 
telephone type are still in frequent use. Frequency modulation is 
becoming popular, particularly for the smaller portable equipment 
operating on the V.H.F. bands. 

Aerials vary from a simple receiving-type wire or whip at one extreme 
to complex directional arrays at the other, but are rarely such a 
dominant feature of the installation as with broadcast equipment. 

Telegraphy, whether by continuous-wave, modulated-continuous-
wave or frequency-shift methods, is in frequent use, and sets a series of 
problems unmatched by any corresponding ones in the broadcast sphere. 

7-2 
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BASIC TRANSMITTER DESIGN 

The special requirements of various forms of communications service 
are best considered in relation to the basic sections of a primitive trans-
mitter. These consist fundamentally of a frequency generator, power 
amplifierdand modulator, together with arrangements for coupling the 
oscillator to the power amplifier and the power amplifier to the aerial, 
and means of interrupting the carrier wave for keying purposes. 

Oscillator Stage 

Single-valve oscillator circuits are shown in Figs. l-4. Fig. 1 depicts 
a tened-grid circuit, in which resistor RI serves to bias back the valve 
to the operating part of its characteristic at the onset of oscillation, by 
virtue of the flow of grid current; this will result in a Class C condition 
of operation, in common with other oscillators not limited by automatic-
gain-control. This circuit suffers from the defect that variations in 
valve input capacitance, which are most marked during the valve 
warming-up period, have a direct influence on the frequency of oscilla-
tion, particularly it the high-frequency end of the band. 

Matters are improved by reversing the positions of tuned and tickler 
windings, since valve-anode capacitance, in general, suffers far less 
variation. Further improvement is obtained by stabilizing H.T. 
voltage, e.g., with a gas discharge tube. The tuned circuit itself is 
rendered less dependent upon temperature variations by the use of low. 
expansion materials. The coil may be wound with stressed or fired-on 
silver windings on a ceramic former, or with silver-plated invar wire, 
whilst a variable capacitor of substantially zero temperature coefficient 
(5-10 parts per million per ° compared with 60-80 parts per ° C 
for normal types) can be achieved by the judicious use of nickel in the 
construction. 

Recently capacitors with compensating sections controlled by bimetal 
elements have appeared on the market, enabling a zero or a slightly 
negative temperature coefficient to be achieved, and facilitating com-
pensation for residual variations in other components. The alternative 
form of compensation, by means of ceramic capacitors of high negative 
temperature coefficient (approximately 800 parts per million per ° C.) 

'UMW 

FM. 1.--SIMPLE OSCILLATOR. Flo. 2.—D YNATRON OSCILLATOR. 
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FIG. 3.—TRANSITRON OSCILLATOR. FIG. 4.—ELECTRON -COUPLED 
OSCILLATOR. 

depends upon the selection of components free from scintillation, which 
.produces the effect of small, discontinuous jumps in frequency. 

Full compensation over the entire frequency band is, of course, not 
obtainable where tuning is effected by capacitance variation, but 
matters are considerably improved by the use of a compensating 
capacitor in series with the variable condenser, as well as one in parallel. 
High-value ceramic condensers of negative temperature coefficient can 
now readily be obtained with the necessary " flutter free" performance. 
A further source of trouble in damp climates lies in variation of 

capacitance with condensation of moisture on the capacitor vanes. It 
is now possible to obtain shaft bushings which permit rotation of the 
spindle while preserving the hermetic seal. 

Figs. 2 and 3 show circuits utilizing single coil windings, with con-
sequent simplification of coil structure. The dynatron circuit of Fig. 2, 
requiring a two-terminal inductance, functions by virtue of the negative 
resistance present in the anode characteristic of a tetrode, which is 
produced as a result of secondary emission from the anode caused by the 
high screen/anode voltage ratio. This appears effectively in shunt with 
the anode-tuned circuit of higher " dynamic resistance" QueL. The 
circuit suffers frequently from short valve life and the peed to select 
individual valves; it has declined in popularity since the development of 
alternative negative resistance circuits, such as the transitron, which 
depends upon the effect of a negatively-biased suppressor upon the 
screen impedance of a pentode valve (Fig. 3). 
The so-called electron-coupled oscillator of Fig. 4 requires a tapon 

the coil, but, with simple switching of one or more quartz crystals, it 
can be transformed easily into an effective crystal oscillator circuit.* 
Frequency stability of the order of ± 0.05 per cent may be obtained, 
with careful design, in an L—C oscillator using this circuit. 

Still less drift is given by two-valve circuits, such as the Franklin 
oscillator (Fig. 5), or the keyed twin-valve oscillator of Fig. 6, but 
modern statutory limits of frequency tolerance, coupled with arduous 
climatic requirements, have relegated the simple variable frequency 
oscillator to a subsidiary role, for stand-by and emergency use. 

• Patent No. 555.750. 



FIG. 5. —FRANKLIN OSCILLATOR. 

COMMUNICATION TRANSMITTERS 

H.F.C. 

7-

H 
.T.+ 

KEYING 
BIAS 

FIG. 6.—TWIN-VALVE KEYED 
E.C.O. 

Transistor Oscillators 

Transistor oscillators while relatively free from the initial warming-
up drift of valve circuits, are, at the present stage of development, 
inherently less stable with variations of ambient temperature. With 
light coupling to the tuned circuit, however, stabilities of the order of 
0.1 per cent are at present obtainable. Fig. 7 shows a transistor L-C 
oscillator of the Clapp type, with frequency determined by inductance L 
tuned by the capacitance of Cl, C2, and C3 in series. C2 and C3 are 
made as large as possible to reduce the effect on frequency of variations 
in transistor impedance. The transistor should, of course, be of the 
high-frequency typo, with an a-cut-off frequency several times the 
highest frequency required. 
An arrangement suitable for crystals is shown in Fig. 8. The circuit 

L2-C2 is tuned to give maximum output, which, provided that there is 
tight coupling between LI and L2, will be at the cryttal series resonant 
frequency; otherwise the frequency of oscillation will be somewhat 
displaced, the resultant crystal reactance then tuning out the let. kage 
inductance. If the crystal is one intended for parallel resonance, it 
will in addition be necessary to wire in series with it a capacitance equal 
to the specified load capacitance in order to obtain the correct frequency. 
With crystals whose series resistance iseboo high for oscillation, the 
addition of a second transistor with " grounded colleetor" connection, 

FIG. 7.—TRANSISTOR L-C OSCIL-
LATO/t. 

8.—TRANSISTOR CRYSTAL OSCIL-
LATOR. 
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FIG. 9—Two TRANSISTOR CRYS-
TAL OSCILLAT'OR. 

to give a high input impedance, will overcome this difficulty. The 
circuit is best arranged as in Fig. 9, With common emitter coupling, in 
order to dispense with the coupling winding. 

High-stability Circuits 

Present-day stability requirements can be met using variable fre-
quency sources of the additive type, which function by -mixing aim 
output of a relatively low-frequency variable-frequency oscillator 
(V.F.0.) with one or another of the harmonics of a quartz-crystal 
oscillator; using the heterodyne voltage to give an overall frequency 
accuracy, after the necessary filter circuits, of many times the accuracy 
of a corresponding V.F.O. on the same frequency. 
In a further elaboration of , this circuit the resultant frequency is 

compared with the output of a ieparate oscillator, which is automatically 
corrected by means of a motor-driven compensating capacitor driven 
from the difference frequency. This method has the advantage that no 
spurious signals originating from inadequately rejected harmonics of 
the crystal oscillator can reach the aerial; but problems of " hunting " in 
the output frequency arise unless a virtually inertialess tuning motor is 
used. 
Both these methods of frequency synthesis are, of necessity, far more 

elaborate and costly than a single variable circuit, bût can be made o 
give a frequency stability of better than ± 0.001 per cent. 

Crystal Oscillators 

With modern low-temperature coefficient cuts of crystal and no 
special precautions for stabilizing supplies, oscillators can . readily be 
made to give stabilities of ± 0-005 per cent over a wide temperature 
range. For frequencies between 2 and 15 Mc/s, it is possible to obtain 
a precision A—T cut with limits of ±0-0015 per cent over the temper-
ature range — 20° to +70° C. A stability approaching this figure is also 
obtainable from A—T overtone crystals, which °pet:ate at a frequenc_ 
()lose to the third or fifth harmonic of the fundamental frequency. For 
the frequency band 90-250 kc/s, the G—T cut is available for applications 
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where the relatively large size and increased fragility do not count as a 
disadvantage, giving a stability of about 0-0006 per cent over the rango 
0-60° C. 

Crystal Ovens 

For operation on other frequency bands, as well as for the more 
exacting requirements of single-sideband and V.H.F. transmitters, a 
frequency stability is required better than can be obtained over a wide 
temperature range with present-day crystals. These requirements are 
met by maintaining the crystal temperature substantially constant in a 
thermostatically controlled oven. Such ovens range from elaborate 
units housing a number of crystals, possibly with inner and outer 
compartments each fitted with contact thermometer, heater and 
associated relay to reduce the temperature differential to a negligible 
value over the whole ambient temperature range, down to small plug-in 
devices housing one or two crystals and fitted with a 6- or 12-volt 
heater winding controlled by a bimetal thermostat. 
The success of such small ovens depends upon the reliability of the 

thermostat; in some respects, however, design problems are easier 
than in larger ovens, owing to the generally lower thermal inertia and 
the closer thermal coupling between heater, thermostat and crystal. 
Efforts are being made to standardize the essential features (including 
base-pin connections and heater voltage) of the small plug-in ovens to 
facilitate interchangeability. Typical requirements for a unit to 
contain two style " D " crystals are: 

Heater 6/12 volts, A.C. or D.C. 
Crystal temperature, 75° ± 3° C. 
Differential, not more than 2° C. 
Warm up time, less than 10 minutes. 

With a 6-watt heater winding, it is feasible to meet these require-
ments over an ambient temperature range of — 20° to 70° C. The 
temperature differential gradually increases as the margin between 
controlled temperature and ambient temperature becomes smaller, but 
if control down to —20° C. ambient is unnecessary, can be lessened by a 
reduction of the heater voltage. 
A novel alternative 1 to oven control is a specially constructed A—T 

out crystal unit incorporating a thermistor in close proximity to the 
quartz plate. By connection of the thermistor in a suitable impedance 
network, the effective load capacitance is arranged to vary with temper-
ature by an amount sufficient to cancel out the natural frequency drift 
of the quartz element. 

Frequency Trimming 

With the reduction in rate of frequency change with ambient 
temperature, other factors, such as the initial adjustment error of the 
crystal unit, become of increased significance. It may then be 
necessary to " pull" the crystal frequency by variation of load 
capacitance from the specified standard value. The capacitance change 
needed for a given frequency change varies from one crystal to another; 
it, depends largely on the motioncl.. inductance„ which varies even 
between crystals of the same frequency and nut. Owing to variation. 
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in the dimensions of the quartz element between one manufacturer and 
another, crystals of the same cut and frequency may differ by some 3 
to 1 in motional inductance. For frequencies between 3 and 15 Mc is 
the possibility, unless the cut is stipulated in advance, of the crystals 
being either A-T or B-T increases the possible variation to about 
5 to 1. Clearly, the necessary capacitance change will also depend 
upon the total value of kad capacitance. The following tab's shom s 
the.:approximate limits likely at various frequencies, in the case of a 
load capacitance of 30 pF. 

Frequency 
(kcle) 

r".'ype of cut 

I Capacitance change for f 
quency variation of 

10 p.p.m* 
(PF) 

40- 200 
90- 250 
100- 250 
150- 500 
400- 800 

1,000-20,000 
3,000-22,000 

15,000-75,000 

5° X 0.4 - 0.8 
G-T 1.3 - 1.6 
13-T 1 - 4.2 
C-T 1.3 - 5 
E-T (Overtone) 4 - 6.2 
A-T 0.8 - 2.3 
B-T , 1-25 - 3.5 
A-T (3rd Overtone) I 7.7 -12.5 

* p.p.m. - parts per million. 

Unless adequate capacitance variation can be provided, the advice of 
the manufacturer of the particular crystals concerned should be sought. 
These notes have assumed the use of a " parallel " oscillator, i.e., with 
the crystal operating as an inductance tuned by the load capacitance 
and its own shunt capacitance in parallel. The same general considera-
tions apply, however, to " series " oscillators, which are increasingly 
popular for very low frequencies and for overtone crystals. Crystals 
inte .ded for parallel circuits can be used in series oscillators by wiring 
in series a capacitor of the standard load-capacitance value. For 
trimming, this capacitor is then adjusted in the appropriate direction. 
assisted if necessary by tuning out the " pin-to-pin " capacitance by 
means of shunt inductance. 

Further information on crystal oscillators is given in Section 44 and 
reference 2. 

Comr msation for Ageing 

Another factor of importance in close-tolerance frequency control is 
the phenomenon of ageing of the crystal unit; this can cause serious 
difficulty in the case of V.H.F. mobile and marine equipment, where 
regular frequency checks on precision measuring gear are not always 
possible. There is, as yet, no generally accepted standard for ageing 
beyond the proviso that twelve months after manufacture the crystal 
unit shall still be within the specified limits for frequency and activity. 
Where these limits have been narrowed with the help of frequency 
trimming, the drift at the end of a year may well be several times the 
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naximum tolerable value. At present, no reliable prediction is possible 
of the direction of frequency drift or of the effect of temperature or 
drive. The phenomenon is, in fact, less a reflection upon the properties 
of quartz crystals than on the extreme constancy of physical properties 
necessary for modern precision frequency control. 

Fortunately, the rate of drift nearly always becomes smaller as time 
passes; two readjustments of trimming, one when the crystal is six 
months old and a second after another twelve months, are normally 
found sufficient. In the absence of local frequency measuring ap-
paratus, it is of advantage, with mobile equipment, to calibrate the 
trimming control in terms of load-capacitance value. New or used 
crystals can then be correctly set with the exact load capacitance 
determined at a central depot. 

Buffer Stages 

Drive for the power amplifier is usually, obtained from the oscillator 
via one or more buffer amplifiers; these serve to isolate the frequency 
standard from changes of impedance in the grid circuit of the power 
amplifier consequent upon variations in its anode loading. Often the 
buffer stages are required to function also as frequency multipliers. 
Class C operation is usual, both in the interests of high efficioncy and 
fni• the production of a signal current in the anode circuit rich in har-
monics. Tetrode or pentode valves are most frequently used, for their 
high power gain as well as for stable operation when required to amplify 
at fundamental frequency. Occasionally, when gain and output 
requirements aro moderate, the anode circuit may be aperiodic, to 
simplify tuning operations and give still better isolation of the oscillator. 
For efficient frequency multiplication, when necessary, bias and 

drive aro both considerably increased, and push-pull operation is 
favoured as a means of amplifying odd harmonics. 

Power Amplifier 

• The power-amplifier stage may consist of triode, tetrode or pentode 
valves operated singly, in parallel or ih push-pull. For the higher 
powers, directly heated tungsten or thoriated tungsten cathodes are in 
use, and care must be taken te Keep heater-voltage variations within the 
closer limits required for these valves than for oxide-coated tes. 
The initial heater-current surge th.ast, in many cases, be limited 'to 
about 50 per cent in excess of the running current, by the use of current 
limiting devices, such as a supply transformer of high leakage reactance. 

Class C operation is general, with the grid circuit biased back to 
approximately twice the cut-off voltage, for maximum output with high 
efficiency. An exception is the Class B radio-frequency amplifier, used 
for distortionless amplification of a previously modulated signal, with 
critical adjustment of standing current and amplitude of drive. 

In all Class C circuits, but particularly the power amplifier, the tuned 
circuit fulfils the function of sto.ing energy during the conducting pulse 
and releasing it during the rest of the cycle. For stable operation, 
the energy 1/2 C. E' stored in the capacitor at peak voltage (E) must 
approximate to at least twice the energy dissipated per cycle. This 
corresponds to an effective " Q " in the loaded tuned circuit, expressed 
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as reactance/resistance or, approximately, volt amperes/watts ratio, 
4/r. There is no objection to exceeding this value, with corresponding 
benefit to harmonic content, apart from the increase of coil losses with 
increased circulating current. For most practical purposes, the peak 
voltage E may be taken as four-fifths of the H.T. voltage. 

In practice, with a continuously-tuned power-amplifier circuit, a 
variation of at least two to one in effective Q is permitted, to minimize 
waveband switching. This corresponds to a reactance ratio of 4: 1 
in the variable inductance or capacitor for a frequency coverage of one 
octave. 
The y i capacitances alone exceed the above values in some circum-

stances, in which case efforts are best made to tune by variation of 
inductance. With V.H.F. equipment the working Q may unavoidably 
be as high as 60, and some loss of efficiency must be tolerated. For 
trample, a popular V:H.F. double tetrode of the 40-watt °lass, rated 
at 50 watts output for an anode voltage of 500 volts, has an output 
capacitance of 7 pF. Assuming an output of 680 volts r.m.s..for putlh-
pull operation, the load impedance is 9,200 ohms; at 150 Mc/s, the 
approximate resistance/reactance ratio will be 84. Further allowance 
should be 'Miele for residual capacitance in the tuning elements or anode 
lead-offs. In a case such as this, the " line " resonant circuits some-
times favoured form little more than a convenient means of varying the 
tuned-circuit inductance. 
One of the directions of progress in this field lies in the development of 

valves with ever lower capacitance values for a given impedance or 
power rating. 
The type of double tetrode mentioned above, consisting of separate 

assomblies mounted side by si-le n one envelope, is now falling out of 
use. This is because an outpu: i-,citance of little more than 2 pF is 
achieved, with similar character' . by the latest double tetrodes of 

butterfly "-type construction. r1 those valves the elentr,Ae as-
senabl4as are spaced one on eseb cf a common cathode.. interns' 
neutralizing is provided, and the genuinely ›:yinrnetrical reristregti-m 
makes it possible largely to dispense ,vltn external decoupling. 
supply voltages are then fed through high- frequency I'es, thus 
avoiding the problems of spurious oscillations o the parallel " type 
which so often follow in the wake of routine decoupling measures ut 
these frequencies. 
The scope of transistor power amplifiers lies initially in low radio-

frequency, low power equipment. With types at present in production 
in the U.K., a power output of 3 watts at 500 kc/s is obtainable from a 
push-pull pair using a 12-volt supply, providing a power gain of some 
10 dB. The situation will doubtless improve rapid! i, however, with 
the introduction of high-frequency transistors already in production in 
the United States. 

Coupling to Aerial 

With an effective tank-circuit Q of 12 or thereabouts, the impedance 
ratio at-resonance to that at overtone frequencies is not high enough to 
give sufficiently lbw harmonic voltage across the circuit, for radiation 
purposes. Modern regulations permit a maximum radiated level of 
40 (lb below fundamental, or 200 MW (whichever is less), for individual 
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harmonics. To comply with this, it is necessary to devise an aerial. 
coupling circuit which discriminates against the higher frequencies. 
A selection of output circuits is shown in Figs. 10-14. Figs. 1.0 and 11, 

with closely-coupled inductive or direct coupling, give no harmonic 
voltage reduction in the aerial circuit other than that afforded by the 
aerial loading coil: In Fig. 11, however, loose coupling will afford a 
degree of harmonic reduction by virtue of the series leakage reactance 
thus introduced. 
The once-popular circuit of Fig. 12 is worse, since lack of tight coupling 

between turns of the coil can give rise to spurious series resonances in 
the aerial circuit, which may actually accentuate some harmonics. To 
a smaller exu,nt, this trouble can be encountered with other circuits. 
when an excessive lead inductance separates the valve anodes and the 
tank capacitor. 

Pi-Coupling 

The well-known " pi ' lter circuit of Fig. 13 gives adequate harmonic 
reduction for small transmitters, and dispenses with the need of a 

C2 

cl 

iG :.(;;DL • " OUTPU1'. FIG. 13.—" Pi " CIRCUIT. 
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FIG. 14.—WIDE-BAND RADIO-FRE-
QUENCY TRANSFORMER AERIAL 

COUPLING. 

separate aerial tuning inductance over a comparatively wide tuning 
range. This circuit can be further simplified for use with short aerials 
by omission of the second capacitor 02,. which is replaced by the aerial 
capacitance. 
A comparatively recent development for use with aerials of high Q 

factor, which in practice is inevitable on the lowest-frequency bands, is 
the use of a wide-band radio-frequency transformer to match the valve 
anode to the tuned-out impedance of the aerial (Fig. 14). The only 
tuning control in this case is the loading coil, which, with the aerial 
itself, forms the tank circuit. In one remotely controlled low-frequency 
transmitter using this arrangement all the earlier stages are aperiodically 
coupled by wide-band transformers. This extension of audio-frequency 
technique, which ,very much simplifies remote frequency changing, is 
claimed to work satisfactorily up to 500 kcis with an output of several 
kilowatts, using the best modern core materials. 
Where two valves are to be used in the power amplifier stage, push-

pull connection is advantageous in reducing even harmonics, provided 
that some form of electrostatic screening is introduced to minimize 
capacitative coupling to he output circuit. Push-pull operat ion offers 
a further advantage in easy neutralizing of residual grid-anode capaci-
tance, which is necessary even with tetrodes in the larger sizes and 
at very high frequencies; this offsets to some extent the difficulties 
of providing balanced drive and a balanced output. circuit. When 
linear amplification of a modulated signal is required, with a Class B 
(radio-frequenev) mode of operation in the power amplifier, the use of 
push-pull enables very low values of harmonic radiation to be achieved. 
For the larger installations a separate aerial-coupling unit is usually 

fitted under the aerial, and fed via a co-axial or open-wire transmission 
line. Such a unit, shown basically in Fig. 15. can be made to feed the 
aerial o .rer a wide band of frequencies. Further discrimination against 
harmonics beyond that afforded by the second (aerial) tuned circuit is 
given in this case by the increased transmission-line losses for frequencies 

LINE 
CURRENT 

* V 
AERIAL CURRENT 

FIG. 15.—SIMPLE AERIAL 
COUPLING UNIT. 
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other than resonance; the high reflection coefficient arid increased 
power dissipation at harmoruo frequencies is, however, generally 
insufficient to embarrass the transmission line. 

High-voltage Problems 

The main problem presented by the aerial-loading circuit, whether 
fitted inside the transmitter or in the form of a separate unit, lies in the 
provision of high Q inductances and switches capable of withstanding 
the very high voltages at the aerial terminal and at the same time 
capable of dissipating a substantial part of the total output power. 
Thus, with a typical short aerial at a low frequency, the resistive com-
ponent of the aerial/earth impedance might be 10 ohms and the capaci-
tive component 1,000 ohms. A power oi 100 watts would correspond 
to a current of 3-1 amperes, and the voltage at the aerial terminal would 
be 3,100 volts r.m.s. without modulation. To radiate this power when 
using a loading coil of Q factor 350, approximately 30 watts extra must 
be allowed for loading-coil loges, Even then a relatively low proportion 
is actually radiated, since thé bulk of the 10 ohms represents earth 
losses rather than radiation resistance. 
At medium frequencies rotating solenoid coils with inductance 

adjustment by a sliding roller contact (controlled by winding handle 
and counter mechanism) or fixed solenoids with rotating rollers, have 
become popular in radio-frequency output circuits; a wider range of 
adjustment, combined with considerable space saving, is possible when 
using these components with ceramic pot capacitors than was previously 
possible with fixed inductance—variable capacitance circuits. To 
ensure low contact loases under all conditions, heavy silver plating with 
a rhodium flash coat is usually considered necessary; . 
For lower frequencies, coils wound in Sections with multi-strand litz 

wire (sometimes of 243 strands or more) are necessary, tapped between 
sections and with some form of continuous adjustment such as an oil. 
filled variable capacitor. Variometere, also popular for this purpose, 
are of much more constant " Q " over their range of adjustment than 
might be expected, owing to the influence of" proximity effect" upon 
the radio-frequency resistance of the windings. 
For aerials longer than a quarter-wavelength, the tuning reactance 

takes the form of a high-voltage series-connected variable capacitor, or 
perhaps a bank of fixed ceramic capacitors in series with a variable 
inductance for fine tuning. 

Adjustment 

Transfer of power from transmitter-tank circuit to aerial-coupling 
unit is usually best effected by variable inductive coupling for balanced 
transmission lines; in the case of co-axial lines, direct connection to an 
adjustable tap on the tank coil is an alternative possibility. At the 
aerial end the line winding may be tightly coupled te the low-voltage 
end of the aerial coil, with efficient electrostatic screening in the case of 
balanced lines. Some form of turn adjustment must be provided to 
enable the correct matching impedance to be presented to the line under 
all conditions, and to facilitate this, a line voltmeter and line ammeter 
are sometimes fitted in the larger installations. Where a" rotating 
coil" type of primary windinct is gtted for this turn adjustment, this 
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must usually be carried inside the aerial coil, and precautions such as 
winding with copper strip taken to minimize eddy current losses. 

For tuning the aerial circuit, a thermoammeter is usually provided 
in series with the loading-coil earth connection, when a coupling unit is 
in use; if an ammeter is required at the high-voltage end of the coil, 
thorough shielding will be necessary, including in Most cases a wire 
gauze cover, joined to one terminal. In the smaller transmitters with 
direct aerial connection, a radio-frequency meter is frequently omitted, 
and the power-amplifier anode current loading taken as a guide to correct 
setting-up; alternatively, a small wideband transformer and rectifier-
type meter can be made to give a sufficiently reliable indication of aerial 
current up to a few Mo/s. 
Vrhen a dipole aerial is in use, coupling may be made direct from the 

power-amplifier tank circuit via a 70-ohm co-axial line, with little effect 
on loading or on radiation pattern compared with a balanced feed. It 
may also be convenient, when feeding a rhombic aerial from a small 
transmitter, to use co-axial output and perform the transformation to a 
balanced 600-ohm feeder by means of a timed line transform& or an 
aperiodic wideband transformer fitted at some convenient spot. 

Modulation 

On telephony, amplitude modulation is predominant lip all but the 
V.H.F. bands. 
Anode modulation is most commonly used, since it combines ease of 

setting-up with relatively low audio distortion at high modulation levels. 
Where the screens of tetrode valves are supplied via a voltage-dropping 
resistance from the anode supply, the dropper may simply 1. fed from 
the full modulating voltage; a peak voltage of somewhat less than the 
anode H.T. will give 100 per cent modulation in most cases. In the 
case of some valves the screen dropper may be returned to the un-
modulated supply without detriment. With larger valves, where a 
fixed-voltage screen supply is in use, a separate winding furnishing the 
appropriate proportion of the full audio voltage is usual; in many cases, 
however, it is found possible to modulate fully, with low distortion, by 
inserting a choke in the screen supply and modulating only the anode. 

In all cases care must be taken to ensure that adequate reserves of 
cathode emission and of radio-frequency grid drive are available. The 
cathode bias resistance, if employed, must be de-coupled down to the 
lowest modulation frequencies. The tank circuit blocking capacitor 
appears in shunt across the modulator output winding and may give 
rise to problems at the highest audio frequencies. 

In transmitters of 500 watts and above, anode modulation may be 
applied to the radio-frequency driver stage, and the power amplifier 
stage run as a Class B radio-frequency amplifier. In practice, to avoid 
excessive audio distortion, the power-amplifier grid bias must be set to 
give an appreciable standing current, in the absence of the carrier, and 
the degree of radio-frequency drive carefully controlled. Complica-
tions arise with power-amplifier valves which are driven positive at 
peaks of modulation, in which case the resultant grid current necessitates 
a driver stage of the requisite good regulation. In the larger equipments 
stability of operation becomes a major problem under Class B conditions. 

Suppressor grid modulation is popular in the smallest equipments, 
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specially designed valves, such as the Philips PEI / 100, enablo 
90 ler cent modulation to be obtained with relatively low distortion 
by application of an audio voltage to the biased-back suppressor grid. 
Setting up is simplified, since the valve is run in the Class C mode, 
without drive adjustments. Since the peak of modulation occurs at 
ter° suppressor volts, there is no appreciable suppressor-grid current, 
and virtually no power is required for modulation. 

Fully transistorized modulators are practicable for anode modulation 
of low-power transmitters, and afford valuable economies where 
batteries are the source of supply Fig. 16 shows a modulator suitable 
for a 30-watt transmitter, using four 12-volt power transistors in a 
Class B bridge amplifier circuit with 'a 24-volt supply. A single 
transistor of the same pattern is used as a Class A driver, while the 
preceding stages provide microphone amplification with voice-operatad 
gain adjustment (VOGAD). An A.F. output of 20 watts is obtainable 
with 5 per cent total harmonic distortion, for a peak current in the 
output transistors of 2 amps. If the H.T. for the accompanying valve. 
operated transmitter P.A. stage is obtained from a transistor D.C. 
converter, the overall power consumption can be reduced to well under 
half that of former equipment of the same output. Protection against 
accidental reversal of supply is essential in such circuits. 

Keying 
For most communications purposes, hand-speed keying at speeds of 

up to 40 words per minute is adequate, and is often used as a stand-by 
to telephony service under adverse conditions. Examination of the 
Morse characters for the typical word " Paris " will reveal that tho dot 
length for 40 words per minute is approximately 30 milliseconds. 
Difficulty is frequently encountered in persuading relays and crystals 
to follow at this speed without serious clipping. Evan for lower-speed 
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keying, the less-skilled operators themselves tend to clip dots to about 
this value, and it is essential for reliable service that comparable clipping 
should not occur in the transmitter. 
A number of refinements are essential in the basically simple technique 

of interrupting supplies to the oscillatory circuit before present-day 
requirements are met. First, with a variable-frequency oscillator, 
some chanke of frequency during the pulse is inevitable if the oscillator 
stage itself is keyed. This manifests itself as a warble in the note 
heard in the receiver, and is increasingly troublesome at higher radio 
frequencies. Secondly, some rounding-off of the pulse is necessary in 
order to avoid transients and excessive sideband spread as a result; 
this is sometimes achieved -by the use of inductive and capacitative 
elements in the circuit of the keying relay contacts, and by the judicious 
employment of the modulation transformer inductance in transmitters. 
with telephony facilities. Furthermore, direct interCerence with 
adjacent receivers due to sparking at key or relay contacts must be 
avoided by means of suitable radio-frequenoy suppression. 
A further source of interference .with local reception when buffer 

keying is in use lies in direct pick-up from the oscillator under " key-
up " conditions, due to incomplete shielding of this stage. Screening 
of the necessary degree of perfection is difficult to achieve on a produc-
tion basis, and wherever possible oscillator keying is favoured in the 
smaller equipments. 

Quartz-crystal oscillators are relatively free from the " chirrup " 
mentioned above, but in some cases aro reluctant to start with the 
necessary promptness; while circuit conditions have some influence, 
the position is somewhat obscure, since two crystals which otherwise 
appear identical may differ greatly in keying aptitude. When specify-
ing crystals for this purpose, it is usual to stipulate the keying speed. 
A further trouble, frequently encountered in low-frequency circuits, is a 
tendency for oscillations to decay at too slow a rate when the key is 
lifted, owing to the high Q of the crystal; this does not prevent the valve 
from responding to keying, but may embarrass the local receiver if 
" listening through" facilities are in use. The tendency to " ring " 
may be overcome by heavy resistive damping of the crystal, preferably 
applied only at " key up ". 
The modern tendency is to avoid crystal keying despite me elaborate 

screening then necessary to avoid the radiation from affecting the local 
receiver. The lower amplitudes of drive which are demanded by 
modern plated crystals, particularly when improved frequency stability 
is required, help to reduce radiation. 
With an H.T. supply that is inductively smoothed and only lightly 

loaded at " key up", damped oscillations are likely in the smoothing 
system, with a resulting adverse effect on the shape of the radiated 
characters. 
To conserve the relay contacts, it is preferable to key at a point of 

relatively high impedance and low voltage, usually in a grid circuit. 
In addition, since the guaranteed relay life of perhaps a few million 
operations may be reached after quite a short period of service on 
telegraphy, the keying relay is, where possible, made a plug-in item. 

In many small equipments, however, the permissible dissipation of the 
power-amplifier valve or valves would be exceeded by the mere removal 
of drive, on account of the use of grid-leak bias in this stage and/or 
the employment of a series resistor in the H.T. line for screen feed. In 
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this case, both oscillator (or buffer) and power-amplifier stages may be 
keyed simultaneously, if necessary through the grids or screens of both 
stages. Alternatively, a resistance in the negative H.T. line may be 
keyed to provide a biasing-off voltage for the requisite valves. These 
methods are preferable to the once-popular method of opening the valve. 
cathode connection, where there is danger of breaking down the cathode. 
heater insulation before the cut-off voltage is reached. 
Relays of sufficiently high rating for these purposes and capable of 

keying at 40 words per minute are readily available. 

" Listening Through" (Break-in) 

A more difficult application is the combining of " listening through" 
facilities with the use of a common aerial for transmission and reception. 
" Listening through ", or " break-in" as it is sometimes known, enables 
the operator to receive incoming signals between the characters of his 
own message, and allows the distant operator to break in immediately 
clarification is wanted, often avoiding repetition of the entire message. 
Separate aerials are used for this purpose in the higher-power stations, 
and the difficulties are chiefly confined to avoidance of back wave and 
.of excessive key clicks in the receiver. Where an aerial changeover 
relay is needed, a type must be chosen with a contact assembly of low 
inertia, combined with high-voltage insulation and large current-carrying 
capacity. This necessitates a correspondingly large coil and an efficient 
magnetic circuit. The relatively high inductance may then result in 
delayed current build-up in the coil, sufficient to slow down closure of 
the contacts, unless additional series resistance is included to reduce the 
time constant. 

Typical Keying Circuit 

The circuit of Fig. 17 illustrates these various points. With this 
arrangement a high- frequency transmitter of the 50-watt class is 
operated with an associated receiver, using a high-voltage, low-loss 
" type 3,000" aerial changeover relay Xl. The -relay inductance and 
resistance are approximately 35 henrys and 1,000 ohms respectively, 
giving a time constant LIR of 35 milliseconds. Series resistor RI, fed 
from the 500-volt H.T. supply, reduces the overall time constant to 
4 milliseconds; to this is added a further 4-5 milliseconds, before 
contact closure, due to inertia in the moving parts. Use of a back 
contact on the key enables the keying " mark " to bo anticipated 
slightly, thus reducing the delay. 
The transmitter radio-frequency contacts are protected from sparking 

by energizing the keying relay X2 via the second set of contacts on XI, 
whilst, on lifting of the key, relay X2 (of the light-duty, high-speed type) 
interrupts the carrier before X1 drops out. The remaining contacts on 
X1 enable the receiver to be suitably desensitized to give side tone at 
" mark " by direct reception of the transmitted carrier. Change of 
resistor R2 enables this drop-out time to be controlled up to 120 milli-
seconds approximately, since the degret. of damping of the coil influences 
the rate of collapse of the magnetic flux. This gives choice of receiver 
recovery time and permits " break in" at 40 words per minute between 
letters or between words, as desired. 

Components R3, Li, CI are fitted to smooth out the transients at 
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beginning and end of the keyed impulse, and 02, R4 serve to suppress 
radio-frequency interference due to sparking at the key contacts. 

Since common-frequency working is usual on Al telegraphy, the aerial 
changeover contacts aro situated at the baso of the loading coil, thus 
minimizing the voltage stress, and the receiver is fed at low anpe 
from the tuned-out aerial circuit. 
Modulated C.W. (A2) is less commonly used, but is still popular in 

marine applications. Design problems are eased if the audio-frequency 
signal is interrupted at the same rate as the radio- frt)quency keying 
impulses, enabling momentary evermodulation, durmg carrier build-up 
and decay, to be avoided. A high-power aadio oscillator directly 
modulating the power-amplifier stage is in favour nowadays, except 
for high-power transmitters, particularly where no telephony operation 
is required; where a telephony-type modulator stage is in use, measures 
may be needed to avoid excessive rounding off of the keyed pulse, due 
to the 'inductance of the modulation transformer. 
For some A2 applications, notably V.H.F. telegraphy, the tone only 

is keyed, with a continuous carrier. This avoids the difficulty of 
fluctuations in carrier frequency, which become more severe the higher 
the frequency, and permits the use of full automatic-gain-control in 
the receiver. 

Components and Finish 
The need for transmitters to operate under arduous alimatic condi-

tions and to withstand rough handlinç without ill effect has led to radical 
changes in component de,s.gn. With these changes has come the 
evolution of generally accepted performance standards, and the develop-
ment of suitable humidity chambers and vibration tables for accelerated 
life tests, both of components and of complete equipmon,s 
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In this country the Radio Components Standardization Committee, 
wising out of the earliei Inter-Services Component Committee. has issued 
a comprehensive series of Guides, List and Specifications for various 
types of component for Service use, all subject to' continuous review. 
A thorough system of type-approval testing to the specified climatic 
and durability requirements enables the quality of various component 
manufacturers' products to be certified. Later specifications on some-
what parallel lines, issued by the Radio Industry Council and British 
Standards Institution, recognize the need for classes of less-elaborate 
components suitable for more temperate conditions. 
The requirements of the services are dealt with in their latest form 

by the Defence Specifications, published by H.M.S.°. The ultimate 
aim is to issue comprehensive British Standards covering also com-
ponents for general applications, with guidance on their use. 

Humidity Protection 

For many purposes. the use of wax impregnation of small coils and 
capaeitord gives sufficient protection, withstanding two or three cycles of 
heat and cold at 100 per cent relative humidity without ill effect, 
provided that the impregnation is thorough and flawless. Other 
varnishes giving similar protection are often preferred, on account 
of the tendency of some waxes to encourage mould growth. In some 
instances the impregnation is followed by treatment with an enveloping 
medium for added protection. Many varnishes have the effect of 
increasing coil losses at radio frequencies; the use of solutions of 
polystyrene is without ill effect, but does not always give lasting protec-
tion on account of its tendency to craze. For some components, such 
9,s transformers, not used at radio frequency, a bitúminous compound 
is often used as the enveloper to follow vacuum impregnation. 

These relatively simple methods of protection are sufficient even for 
tropical climates, where the apparatus is stored and worked on sites 
with reasonable air conditioning. Tho subsequent development of 
silvered ceramic terminals, however, has facilitated the development of 
fully sealed components, suitable for extreme conditions of heat and 
humidity. Early transferners and chokes of this class were con-
siderably more bulky than their open counterparts, largely on account 
of inferior ventilation. With the development of " C" cores, built up 
from laminated, grain-oriented, silicon iron, however, the permissible 
magnetic flux density has considerably increased; as a result, a complete 
range of fully sealed transformers no bigger than earlier open types is 
now available. Such transformers are filled with oil or dry nitrogen, or 
sometimes evacuated before sealing. Whilst the permeability of the 
" C " core material is very high compared with normal silicon iron, the 
residual air gap between core halves, despite grinding to close tolerances, 
limits the effective permeability in the smaller sizes; consequently, 
interleaved laminations of conventional types, using nickel—iron alloys, 
are still employed for such items as audio input transformers, mounted 
and sealed in the standard " C " core case. 
A substantial item in the price of a " C " core transformer is the very 

high cost of the terminal bushes, and difficulties are sometimes en-
countered in production and in the field owing to leakage of air and oil 
seals; consequently, a type of open " C " core construction has recently 
bcen developed, with attempts to achieve full climatic protection by 
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processing with solventless varnishes. While such processes were 
initially very costly and of somewhat uncertain effectiveness, it is now 
possible to make a substantial saving compared with the enclosed type, 
for virtually ecetal protection. A still more recent development in 
transformers is the use of the resin-cast technique to give a completely 
potted assembly at relatively low cost. 
Paper capacitors are now available in hermetically sealed cases 

employing spbcial dielectric irnpregriants suitable for use at 100° C. 

FIG, 18.—A MEDIUM-POWER TRANSMITTER, GIVING 
750 W ATTS ON C.W . AND 500 W ATTS CARRIER ON 
M.C.W . OR TELEPHONY, IN TRE BANDS 1 37-550 

keiS OR 2-25 Mc/s. 

(Redifon Ltd.) 

For the smaller values, a complete range of metal-clad tubular capacitors 
is made for the same temperature rating; these include compact and 
high-capacitance electrolytic types. Ceramic capacitors are available, 
wax-dipped or enclosed in a protective outer ceramic tube, while the 
larger transmitting-type ceramic capacitors rely for protection on their 
non-tracking qualities and the expulsion of surface moisture through the 
heat generated in normal use. The ceramic type of variable trimmer 
has, however, fallen largely into disuse, owing to the tendency to trap 
moisture by capillary action. To replace these, there is available a 
solid dielectric trimmer with an effective seal on'the screw adjustment. 

Wire-wound resistors nowadays are protected by vitreous-enamelled 
or lacquered coatings, depending on rating and tolerance, and in the 
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larger sizes are fitted in clips for easy replacement. The vitreous 
surface is not entirely moisture-proof, partly owing to a tendency to 
craze, and trouble is sometimes experienced when running at very low 
loading, owing to electrolytic corrosion of the wire by trapped moisture. 
At normal rating such moisture would be driven off by heat before 
• damage occurred. Silicone-protected wire-wound resistors, now avail-
able, are claimed to be more impervious to moisture. Carbon-composi-
tion resistors are usually of the ceramic-enclosed type in the smaller 
values, with carbon-film types used for high stability and higher wattage 
ratings; the tendency is for a very slow but continuous increase in 
resistivity with use. 
In the main structure of equipments, corrosion, where encountered, 

is 'found to be largely electrolytic in origin; it is good practice to keep 
" contact potential' low by avoiding juxtaposition of unprotected 
metals whose potential differences in sea-water, referred to a calomel 
electrode, differ by more than 0-5 volte. This entails, for instance, the 
use of tin or chromium, rather than nickel, as a protective coating for 
brass in contact with cadmium plate or aluminium. Steel itself is 
likely to be zinc- or cadmium-plated, or else paseivated before painting, 
whilst special alloys of aluminium are available for use under tropical 
conditions. 
When steel is to be left unpainted, as in chassis contruction, the usual 

finish is cadmium plate followed by passivation, since unprotected 
cadmium is itself liable to rust after a short period. 
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SINGLE-SIDEBAND TRABSKITPERS 

The requirements of the transmitting equipment for long-distance, 
fixed-service, radio-telephony are maximum useful output power per 
unit capital cost and unit running cost, minimum occupied band-vhdth 
per intelligence channel in the radiated emission and high linearity so 
as to minimize lose of intelligibility due to distortion (and consequent 
cross-talk between channels in multi-channel operation). 
These requirements are met by single-sideband operation. The 

basic type of emission is designated A.3a (S.S.B.), comprising a low-level 
pilot carrier, together with a single sideband containing the intelligence. 
A substantial increase in effective radiated power results as compared 
with, conventional amplitude or double sideband, which is designated 
A.3 (D.S.B.). The two types of emission are compared in Table 1, 
based on equal total sideband power, as this condition gives equal re-
ceived signal-to-noise ratio in appropriate receiver band-widths. 
Thus an S.S.B. transmitter rated at 1 kW peak envelope power output 

(P.E.P.) will give the same received signal-to-noise ratio in half tne band-
width required for D.S.B. operation at a D.S.B. carrier power of 2kW. 
Or again, for equal transmitter peak envelope powers, S.S.B. will give 
9 db better signal-to-noise ratio at the receiver and occupy half the 
bandwidth. 
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TABLE I.—COMPARISON BETWEEN DOTIBLI› AND SINGLE•RIDEBAND 
OPERATION 

Characteristic 

Sideband power, kW . . . . 
D.S.B. transmitter carrier power, kW . 
Transmitter peak envelope power, kW . . 
Transmitter final radio-frequency stage valve 

emission in arbitrary units . . . 
Transmitter peak radio-frequency voltage at 

output stage in arbitrary units . . . 
Transmitter final radio-frequency stage anode 

dissipation in kW for sideband power of 1 kW 
(corresponding to 100 per lent modulation) . 

Anode dissipation in kW for 0 per cent modula-

Approximate total power in kW taken from 
mains for sideband power of 1 kW . 

Receiver output power (arbitrary units) . 
Receiver band-width (arbitrary units) . . 
Receiver noise power output (arbitrary units) . 
Receiver signal-to-noise power ratio (arbitrary 
units) . . . . . . . 

Receiver signal-to-noise power ratio if an S.S.B. 
receiver is used to receive one sideband of the 
D.S.B. transmission . 

D.S.B. S.S.B. 

1 1 
2 
8 1 

4 * 1 

2.8 1 

1-5 1 

1 0.25 

10 3 
2 1 
2 1 
2 1 

1 1 

0-5 

* D.S.B. high-level modulation of Class 0 Power Amp. 

A logical development from the basic S.S.B. emission is Independent 
Sideband operation designated as A.3b (I.S.B.), whereby a second, but 
completely independent, sidpband is also associated with the same pilot 
carrier and radiated on the opposite side of it. Further intelligence 
channels are handled in the second sideband, and cross modulation, 
which would show itself as in cross-talk is minimized by carefully main-. 
taking 1; learity of amplification throughout the transmitter. 
Modern transmitters in this class consist of two main parts.. These 

are: 
(a) Drive Unit generating the required type of emission at low. 

power level and at a fixed frequency. 
(b) Frequency Translator and linear Power Amplifier. 

In the foreseeable future frequency stability will be so greatly im-
proved, both in transmitters and receivers, that it will no longer be 
necessary to transmit a pilot carrier, A.F.C. being rendered superfluous. 

Drive Unit 
In the drive unit the S.S.B. or I.S.B. emission is generated at relatively 

low frequency (usually 100 kcis or less); using balanced modulators and 
crystal lattice filters. The carrier frequency is balanced ont in the modu-
lator circuit and later reinserted at the desired predetermined low level 
to be radiated and act as a pilot for automatic-frequency-control and 
automatic-gain-control purposes in the receiver. 
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A typical balanced-modulator circuit is shown in Fig. 19, ln this 
circuit provision is made for adjustment of the balance after a change of 
valves, etc., but it is usual practice to include a narrow band stop crystal 
filter following the modulator completely to eliminate the carrier 
frequency, thus rendering the circuit independent of component drift, etc., 
whirh would upset the balance. By using a low frequency such as 100 
ke/s, there is no deficulty in suppressing one sideband of the modulation 
process whilst allowing the other sideband to pass through with low 
attenuation. For I.S.B. operation two balanced modulators are provi-
ded. One balanced modulator in association with a band-pass filter pass. 

A.F. • 
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Pia. 21.—D.S.12 4 KW 
Picas Powza Ta..kus-
!UTTER. 

(Standard Telephone. and 
Cables Ltd.) 

ing 100.1-106 lic/s furnishes the upper sideband (U.S.B.), and the other, 
in association with a band-pass filter, passing 94-99-9 kc /a furnishes the 
lower sideband (L.S.B.). A block schematic diagram showing the general 
arrangement of a typical drive unit is shown in Fig. 20. At this stage the 
two separate single sidebands are combined by means of a hybrid coil, 
and then the pilot carrier is added by means of a further hybrid coil. 
This results in an I.S.B. emission centred-on 100 kc/s, which as a whole 
is then translated to an intermediate radio-frequency, usually between 
1.5 and 3.5 Mc /s according to particular requirements: 3.1 Mc /a is a 
widely used and popular figure for this intermediate frequency. Filtering 
and amplification take place at the intermediate frequency (3.1 Mc /a), 
care being taken to maintain high linearity. The output power from 
the drive unit is usually between and watt. 

Frequency Translator and Power Amplifier 

The second main part of the equipmer4; is the transmitter proper, 
which starts off wit'i a frequency translator stage or mixer. Here again, 
a balanced-modulator circuit is often use for convenience. The S.S.B. or 
I.S.B. signal from the drive unit at 3-1 Mc/s is mixed with a frequency 
furnished by a suitable beating oscillator (usually crystal controlled) 
to give the required working or radiated frequency. Radiated frequen-
cies below 10 Mc/s are obtained as lower sideband of this mixing process, 
i.e., F, = F0 - 3.1 Mc/s: radiated frequencies above 10 Mc /s are 
obtained as upper sideband, i.e., F, 3.1 Mc/s. 

This practice enables the overall range of the beating oscillator to be 
minimized. Its range can be further minimized by arranging to ," ,uble 
and quadruple the basic oscillator frequency for parts of the band. A 
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definite lower limit to the radiated frequency range is set by the choice 
of the intermediate frequency, e.g.' for an intermediate frequency of 
3.1 Mc /s the lower limit of radipted frequency is about 4 Mc/s. To 
extend lower than this a lower value of intermediate frequency must be 
adopted, e.g., with an intermediate frequency of 2.1 Mc /s radiated 
frequencies down to 2.5 Mc /s can be obomed. 

It is necessary to provide severai tuned circuits tuned to the final 
radiated frequency, so as to rejaut all the unwanted products of the 
frequency translation process. The frequency changer stage itself has 
to be carefully designed to eliminate coincidence beata (i.e., 3.1, 6.2, 
9.3 Mcis . . • ). 

Following the frequency translation stage are several stages of radio. 
frequency amplification all at the final radiated frequency. These 
stages can be operated class A or class AB, ate the final stage is usually. 
worked closely approaching class B in order to get the highest possible 
efficiency consistent with linearity. Sometimes arrangements are made 
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Fla. 24.—D.S.13. 40-KW PEAK POWER TRANSMITTER AND A1406/A1407 
I.S.B. DRIVE AND MONITORING EQUIPMENT. 

(Standard Telephones and Cables Ltd.) 

for switching in additional grid-bias voltage to reach class C operation 
where the transmitter ratty be required to be operated on telegraphy 
service instead of telephony, 

R .P. Negative Feedback 

In orde- to maintain high linearity at the same time as high efficiency, 
radio-frequency negative feedback can be applied to transmitters of this 
type with considerable advantage A transmitter capable bf giving 2 kW 
P.E.P. with an acceptably low degree of distortion on S.S.B. or I.S.B. 
operation will give some 4-5 kW P.E.P. at the same distortion figure 
with 12 db of negative feedback applied. 

Fig. 21 shows an example of a modern transmitter rated at 4 kW 
P.E.P. in which radio-frequency negative feedback is used. 
The application of negative feedback at radio-frequency is a little 

more complicated than at lower frequencies, and with the particular 
class of transmitter under discussion there is the further difficulty that 
the input frequency is different from the output frequency. There has 
thus to be a frequency change in the feedback path. The output 
frequency may be, for instance, anything between 4 and 28 Me is; where-
as the input frequency to the transmitter from its drive unit is fixed at 
3.1 Me/s. In practice, the same beating oscillator which is used for the 
frequency translation in the forward direction is also used for the 
frequency change in the negative feedback path. In this way frequency 
errors are eliminated, but it is still necessary to adjust the phase, as 
with a relatively small change in circuit constants the feedback could 
become positive instead of negative. A typical block schematic diagram 
of a transmitter using negative feedback is given in Fig. 22. 

Another useful arrangement is to employ a grounded-grid circuit in the 
final amplifier stage. This•gives an inherent negative feedback effect, 
and, provided not too great a stage-gain is attempted, i.e., provided 
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adequate drive is available from the penultimate stage, high linearity 
results. A typical circuit of a grounded-grid amplifier stage is given in 
Fig. 23. Fig. 24 shows an installed 40 kW peak power transmitter 
together with two I.S.B. drive units and monitors. 
To simplify the tuning and adjustment of these transmitters, it is 

modern practice to gang as many stages as possible and to calibrate the 
common control directly in frequency. To achieve this, mechanical 
rigidity and accuracy of the component parts and tuning elements are 
essential, and electrical trimmers of thç pre-set type are fitted to obtain 
accurate alignment over the whole of the frequency range. This tech-
nique lends itself to motor-controlled tuning; and in certain modern 
applications remotely controlled tuning covering up to, say, ten spot 
frequencies is provided. Where this is done, it is usual to multiply 
up the number of frequency-translator stages correspondingly, i.e., 
provide ten of these also, each one being selected as required by a low-
loss radio-frequency contactor system. 

• 
Monitoring Equipment 

With this class of radio transmitter it is important that the linearity 
of operation should be maintained over long periods. To facilitate this, 
relatively elaborate monitoring equipment is usually provided in associ-
ation with the S.S,B. or I.S.B. drive unit. At this point the method of 
rating the power output of single-sideband transmitters should be 
explained. 
As already indicated in the table of comparison between S.S.B. and 

D.S.B., the power output of an S.S.B. transmitter is normally stated as 
the peak envelope power (P.E.P.). This is the r.m.s. power reached at 
a peak of modulation, and coupled with it the permissible distortion has 
to be stated. The distortion is expressed in terms of thelevel of a par-
ticular cross-modulation product, or products, resulting from the 
application of two equal test tones at levels such that when they swing 
in phase the peak envelope power of the transmitter is just reached. 
This test is known as the two-tone test. In practice, the procedure for 
carrying out this test is as follows. . 
The monitoring equipment contains two audio-frequency oscillators 

which provide the two test tones. Widely used tone frequencies are 
1,775 and 1,100 c/s. These are applied to one sideband of the I.S.B. 
drive unit, which in turn drives the radio transmitter working into a 
dummy aerial load. A portion of the output from the radio transmitter 
is picked off and taken to a monitoring receiver which demodulates it in 
stages, first to the intermediate frequency (e.g., 31 Mo/s), then to 100 
kc/s and finally to audio-frequency. The output of the monitoring 
receiver will contain not only the original two test tones but also cross-
modulation products such as the third-order product 2f,-A, the fifth-
order product 3f1-2h, etc. By means of a narrow filter the third-order. 
Product is picked out and its level measured in comparison with the 
level of one of the test tones,. using a volume indicator and calibrated 
attenuator. 

In the past, a widely accepted standard of distortion measured in this 
way was for the third-order product to be —28 db relative to the level of 
test tone, but with the introduction of multi-channel operation on S.S.B. 
and I.S.B. it has become necessary to improve on this standard. Modern 
transmitters for this service require to meet a distortion figure of approxi-
mately — 36 db relative to test tone. 
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As has been stated, the levels of the test tones are equal and such that 
when they add in phase the peak envelope power of the transmitter is 
just . eached. This means that the level of each tone is —6 db relative 
to the peak envelope power. Therefore the distortion standard can 
equally well be quoted as — 42 db relative to peak envelope power. 

Measurement o! Power Output 

A word Or two should be given concerning the measurement of the out-
put power in the dummy aerial 1pad. Perhaps the easiest method is to 
cause the dummy aerial load to heat either a flowing column of air or a 
flowing column of water. The temperature lise along the column is 
measured, and with a knowledge of the rate of flow the r.m.s. power can 
be easily calculated. • The r.m.s. power figure obtained in this way is 
then multiplied by 2 te give the peak envelope power figure. Other 
methods are sometimes used, such as removing one of the test tones, 
measuring the r.m.s. power in the aerial load and then multiplying by 4, 
or again, measuring the output power as the product of current times 
voltage in the load, use being made of a cathode-ray oscilloscope to 
measure the -peak voltage. The former of these alternative methods 
gives a rather optimistic answer, and the latter of the two methods a 
rather pessimistic answer. Care must be taken when discussing the 
performance of a single-sideband transmitter to have a clear under-
standing of the method which will be used for testing. 

Pilot Carrier Level 
Monitoring equipment c.,n also incorporate means for measuring the 

level of the pilot carrier an constancy with variation in modulation. 
With the aid of additional •••• :rnal test gear-measurements of noise in 
each sideband can also be .nade. Such noise figures are usually ex-
pressed in db below the peak envelope power or below the pilot carrier 
level. 

Multi-Channel Operation 

In the early days of the use of S.S.B. and I.S.B., the non-linearity 
of the available transmitters was such that there was serious danger of 
cross-talk when two intelligence channels were handled simultaneously. 
To reduce this trouble it became common practice to displace the 
intelligence channel in one sideband by a few thousand cycles. This 
practice could result in a reduction in croas-talk of between 5 and 10 db. 
However, such a practice was obviously very wasteful in band-width 
occupied by the emission. With the greatly improved linearity now 
available from modern transmitters it is possible to package intelligence 
channels adjacent to one another throughout the available band-width 
of the emission. Care, however, has to be taken to ensure that the peak 
envelope power of the transmitter is not exceeded due to the addition in 
phase of two or more of the intelligence channels. 
Where it is a question of telephone channels only, it is not found 

necessary to reduce the level of each channel by the full anticipated 
amount, because of the diversity factor as between the various telephone 
conversations taking place. Thus, four simultaneous telephone channels 
may be handled by one I.S.B. radio transmitter, and the levels set so 
that each of the four telephone channels can in turn peak up nearly to 
the full peak envelope power rating. 
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Where it is a case of voice-frequency telegraphy only, i.e., the appli-
cation to one sideband of a complete system of voice frequency tones, 
then there is no corresponding diversity factor, and the level of each tone 
is determined by the total number of simultaneous tones, e.g., for two 
telegraph channels the level of each is set at about 6db below the P.E.P. 
In these considerations the telegraph channels referred to are assumed 
to be frequency modulated (or two-tone). For four telegraph channels 
the level of each tone is set — 12 db relative to the P.E.P., etc. Oper-
ation with mixtures of telephone and telegraph channels is also fairly 
common practice, and this introduces yet another factor. It is well 
established that the signal-to-noise ratio necessary for satisfactory 
operation of such a telegraph channel is some 12 db lower than that 
required for commercial quality telephony. Thus it is not necessary to 
transmit the tones of the telegraph channels in a mixed system at a very 
high level. A further reason for keeping the level low is to minimize-the 
danger of cross-talk from the telegraph tones into the associated tele-
phone channels. As an example, if four telegraph channels are handled 
in a mixed system associated with telephone channels, the level of each 
telegraph tone might be set at about — 18 db relative to P.E.P. 
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Smaller Single-sideband Transmitters 

Single-sideband operation is also found of advantage in the smaller 
transportable class of transmitters, effecting valuable economies in 
size and power consumption for a given range, particularly if the 
S.S.B. generator is kept as simple as possible. One system of S.S.B. 
generation in a compact unit is the filter method, using crystal net-
works or mechanical filters; another is the phasing system in which 
R.F. and A.F. signals are subjected to a 90° phase shift. An entirely 
new system, introduced recently, is known as The Third Method-
which can provide a relatively simple and compact generator, 
particularly when transistors are used in the amplifier and power-
supply stages. 

This method, using four balanced modulators, enables simple low-
pass filters of moderate stability to be used instead of the bulky and 
elaborate sideband filters and carrier step circuits found in larger 
commercial units. The intelligence is mixed in two separate balanced 
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modulators with a continuous signal o. the -flean audio frequency (e.g., 
1.650 cis) from an A.F. oscillator; reactance are employed to advance 
the phase of the oscillator signal by 45° in the first case, and retard it 
by 46° in the second case. In each case, the balanced modulator out-
put, an unintelligible mixture of normal and inverted components, is 
passed through a low-pass filter to remove the addition products; then 
fed, in each case, to a further balanceti modulator, where it is mixed 
with the output of an R.F. oscillator of the appropriate frequency. 
The signal from this oscillator is also advanced in phase by 45° in the 
first case and retarded by 450 in the other. On combining the resultant 
signals, half of the components cancel, the other components reinforc-
ing each other as a single-sideband carrier-suppressed R.F. output. 
Reversing one-half of the connections to the combining unit will 
result in an output of lower, instead of upper-sideband form. The 
" appropriate " R.F. oscillator frequency mentioned above is not the 
R.F., of which the upper or lower sideband is reqtrired, but is displaced 
down or up from it by the mean audio-frequency. In the above case, 
for instance, the appropriate oscillator frequency for a 465-kc/s lower 
sideband output would be 463.35 kc/s. For this type of radio-telephone 
equipment this may be a most convenient frequency at which to geperate 
the single-sideband output; particularly when it includes a. spot 
frequency receiver with a 485 kc/s I.F. This is because the oscillator 
crystal for each channel in the receiver can often be used in generating 
the transmitter signal for that particular channel. Where, as is usual, 
the receiver local oscillator is 465 kc/s higher than the signal frequency, 
the R.F. mixer in the transmitter generator will produce an upper 
sideband output. The phase and frequency relationships in this 
system are shown in Fie. 25. 
The relative simplicity of the A.F. low-pass filters can be judged 

from the fact that the lowest unwanted frequency, with an audio band-
width of 300 — 3,300 c/s, is 300 ± 1,650 cis -= 1,950 cis; while the 
highest wanted frequency is 3,300 — 1,650 = 1,650 c/s. 
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The additional number of balanced modulators, which can be of the 
simple " ring modulator" type, is a small price to pay for this 
simplification particularly since the same components can be used in 
the corresponding receiving circuit. 
A transistorized single-sideband generator and detector of this type 

can be contained in a 19-in, rack-mounted unit, 3} in. high. 

MARINE TRANSMITTERS 

The special requirements of ship-borne transmitters are governed by 
the Ministry of Transport for ships registered in this country, and are 
defined in the Merchant Shipping (Radio) Rules of 1952. These pay 
special attention to the easing of congestion in the marine wavebands and 
to factors influencing the safety of life at sea; dates are fixed after which 
all seaborne equipment must comply with these requirements. The in-
specting and advisory authorities are the Post Office, who also issue specifi-
cations for voluntary radiotelephone and medium-frequency transmitters. 

Generally, marine gear must work from D.C. supplies of relatively 
,poor regulation, either 220, 110 or 24 volte, with H.T. usually derived 
from a rotary transformer; modern ships of higher tonnage, however, 
are nowadays frequently equipped with a 50-cis A.C. supply. In all 
classes, extensive measures are often necessary for suppression of inter-
ference caused by electrical machinery and appliances. The use of A.C.-
operated equipment with rotary converters is growing in popularity, 
since this avoids difficulty in the choice of transmitting valves suitable 
for series-heater operation and complications with bias circuits when one 
pole or the other of the supply may be earthed. 
For specification purposes, the essential equipments are classified 

according to hands and function. 

Long-wave Radio-telegraph Sender 

Aerial power in this band ( 100-180 kcis) is limited to 3 kW, and 
must be capable of progressive reduction in steps of 6 db or less, to 
200 watts in cases where maximum output exceeds this value. At 
these frequencies efficient radiation is difficult to achieve, despite the 
low earth resistance, on account of the relatively short aerials provided. 
In order to reach the rated power without excessive loss into the smallest 
specified aerial, a high Q-loading coil, capable of dissipating considerable 
power and of withstanding exceptionally high voltages, is necessary. 
Thus, at one extreme, the aerial constante are 3.6 ohms -I- 300 pF; 
to achieve even 200 watts into this load, a current of 7.5 amperes is 
needed, with a resulting voltage of 37,500 volts r.m.s. at 100 kc /a, and 
with some 500 watts or so dissipated in the aerial tuning inductance. 
With an aerial circuit of such low decrement, high tone-modulation 

levels and high-speed keying would be impossible, and type AI 
(unrnodulated) signals only with a keying speed of. up to 30 bands 
(approximately 40 words per minute) are called for. Sideband spread 
is limited to not more than 5 per cent of the radiated power appearing 
outside ± 100 cis from the nominal carrier frequency when transmitting 
dots at this keying speed. In practice, this limit will not be exceeded 
by an almost square pulse, provided that spurious peaks are absent.. 

Listening-through facilities are demanded at keying speeds up to 
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30 words per minute, and a separate aerial is invariably fitted for the 
associated receiver. 
A frequency tolerance of 0-10 per cent is allowed by international 

regulations, and at least three predetermined channels, including the 
calling frequency of 143 kc/s, must be amenable to selection by adjust-
ments taking not more than 10 seconds. For checking purposes, a 
dummy load with a radio-frequency indicator must be provided, as for 
other types of marine transmitters. 

Medium-wave Radio-telegraph Sender 
Four channels are required in this band (405-525 kc/s), one channel 

being the international distress frequency of 500 kc/s. Both Al and 
A2 (M.C.W.) transmission must be possible at keying speeds of up to 
30 bauds. A minimum aerial power of 50 watt ii is specified, with some 
concession towards the low-frequency end of the band. To provide 
this power into the specified aerial impedance under the damp-heat 
tests which form part of the Post Office climatic and durability require-
ments, an output approaching 100 watts will be needed from the power-
amplifier stage. Ready reduction of power must be provided in steps 
of 6 db or less, down to 5 watts. This reduction may be more con-
veniently secured, in the smaller sizes of equipment, by some such device 
as reduction of the power-amplifier screen voltage rather than by adjust-
ment of anode H.T. supply; compensation for the decreased loading on 
the modulator is, of course, necessary. The modulator itself is likely 
to be a self-excited oscillator, since no telephony service is called for. 
With A2 wt.ves the permitted sideband spread for 95 per cent of the total 
power, at 30 bauds, is extended to ± 2,500 cis. 

Short-wave Radio-telegraph Sender 
One calling frequency and two working frequencies are necessary- in 

each of the maritime mobile bands between 4' and 23 Me/s. The 
permitted frequency tolerance of 0-02 per cent obviously points to quartz 
crystal control, although at the present date many ship installations 
do not reach this standard. Since channels in the 4, 6, 8, 12 and 16 Mc /s 
bands are always allotted in harmonic sequence to any vessel, con-
siderable crystal economy is possible by arrlinging to use an initial 
oscillator frequency of about 2 Mc is in each case. 

Whilst a 50-watt transmitter can be made to satisfy the specification, 
outputs of up to 1 kW, or by special arrangement even more, are allowed. 
For the smaller units, it is frequently convenient to combine the func-
tions, of medium-wave and short-wave senders in the same transmitter, 
in which case radio-telephony facilities may also be provided. 

Emergency Radio-telegraph Sender 

This equipment, reserved solely for the transmitting of signals on the 
509-kc /s international distress frequency, is operated entirely from 
secondary batteries. A minimum aerial power of 15 watts (M.C.W.) 
and full operation within 6 seconds of switching on are required, 
necessitating the use of directly heated valves or temporary boosting 
of the heater voltage for the first few seconds. 

• Patent No. 669,524. 
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While fully transistorized emergency transmitters have already been 
made, they cannot be considered -an economic proposition until R.F. 
transistors of higher power rating are available. 
The alarm signal comprises twelve dashes of accurately controlled 

duration; three or four successive dashes of this length and spacing are 
capable of alerting the auto-alarm receivers in other vessels within range. 
An automatic code sender must be fitted to enable this signal or an 
SOS call to be sent out in the absence of an operator, if necessary. 
There is no objection to the use of the emergency transmitter for 

normal communication service on the medium waveband, provided that 
certain of the requirements of the medium-wave sender specification 
are also met. 

Lifeboat Transmitters 

In this case, facilities for M.C.W. transmission are necessary on both 
500 and 8,634 kc/s, with full operation on whichever channel is required 
within 30 seconds of switching on. The requirement of a rectangular 
modulation waveform simplifies modulating arrangements and ensures 
maximum audibility in distant receivers. The local receiver is built 
into the same unit and shares the same aerial, using an aerial change-
over relay actuated by the send/receive switch. Both fixed and mobile 
equipments are specified. 
Output requirements tor the fixed installation are for not less than 

50 watts at 500 kc/s and not less than 15 watts at 8,634 kc/s, with power 
supplied from a 24-volt secondary battery of sufficient capacity for 
4 hours of reception plus 2 hours of continuous transmission. The 
battery, of" non-spill' type, is rechargeable from a dynamo coupled to 
the lifeboat engine and from the ship's main supply, which furnishes 
power also to heaters fitted in the equipment case to lessen risk of 
freezing-up. Connections to the ship's mains must be so arranged as not 
to impair launching of the boat. 
The minimum requirements for the aerial/earth system, whicii are 

specified in some detail, stipulate that failure of the aerial ammeter or 
visual" radio frequency indicator (both of which are necessary) shall 

not break the aerial circuit; this points to .the use of a current 
transformer rather than a directly connected lamp and meter. 
A waterproof lamp of 3-15 watts must be provided for illumination 

of operating instructions and controls, whilst all controls must be 
suitable for operation by a person westing thick gloves. 
The portable lifeboat equipment is operated by hand-generator, with 

indicaLor lamp to show when the generator speed is within the correct 
range. Radio-frequency output is 3-5 watts approximately, and the 
equipment must float and remain serviceable after a drop of 30 ft. into 
water. A 30- ft. single-wire aerial is used, with an earth wire cast over-
board, and a simple aerial tuning control and tuning indicator are fitted. 
Automatic keying devices of similar performance to those used in the 

ship's emergency transmitter are required in each case. 

Radio-telephony Marine Transmitters 

Ship-borne transmitters with speech modulation are predominantly 
used for linking with telephone networks on land, in the case of larger 
vessels, or in self-contained radio-telephones working similar equipments 
in other ships or shore stations. 
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Fia. 25.—TUE RADIO CABIN or TB& Abraham Larcen 
WHALING 'FACTORY SHIP. 

(Redifim Ltd.) 

Post Office radio-telephone specifications are issued as a guide to the 
requirements of " voluntarily " or " compulsorily " equipped ships, 
with maximum permitted power outputs of 50 and 100 watts respec-
tively. Whilst the frequency-stability limits indicate the use of quartz. 
crystal control for both transmitter and receiver, the number of channels 
required in the receiver (and the excessive frequency errors in many old 
installations) render a continuously tuned receiver more practicable. 
In the compulsorily fitted equipment the specification insists upon a 
single switch for frequency selection of certain channels. 

Simplex working (sometimes two-frequency) is usual, employing a 
common aerial with change-over relay for transmission and reception, 
the change over being effected by a voice-operated relay or by a switch 
adjacent to the microphone. Duplex operation, when employed, 
requires a high degree of receiver preselection, owing to the proximity of 
transmitting and receiving aerials. 
The band employed for small ships' radio-telephones is 1-6-3-7 Me,'s, 

and in some circumstances facilities for telegraphy are permitted on 
certain channels when a qualified operator is carried. The transmitter-
frequency selector switch must give special prominence to the telephony 
distress channel (formerly 1,650 ke/s, now changed to 2,182 Ice,'it, 
which serves also as a calling frequency). A frequent feature, although 
not required by the specification, is the provision of a " loud hailer" 
energized, when desired, from the transmitter modulator. 
Owing to the extreme congestion in this band, stringent requirements 

are laid down for sideband spread, necessitating the use of efficient 
audio filters (cutting sharply above 3 ke/s), together with peak-clipping 
devices to prevent overrnodulation. 

Larger telephony transmitters are used with individual Post Office 
approval on ships of the highest tonnage. In these cases, use is made 
of the 4-, 8-, 12- and 16-Mcia bands, on which telephony is allowed with 
a frequency tolerance of 4- 0.005 per cent. The larger ship installations 
aro now often equipped with single-sideband telephony transmitters. 
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LAN» MOBILE TRANSMITTERS 

Units of power rating up to 2-4 kW output are commonly set up in 
mobile installations for the medium frequency and high-frequency 
bands, whilst up to about 100 watts output is used for V.H.F. mobile 
applications. Such equipment, whilst not subject to rigid specifications 
and standardization, such as is enfoned for airborne gear, must be built 
to a high standard of robustness and be capable of withstanding severe 
climatic extremes. The units will operate to a large extent in 
uninhabited country under military or field-survey conditions, with a 
minimum of attention and maintenance over long periods. For the 
larger equipments separate vehicles are used for power supply and 
receiving purposes, with remote control of the transmitter, but with 
outputs of up to about 100 watts a single vehicle or trailer can form a 
self-contained transmitting and receiving station, with whip aerial or 
telescopic aerial mounted on the body; power can be supplied from a 
built-in petrol-electric A.C. generator or from secondary batteries 
charged from a D.C. generator. Much of the radio-frequency output is 
liable to be absorbed in the metalwork of the vehicle, unless care is taken 
to bond together major items, such as engine, frame and bodywork, with 
heavy copper braid or strip, whilst for all but the smallest whip aerials a 
radial counterpoise or buried earth is a necessity. 

For short-distance work the V.H.F. bands are popular, giving a range 
somewhat greater than the optical limit, with very compact aerial 
systems, for a radio-frequency output of less than 50 watts. 
Horizontal polarization is generally favoured, except in circumstances 
where a circular polar diagram is necessary, as, for instance, in com-
munication with aircraft, and a directional array can readily be brought 
into service by means of a telescopic mast mounted on the vehicle. For 
aeronautical work two vertical dipoles can conveniently be mounted 
on one mast withont serious distortion of the polar diagram of either; 
for this purpose a non-conducting top section is used, with the aerials 
mounted one each side and separeited vertically by about half a wave-
length. An assembly of this type must, of course, be securely guyed for 
protection against wmd. 
On the high-frequency bands, range is interrupted by the skip distance, 

depending on frequency and time of day, but beyond this point effectiN 
communication is frequently maintained for several hundreds of miles 
with an aerial power of less than 100 watts. In this case the telescopic 
mast is insulated and used as the radiator, an aerial capacity of some 
120 pF being obtainable with a total height, including the top whip, of 
42 ft. 

Whip aerials alone are fiequently used on high frequency for shorter-
range work, and the aerial capacity in this case may be no more than , 
50 pF, for example, using a 12-ft. whip. Auxiliary loading inductance 
may be necessaty at the lower end of the band, or else the capacity may 
be suitably increased by the use of two or more whips spaced apart and 
connected in parallel. Where limited mounting space is available, a 
useful increase of capacity may be secured by the use of a two-whip 
assembly of V form, using a single-base insulator. 

In the case of larger and lower frequency transmitters such ready 
mobility is not feasible, and a typical 64-ft. mast assembly, for use with 
a 2-kW transmitter, involves several hours of erection time. Two of 
these masts, which are split up into 8-ft. interlocking tubular sections 
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of 3 in. diameter assembled on the ground, are erected 100 ft. or mon 
apart by portable block and tackle and guyed at alternate sections 
using a pivoted base-plate and three buried guy-support plates in each 
case. The corresponding radial earth comprises twelve wires each 
200 ft. long, carried on drums. 

A•. the other extreme are small radio-telephone sets used by taxis, 
police cars, etc., operating on V.H.F. channels. Frequency modulation 
is popular for this application, making possible extreme compactness of 
transmitter and power unit. V.H.F. transmitter-receiver equipment 
is described in Section 8. 

Meteor Burst and " Moon Bounce" Communication Systems 
An interesting development in the field of - communications trans-

mission is the use of reflection from meteor trails, investigated recently 
by the Canadian Defence Research Board.5,4 The highly ionized trail 
left by a meteor entering the earth's upper atmosphere persists for a 
period amounting, in many cases, to several seconds. This trail can be 
used for two-way communication by the use of specially oriented 
transmitting and receiving aerials. Communication is intermittent, 
but the effect is so marked, even with meteors too small to be visilee, 
and the number of such meteors is so vast, that practical use can be 
made of it with special equipment. 
The intelligence to be transmitted is recorded on magnetic tape at 

normal speeds, stored as long as necessary and then transmitted in 
intermittent high-speed bursts. The mechanism is triggered off by 
the reception from the distant position of a monitor signal on a slightly 
different frequency, indicating the temporary existence of a trans-
mission path. Use of a transmission rate of 600 words per minute, 
which is feasible with special high-speed low-inertia tape equipment at 
both ends of the link enables a mean rate of 60 words per minute to be 
maintained. 
A carrier power of 100 watts at approximately 56 Mcis has been 

successfully used over a distance of 600 miles, using five-element Yagi 
arrays. The system has a very high dogrel, of privacy, and is immune 
from the normal ionospheric disturbances. "Unlike the conventional 
" forward scatter" systems, for which much higher powers are used, it 
is unlikely to cause interference with other services. 

Moon bounce" communication has recently been achieved at 200 
Mc/s between sites on the earth's surface several thousands of miles 
apart. The extreme signal attenuation due to the great length of 
transmission path was overcome by the use of highly directional 
eri al systems. 
There are distinct advantages in the absence of fading and the con-

stancy of signals received at v.arious points of the earth's surface, 
despite the complexity, of equipment and thc, need for the moon to be 
above the horizon at both transmitting and receiving sites. 

GROUND-TO-AIR TRANSMISSION 
Airborne communications equipment is discussed in Section 19, and 

the information here will be confined to ground equipment for the 
communication service. 
The ground counterparts of mediun.-frequency, high-frequency and 

V.H.F. airborne transmitters generally follow conventional lines, being 
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usually mounted together in standard racks on a site at some distance 
fmm the Control Tower, and where possible, remote also from the 
associated receivers. Carrier powers of up to 2 kW on the high. 
frequency band and up to 50 watts at V.H.F. are commonly .used. 
Facilities are provided at the Control Desk for modulation of a number 
of channels simultaneously, and a typical remote-control unit will 
incorporate channel-indicator lamps to enable incoming signals from a 
number of receivers to be identified individually and dealt with singly 
or in combination. 
At least one stand-by transmitter of each type is usually provided 

ready for instant use, particularly on the V.H.F. channels, where failure 
during close-range work would be a serious occurrence. For the same 
reason, separate single-channel remote-control unite are often favoured, 
built into a compact assembly on the main control desk. 
Amplitude-modulated telephony is predominant for short-range 

airport use of V.H.F., with " VOGAD " circuits incorporated in the 
transmitters to maintain a high average level of modulation. The 
ground transmitter usually employs a quartz crystal oscillating at one-
eighteenth or one-twenty-seventh of the working frequency, followed 
by multiplier stages with preset tuning controls. Where telegraphy is 
required, this is of the keyed-tone constant-carrier type, necessitating 
automatic switching out of the transmitter " VOGAD circuit when the 
remote-control unit is set to M.C.W. (A2). 
With ever-increasing numbers of aitcraft in service, it is general 

practice to restrict messages to the minimum in duration to avoid 
congestion; in course of time the use of still higher frequencies is 
inevitable for short-range work, leading to radical changes in trans-
mitter-design technique, and perhaps widespread use of frequency 
modulation. 

L. P. L. 
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V.H.F. SCATTER COMMUNICATIONS 

The use of the slattering effect, which has long been known to occur 
when radio signals peas through an ionized layer or are reflected by 
the ground, for practical beyond-the-horizon communication in the 
V.11 F. and ?TILE. ranges has advanced notably in recent years. As 
a result of the studies by E. C. S. Megaw in the United Kingdom and 
H. G. Booker and W. E. Gordon in the United States, it was shown 
that signals due to incoherent scattering caused by random fluctuations 
of the refractive index in: (1) the troposphere; and (2) the lower 
ionosphere; could be used for medium-distance propagation of V.H.F. 
signals, and this was confirmed in a series of experiments by the U.S. 
Bureau of Standards. 



7-38 RADIO AND TELEVISION REFERENCE BOOK 

Ionospheric Scattering 
Since the lower ionosphere is permanently turbulent, some degree 

of scatter can be detected at all times given suitable equipment; during 
periods of ionospheric disturbance which impair H.F. communications, 
V.H.F. scatter communications can be maintained, often at improved 
strengths. 
With present equipment, the range of distance over which iono-

spheric scatter signals can be detected is about 600-1,i50 miles from 
the ' transmitter. A typical equipment for multi-channel telegraphy 
operating at about 50 Mc/s requires a transmitter with some 50 kW 
output and with high-gain transmitting and receiving aerials (gain 
about 20 dB). Received signals fluctuate fairly rapidly, and there is 
also some seasonal and diurnal variation; some form of diversity 
reception is thus essential for reception of high-speed telegraphy. 
Error rates in reception tend to be high due to the presence of delayed 
signal components. 

Tropospheric Scattering 
Communication is also possible at distances up to a theoretical 

maximum of about 700 miles by the reception of energy scattered in 
the troposphere, using high-power transmitters of about 1-10 kW in 
the centimetric range; metric-range transmitters can also be used 
for this purpose but other forms of propagation usually account for 
some part of the signals received. An a,dvantage of tropospheric 
scatter communication over ionospheric scatter is that the choice of 
frequency is much more flexible. The practical limit of tropospheric 
scatter transmission at present h the order of 400 miles, and less 
than this where a number of telegraph channels must be accommodated. 

Signals received by tropospheric scattering are subject to both rapid 
and slow fadine the frequency of the rapid -fading ( Z-10 cis) tends to 
increase with distance and with the radio-frecpency. •Generally 
frequencies within the limits 400-5,000 Mets can be utilized, with some 
falling off of the scattering process at toe higher frequencies. 
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17.11.F. RADIO SYSTEMS 

In all radio systems the intelligence which is required to be conveyed 
to a distant point is used to modulate a carrier wave. According to 
the nature of the intelligence and the method of modulation, a certain 
erequenoy band-width is required. For example, to transmit a single 
speech channel, 300-3,000 () is, using double-sideband iimplitude modula-
tion, a band-width of 8 ko/s is necessary, while a television service-
requires a band-width of the order of 3 MO. For this reason the 
number of channels which can be accommodated in the frequency 
spectrum up to 30 MO is limited. By comparison, the V.H.F. range-
30-300 Mc is—offers a considerably greater number of channels. 
V.H.F. radio waves are attenuated rapidly beyond line of sight, so 

that the range of communication, depending on the aerial installation 
and terrain, is of the order of 40 miles between ground stations, under 
normal conditions. The same frequency can therefore be allocated to 
several systems and, provided that there is no overlap between the 
service areas, there will be no interaction between them. 
The chief applications of V.H.F. are summarized as: 

(a) Systems requiring wide band-width, such as television, multi-
oluumel telephone links, telemetering and control links, and some 
radar equipments. 

(b) Systems requiring comparatively short ranges, such as police, 
fire, ambulance, airport and harbour services, and private services 
for taxis, tugs, doctors, etc. 

V.H.F. communication is particularly suitable for mobile applica-
tions, as these frequencies are not affected by atmospheric noise and, 
since efficient half-wave or quarter-wave aerials can be mounted on a 
vehicle, good communication can be obtained with low-powered equip-
ment, causing a minimum of drain on the vehicle battery. 

Channel Spacing and Frequency Control 

For communication equipment, speech frequencies up to 3 kois 
have to be transmitted, and a band-width of 6 kepi is thus rewired if 
amplitude modulation is used. Using frequency modulation, the band-
width requirement increases to the order of 30 ko/s. The frequency 
spacing between adjacent channels is governed, not only by the band-
width required for modulation, but also by the tolerance on the nominal 
frequency of the carrier. For a tolerance of 0.01 per cent, at 100 Alois, 
the carrier may be ± 10 kois relative to its nominal value. Frequency 
channels are often spaced at 50 kc/s intervals below 100 McIs and at 
100 kcis above 100 Mo/s, but recent equipment may be required to 
operate with channels of half these widths. 
To obtain a frequency tolerance of 0.01 per cent, or better, it is 

necessary to employ quartz-crystal oscillators to control the frequency 
of both transmitters and receivers. 

8-2 
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Choice of Modulation 

For communication equipment the choice is between amplitude 
modulation (A.M.) and frequency modulation (F.M.), and there are 
many factors for and against each method. 
For reasons to be mentioned later, F.M. transmitters use a phase 

modulator, and an audio-frequency correcting network is used to give 
virtually frequency modulation. Even with a phase variation of ± 90°, 
it is necessary to multiply the crystal frequency thirty-two times to 
obtain 15 kc is deviation with an audio-frequency input at 300 cfs; 
therefore, although the F.M. transmitter saves the cost of a high-
powered anode modulator, it introduces the cost of a number of low-
powered frequency-multiplier stages. These factors must be taken 
into account, together with the power of the transmitter. For low-
power transmitters, A.M. equipment is cheaper, while for high powers 
F.M. is cheaper. There is little difference in the cost of AM and F.M. 
receivers, but F.M. receivers need closer frequency control if the 
advantages of P.M. operation are to be obtained. 

Theoretically, there is a signal-to-noise ratio improvement m using 
F.M. rather than A.M., and this can be demonstrated in the laboratory; 
but, since this improvement depends on the carrier being received 
preoisèly in the centre of the receiver passband and on the crossover 
point of the discriminator, it is not always obtained under service 
conditions, due to the crystal frequencies varying with temperature 
and de-tuning of circuits by valve changes, ageing etc. In general, 
F.M. equipment requires maintenance by more skilled personnel than 
are needed for A.M. equipment, and the equipment needs checking more 
often if optimum results are to be obtained. 
. It should be noted that the above remarks apply particularly to 
narrow-band F.M. communication equipment and not to F.M. broad-
casting services, where a deviation of 50 ke/s or more is used, and the 
band-width of the receiver is much greater. 

TRANSMITTER DESIGN 

The complete transmitter comprises a high-stability crystal oscillator, 
frequeney-multiplier stages to obtain the required radiated frequency, 

CRYSTAL 

OSCILLATOR 

PHASE 
MODULATOR FREQUENCY 

FOR F.M. \ — 'MULTIPLIERS 
\EQUIPMENT/ 

VHF 
POWER 

AMPLIFIERS 

ANODE 
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(EOFOURIPMAA) 

AERIAL 

COUPLING 

FIG. I.—BLOCK DIAGRAM OF A V.H.F. TRANSMITTER. 
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es giving the required output power, and aerial coupling 
her with some means for modulating the carrier. The 

e is normally delivered to a 50- or 70-ohm feeder cable for 
.on to a distant aerial, but may, in the case of walkie-talkie 

oiler equipments, eneigize the aerial directly. 
.unsiderable care must be taken throughout the transmitter to ensure 

_net the spurious emissions are the minimum possible. One milliwatt,-
for example, can produce an interfering signal of the order of millivolts 
in an adjacent receiver working with a normal input of a few microvolts. 
The highest possible crystal frequency should therefore be used, since 

the spurious emissions are spaced about the carrier frequency by the 
crystal frem.ancy and its multiples, and can most easily be eliminated 
when this spacing is large. 
A block diagram of a complete transmitter is shown in Fig. 1. 

Toe Crystal Oscillator 

Crystals are now available which operate on their third overtone at 
frequencies up to 60 Mc is, and these are attractive for use on straight-
forward A.M. equipment. For F.M. equipment—and for some A.M. 
equipment employing crystal switching to give alternative channels— 
fundamental crystals are used, usually in untuned circuits. 

Temperature Variation 

To cater for variations in ambient temperature as well as the temper-
ature rise experienced in the equipment, the oscillator must keep within 
frequency tolerance with a range of crystal temperature between about 
0° and +70° C. 

Graphs of frequency error versus temperature, for A.T. and B.T. 
out crystals, are shown in Fig. 2. • 

Referring to Fig. 2 (a) it is seen that—for B.T. cut crystals—the curve 
is approximately a- parabola; the crystals can be adjusted in manu-
facture to bring the apex of the parabola to a specified temperature. 
Over a reasonable rangé of temperature near the apex of the curve the 
frequency error is comparatively small. For normal applications 
orystals having the apex of the parabola at about 40° C. are used: For 
applications where close frequency tolerance is required—such as 
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FREQUENCY 
TRIMMING 
CONTROL 

• 

FIG. 3.—FUNDAMENTAL CRYSTAL OSCILLATOR. 

F.M. equipment and A.M. diversity equipment—the apex is often 
adjusted for 75° C. and the crystal is enclosed in an oven, controlled by 
a thermostat. 
• For A.T. out crystals, the frequency error versus temperature curve 

lies between the limits shown shaded in Fig. 2 (b). The slope of the 
ourve is determined by the angle of the crystal out. Provided that care 
is taken in manufacture and the angle of cut held to within a few seconds 
of aro, the frequency error can be kept very small over a considerable 
range of temperature. A tolerance of 0.002 per cent can be obtained 
with a temperature variation between 0° and + 70° C. 
Apart from errors due to temperature variations, the oscillator 

frequency is also dependent on the capacitance across the crystal. This 
fact can be utilized by providing a trimmer capacitor across the crystal, 
and then adjusting the parallel capacitance to take up the manufacturing 
tolerance. 

Crystals are often mounted in evacuated B7G valve envelopes. The 
vacuum reduces air damping on the Crystal, leading to higher Q, and 
also helps to reduce change of frequency with ageing. For special 
applications, several crystals can be fitted in one B7G envelope. 

For optimum stability, care must be taken not to exceed the manu-
facturers' power and voltage ratings for the crystal. 

Typical Circuits 

Some useful oscillator circuits are given in Fige. 3 and 4. 
Fig. 3 shows a circuit suitable for fundamental crystals in the range 

2-20 Mc/e. This is a very stable circuit, no tuning is needed, and crystal 
frequency trimming may be accomplished by a capacitor connected 
from grid to cathode (as shown), or alternatively, from grid to earth. 
This circuit is useful for applications where operation is required on a 
number of frequencies, the appropriate crystal (and, trimmer, where 
fitted) being selected by means of a single-pole multi-way switch. 
Alternative connections for the crystal are between grid and anode, or 
grid and screen. 
A circuit for overtone crystals, between 20 and 40 Mo/s, is shown in 

Fig. 4. L, C forms the resonant maintaining circuit. Either L or C 
can be made adjustable. The position of the tap on L should be checked 
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Fin. 4.—OVERTONE CRYSTAL 
OSCILLATOR. 

-47 
for stable operation, as, if it is too low, the circuit may oscillate at a 
frequency determined by the resonance of L-C, the crystal merely acting 
as a coupling capacitor. • 

Frequency Multipliers 

A frequency-multiplier stage is essentially a class-C amplifier in which 
the anode circuit is tuned to a harmonic of the input frequency. A 
high-Q anode circuit is necessary to reduce any component of the funda-
mental frequency in the output. For optimum efficiency the angle of 
flow of the anode current should be 90`7N, where N is the frequency 
multiplication; the power output will be approximately 1./N times the 
output of the valve when used as a normal power amplifier with the 
same operating conditions. 

Since the input and output circuits are tuned to different frequencies, 
there is little difficulty in achieving stability; neutralizing is not 
required, and triode valves can be used if desired. 
The question of stability in the transmitter drive stages is eased 

appreciably if several doubler or trebler stages are used, each giving a 
reasonable amount of power amplificrtion, instead of using one or two 
high-order multipliers followed by normal power-amplifiers. 
To obtain the required small angle of anode current flow, the grid bias 

must be made higher than is usual for power amplifiers, and, in the case 
of pentode valves, the screen grid is run at a fairly low voltage. Grid 
current bias is general, the val.1 3 of grid leak being fairly high. 
The circuit of a typical frequency multiplier is shown in Fig. 5, and 

the waveforms associated with the circuit in Fig. 6. 

3 x f 

HT 4- 

1-073eJTPUT 

Fia. 5.— 
FREQUENCY-
MULTIPLIER 
CIRCUIT. 
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GRID VOLTAGE 

ANODE CURRENT 

ANODE VOLTAGE 

Fm. 6.—WAVE7ORMS IN TIM FREQUENCY MULTIPLIER. 

. The Power Amplifier 

Owing to the propagation characteristics of V.H.F. radio waves, 
raising the power of a V.H.F. transmitter does not increase the range 
appreciably beyond the horizon; so that the power of the transrnittei is 
chosen to give a reasonable signal-to-noise ratio within the required 
service area. For mobile radio systems, where battery consumption 
on vehicles is limited, 3-10 watts is the normal figure for A.M. equip-
ment and 10-30 watts for F.M. Higher power is usual for fixed stations, 
although 25 watts is the maximum power permitted by the G.P.O. 
for most private systems. Some police services use powers up to 
250 watts and, for many systems abroad, powers of 50-100 watts are 
common. Tho effective radiated power of fixed stations may easily be 
raised by using fairly simple, high-gain aerials. 

Input Impedanée 

The input impedance of a valve falls as the frequency is raised, and 
the effect of inter-electrode capacitances becomes moro important. 
The values of inductance and capacitance for resonance are very small, 
and the inductance of connecting leads is no longer a negligible factor 
at V.H.F. Point-to-point connections must be kept as short as possible. 
De-coupling capacitors must be chosen with care, since de-coupling will 
be quite ineffective if the impedance due to the inductance of the 
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Fia. 7.—EFFECT OF INTER-ELECTRODE CAPACITANCE ON TUNED CIRCUITS. 

capacitors becomes appreciable. Where good de-coupling is essential. 
a series-tuned L—C circuit is often used, and gives better results than 
more orthodox de-coupling. Fortunately, components and valvel 
specially designed for V.H.F. applications are now more readily avail 
able, and their range is constantly being extended. 

Push—pull operation, using beam tetrode or pentode valves, is usual-

4 

FIG. 8.—QUARTER-WAVE PARALLEL-LINE SECTION USED AS A CIRCUIT 
ELEMENT. 

000 n H.T.+ 

FIG. 9--PARALLEL LINE WITH TUNING CAPACITANCE. 

FIG. 19.-1:TALI-WAVE LINE USED AS A CIRCUIT ELEMENT. 
H.T. + 
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BIAS 

(a) 

(b) 

oon 
Flo. IL— AMPLIFIER STAGE SHOWING INDUCTANCE OP THE CONNECTING 

LEADS AND THE INTER-ELECTRODE CAPACITANCES. 

AC 

KT.+ 

at least for the final stage—since the input impedances of the two 
valves are then effectively in series across the tuned circuit; the 
capacitances across grid and anode tuned circuits, due to inter-electrode 
capacitances, are thus halved, as indicated in Fig. 7. With single-
ended stages, care must be taken to return one side of the input and 
' output circuits to cathode, via a low-inductance path. 

Parallel-line Tuning Elements 

Up to about 200 Mc/s normal inductance coils can be used, but at 
higher frequencies orthodox circuits are usually replaced by parallel-line 
sections. Quarter-wave line sections, short-circuited at one end, are 
frequently used. Tuning may be accomplished by varying the position 
of the short-circuit, as illustrated in Fig. 8, or, more conveniently, by 
varying the effective length of the line by a variable capacitor across the 
open-oircuit end, as shown in Fig. 9. The split stator type of cajiacitor 
should always be used, and best results are usually obtained if the 
moving vane is free from earth. 

Fig. 10 illustrates a circuit using a half-wave line, which is more 
convenient for the higher frequencies, where the length of a quarter-
wave line external to the valve may become small. It should be noted 
that the internal valve connections contribute to the total length of the 
line. The position of the D.C. feed point varies with frequency and, for 
optimum results, should be made adjustable. 

Neutralization 

Instability and spurious oscillations may occur due to anode-grid 
capacitance, and, even when tetrode or pentode valves are used, 
neutralizing is usually necessary above 100 Me/s. A common cause of 



RADIO AND TELEVISION REFERENCE BOOK 

GRID 

FIG. 12 (left).—METHOD OF 

OBTAINING SMALL NEUTRALIZ-
ING CAPACITANCE. 

FIG. I 3 (Fight).-GROUNDED 
GRID AMPLIFIER. 

oscillation is described below to illustrate tho typo of problem which 
may be encountered. Fig. 11 (a) shows an amplifier stage, and 
Fig. 11 (6) shows the same cirouit including the lead inductances and 
inter-electrode capacitances. It is seen that at some particnlar fre-
quency above the working frequency—depending on the component— 
values—the stage may oscillate as a tuned-grid, tuned-anode circuit. 

Since the neutralizing capacitance required is only a fraction of a 
picafarad, a normal variable capacitor cannot bo used. One solution 
is to use the direct capacitance hotweén the valve anode and a screw 
which is mounted near the valve envelope and conr ected to the opposite 
grid. This arrangement is illustrated in Fig. 12. 
As an alternative to neutralizing, grounded-grid circuits can be used 

to overcome oscillation difficulties. A typical circuit is shown in Fig. 13. 
With this arrangement the cathode driving power appears in the output 
circnit, and in the case of A.M. the driving stage must therefore be 
modulated in addition to the final stage. Because of this disadvantage 
grounded-grid stages are usually confined to relatively high-powered 
F.M. transmitters. 

Choice of Valves 

Operation with triode valves is possible up to abut 100 Mc /s, but 
due to the high drive power required, the tendency is to use tetrodes or 
pentodes. 

For applications involving anode dissipations up to about 40 watts, 
valves are now available containing two tetrode assemblies in ono 
envelope, with a common cathode and screen, and containing built-in 
anode—grid neutralizing. Some valves include the screen de-coupling 
capacitor inside the envelope to minimize the effect of lead inductance. 

Circuit elements are usually silver-plàted, and often polished, in order 
to reduce circuit losses due to skin effect. Depending on frequency and 
valvés used, anode efficiencies of about 40-70 per cent can usually be 
obLined. 
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Fie. 14 (left). --FARADAY SCREEN. 

FIG. 15 (right).—AERIAL COUPLING 
CIRCUIT. 

Aerial Coupling 

Attenuation of Spurious Radiations 

V.H.F. transmitters aro almost always coupled to the aerial via 
unbalanced co-axial feeder cable. Capacitive coupling, between the 
output circuit and the feeder, should be avoided owing to tho low har-
monic attenuation obtained by this method. Even when loop coupling 
is used there will be an appreciable amount of capacitive coupling 
between the circuits, giving appreciable harmonic output, unless 
precautions are taken. The aerial coil and final stage tuning coil should 
be separated by a Faraday screen, a convenient form being shown in 
Fig. 14. Fig. 15 shows the electrical circuit of a typical aerial coupling 
assembly. 
Loop coupling should also be used, where space permits, between the 

multiplier stages of the transmitter, to keep down spurious radiations in 
the output, duo to crystal harmonics. 

If very low spurious output is essential, bandpass filter sections or 
resonant cavity filters may be inserted in series with the aerial feeder. 

The Amplitude Modulator 

Anode modulation is almost universally adopted for amplitude-
modulated V.H.F. equipment, and the design follows standard practice. 
The final power amplifier is usually a push-pull stage operating in class 
AB, the output being coupled to the final radio-frequency power 
amplifier by a transformer. Combined anode and screen modulation is 
generally used, and this is sometimes accomplished by means of two 
windings on the modulation transformer. The usual arrangements 
are shown in Fig. 16. 

Care must be taken in the design of the modulation transformer to 
avoid saturation of the core, due to D.C. polarizing current flowing in 
the secondary windings. 

In communication systems intelligibility at low signal strengths, - 
giving optimum range, is of more importance than high fidelity and, 
where transmitter power is limited—as, for example, in mobile installa-
tions—refinements in the modulation circuits can give considerable 
improvement in intelligibility under noisy conditions. Attention 
should be given to the following points: 

(a) automatic gain-control of modulator: 
(b) peak-clipping. 
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FIG. 113.—ANODE-MODULAT:ON CIRCUITS. 

Automatic-gain-control 

Owing to variations in level of different voices, the peak modulation 
level may vary between 10 and 100 per cent, depending on the operator. 
Since peaks of noise in the associated receiver are equivalent to 100 per 
cent modulation when a low signal is being received, 10 per cent speech 
modulation will give relatively poor intelligibility. Automatic-gain-
oontrol circuits can be incorporated in the modulator to overcome this 
difficulty, and an effective arrangement is shown in Fig: 17. 
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Fla. 17.—MODULATOR A.G.C. CIRCUIT. 
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FIG. 18.—SPEECH W AVEFORMS SHOWING EFFECT OF CLIPPING. 

This circuit uses a diode, V2, biased by potentiometer, RVI, which 
determines the input level at which the diode conducts. Part of the 
modulator output voltage is coupled to V2 and, on rising to a certain 
voltage, causes V2 to rectify and apply negative bias to a variable 
slope valve, VI, in the early stages of the modulator. 

It is quite easy with such an arrangement to obtain a variation in 
output level of less than 2 db for an input-level change of 20 db. The 
circuit is also useful as a limiter for preventing over-modulation. 

Peak-clipping 

Examination of the waveform of normal speech indicates that it is 
of a very peaky nature, as indicated in Fig. 18 (a); the mean level is 
of the order of 30 per cent or less of peak value. If a clipper circuit is 
used to remove peaks of speech above a level corresponding to, say, 
25 per cent of peak value, the waveform of the clipped signal will be as 
shown in Fig. 18 (b). The average modulation level is seen to be much 
greater than in the original waveform. The clipper circuit naturally 
introduces distortion, but comparative tests show a considerable im-
provement in readability when clipping is used in areas where the signal 
strength is low. 

A variety of circuits can be used, the simplest being those in-
corporating a pair of diodes connected either in series or in parallel. 
Fig. 19 shows one variation of each. The series arrangement is generally 
preferred, since biasing then presents no problem. The operation is as 
follows : 
Two diodes are used, one to clip positive peaks and one for negative 

peaks. The diodes are biased, so that although both are normally 
conducting, and therefore passing the audio signal to the subsequent 
stages, one is cut off by positive peaks and ceases to conduct, while the 
other cuts off on negative peaks, thus clipping the signal. 
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FIG. 19.—CLIPrING CIRcUITS. 

The output of the clipper is often passed via a *low-pass filter to 
eliminate the higher-order harmonics, which are produced. The 
circuit also acts as a limiter preventing over-modulation. 
The complete modulator in block-diagram form is shown in Fig. 20. 
It should be noted that the control voltage for the automatic-gain-

control circuit must be taken before the clipper, if fitted, to be effective 
and an automatic-gain-control amplifier is sometimes necessary. 

Microphones 

Carbon microphones aro commonly used on mobile equipments, 
since, u...ing to their high voltage output. a minimum of amplification 
is needed. Although relatively insensitive, moving-coil microphones 
are used on some fixed-station modulators when a better frequency 
responso than can i.e obtained with carbon microphones is required. 

The Frequency Modulator 

Direct Frequency-modulation Circuits 

Direct frequency modulation of a crystal-controlled transmitter can be 
achieved by connecting the equivalent of a capacitor or inductor into the 
oscillator circuit and varying the reactance in accordance with the 
.modulating intelligence. Tho réactance valve circuit shown in 
Fig. 21 (a) is generally used to obtain this varying reactance. 

MICROPHONE 

INPUT 

VARIABLE I CLIPPER 
GAIN AND 

AMPLIFIER MODULATION 
LIMITER 

PUSH-PULL 
OUTPUT 
AMPLIFIER 

TO V.H.F. 
FINAL 

AMPLIFIER 

A.G.C. 
CIRCUIT 

FIG. 20.—BLOCK DIAGRAM OF AN AMPLITUDE MODULATOR. 
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(a-) (b) (C) 

FIG. 21.—REACTANCE VALVE CIRCUITS. 

Tho impedani across the terminals AB is given approximately by the 
formula: 

ZAB   g„, X Z2 

where g,,, is tho mutual t, ductance of the valve. 
The circuit is most ofti..1 used with capacitance between anode and 

grid, and resistance between grid and cathode, as illustrated in 
Fig. 21 (b). In this case : 

1 
Zas jcuCg„,R 

and tho impedance across AB is therefore equivalent to that of a 
capacitance of value g„,RC. If tho mutual conductance of the valve is 
now varied in sympathy with the modulating signal, the capacitance 
across AB also varies, and will modulate the frequency of the oscillator. 
The circuit shown in Fig. 21 (e) is an alternative arrangement equiva-

lent to a varying inductance. Other combinations are possible using 
inductors in place of the capacitors shown. 
The chief disadvantage of this arrangement for direct frequency 

modulation is that the centre frequency of the oscillator—in the .'no-
modulation condition—is governed by the mutual conductance of the 
valve, and this will vary with ageing, supply voltages, change of valve 
and the like. Although these factors can fairly easily be controlleu in 
the case of broadcast transmitters, direct frequency modulation of I he 
crystal is inconvenient for simple communication equipment, which 
often has to bo serviced by comparatively unskilled personnel. 

If, however, the varying capacitance, due to the reactance valve, is 
connected across a tuned circuit in one of the drive stages of the trans-
mitter (subsequent to the oscillator), the varying reactance— in altering 
the tune of the circuit—will alter the phase of the signal, thus producing 
phase modulation. Some amplitude modulation will also be introduced 
if the phase swing is large. 

Deviation 

In the case of F.M., the frequency variation, or deviation, is pro-
portional to the amplitude of the modulating signal, while for phase 
modulation the phase variation is proportional to input level, and the 
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resultant deviation therefore varies with modulating frequency. It is 
therefore necessary to introduce a 6-db/octave bass-boosting network 
between the microphone and reactance valve to obtain F.M. using a 
phase modulator. This network 'can be omitted if pre-emphasis is 
required, and de-emphasis is then provided on the associated receiver. 
The deviation obtainable from the phase modulator is equal to the 

product of the modulating frequency and the phase swing in radians. 
Since the maximum phase swing is 90° the maximum deviation is: 

90 
.e7 X f 

where f is the modulating frequency. If the lowest modulating fre-
quency is taken as 300 c/s, the deviation is approximately 500 c/s. 
The deviation is independent of the carrier frequency. The carrier • 
frequency and deviation must therefore be multiplied approximately. 
thirty-two times to give 15 ko/s deviatim on the radiated frequency. 
In practice, a phase swing of 90° cannot be obtained with this circuit, 
owing te the distortion produced, which rises rapidly with increase of 
phase swing, and the crystal frequency has to be multiplied more than 
thirty-two times before the output stage, unless a loss of low-frequency 
response is tolerated. The low-frequency response is usually adjusted 
so that a maximum phase variation of about 20° is used. As the modu-
lating frequency is raised, the phase swing is correspondingly reduced to 
give correct deviation, so that distortion is ress at the higher frequencies. 
The circuit of a simple reactance valve phase modulator is shown in 

Fig. 22. 
Automatic-gain-control, limiter and clipper circuits, as described for 

the amplitude modulator, can also be used for frequency modulators. 
It is particularly important in F.M. systems to include limiter circuits 
to prevent over-deviation, since there is no automatic limiting action 
such as occurs in amplitude modulators at the 100 per cent modulation 
level. 

RECEIVER DESIGN 

It is generally considered that a signal-to-noise ratio of 10 db is the 
minimum requirement for intelligible speech reception. According to 
the modulating system used and the audio-frequency band-width of the 
receiver, a signal between 0.5 µV and 2µV is needed to give this signal-
to-noise ratio with the valves at present available. A level of about 
5-10 volts is desirable at the demodulator for efficient operation, and 
this sets the overall gain requirement. It is difficult to achieve large 
stage gains at V.ILF. and, since the gain from aerial to demodulator 
may be of the order of 140 db, superheterodyne circuits are always used. 
Double-superheterodyne' cirouits, using two intermediate frequencies, 
are common. 
The receiver must also include sufficient selectivity to eliminate 

unwanted carriers, on adjacent channels, which may be simultaneously 
received at much higher levels. Unless care is taken in the design of the 
receiver, these large unwanted signals can give rise to blocking and 
cross-modulation of the required signal. At the same time the band-
width of the receiver must be sufficient to pass the sidebands of the 
wanted signal and also to allow for frequency drifts due to temperature 
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FIG. 22.—PHASE MODULATOR USING REACTANCE VALVE. 

changes of the crystal oscillators in both the receiver and the associated 
transmitter. The band-width will tit: tfore depend on: ( 1) crystal 
stability; (2) method of modulation, i.e., A.M. or F.M. ; and (3) the 
required speech band. In practice, band-widths of 20-50 kc/s are 
usually required. 
Good automatic-gain-control performance is essential for A.M. 

receivers used in mobile systems, since the input signal may vary by 
100 db or so, according to the range from the H.Q. transmitter. Noise 
limiters must be included in A.M. receivers to reduce or eliminate 
impulsive interference, particularly from car ignitibn systems. 

Spurious responses to unwanted carriers must be as low as possible 
and care must be taken to guard against radiation from the local 
oscillator. 
To reduce blocking and cross-modulation, the gain should bekept to a 

minimum before the main intermediate-frequency amplifier circuits, 
since the radio-frequency tuned circuits cannot normally be made 
selective enough to give any appreciable rejection of unwanted carriers 
within a few Mo/s of the required signal. In this way the signal level 
is kept low at the mixer grids, where cross-modulation is most likely to 
000ur. Cross-modulation is liable to occur in any component, or valve, 
having a non-linear characteristic, which gives rise to mixing action. 
At least one radio-frequency stage is, however, necessary, in order to 
give a reasonable input to the mixer and to isolate the local oscillator 
from the aerial circuit. 

If the radio-frequency gain is kept low, the gain of the intermediate-
frequency amplifier must be considerable, and difficulties may then 
arise in the mtermediate-frequenoy stage due to instability. This 
difficulty is often overcome by using double mixing and two different 
intermediate frequencies. Double mixing also helps to reduce the 
level of the image response. 

Crystal control is used for receiver oscillators in order to cater for 
close channel working, and the oscillator circuits employed are similar 
to those used in the transmitter. 

Effective limiting is necessary in F.M. receivers if the theoretical 
• advantages which this system' claims over A.M. are to be obtained, 
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and at least two limiter stages should precede the discriminator. A 
variety of discriminator circuits is available. Automatic-gain-control 
is not always used in F.M. receivers, but may be included in some designs 
to prevent over-loading of the mixer on strong signals. 
Diode detectors are used for A.M. receivers, and noise limiters are 

almost always incorporated. Tho use of efficient noise-suppression 
circuits on A.M. receivers can do much to make A.M. and F.M. systems 
comparable for communication services. The noise-limiter circuit 
follows immediately after the detector. 

Signal Frequency Amplifiers 

The noise factor of the receiver is determined principally by the noise 
produced by the first radio-frequency valve. Short-grid-base pentodes, 
or grounded-grid triodes, are principally used at the present time, and 
noise factors of the order of 6 db are obtained at 100 Mc /s. High-Q 
anode circuits are required, but, since appreciable amplification is 
undesirable, the coupling to later stages is frequently tapped down the 
circuit, low-value coupling capacitors being used. This has the further 
advantage that the low input-impedance of the following stage does not 
produce too much damping across the_ circuit. 
• Slug-tuned inductance coils take up less space than circuits using 
variable capacitors, and, although their Q is generally lower, they are 
frequently used in mobile equipments. 

For the higher frequencies, or, where high-Q is essential to obtain 
good selectivity at signal frequency, conventional L-C circuits may be 
replaced by line sections. Tapped co-axial quarter-wave lines are 
normally used for these applications. 

Fig. 24 shows a typical radio-frequency circuit for 100-200 Mc/s. 
An alternative ca,scode circuit is shown on page 8-25. 
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FIG. 24.—V.H.F. AMPLIFIER Crncun. 

Miring 

Generally, the best and simplest mixer at V.H.F.. is a pentode or 
triode valve with both signal-input and local-oscillator-output injected 
on the first grid; although, for " walkie-tallde " equipment, crystal 
mixing is often used, since available valves with 1-4-volt filaments do 
not usually give good results. 
When double mixing is required, two separate local oscillators•can be 

used, and although this involves the provision of two crystals, one of 
them can be cut for a fixed frequency, regardless of signal frequency. 
In this case the second oscillator must be carefully screened from the 
radio-frequency and first- oscillator circuits, since harmonics of the two 
oscillators may beat to produce frequencies at, or near, the signal or 
intermediate frequencies. An alternative method is to use a single 
oscillator and either inject the same frequency twice or inject different 
harmonics of the oscillator at the two mixers. 
The first method is-illustrated in block form in Fig. 25. For example, 

taking a signal frequency of 100 Mc/s and a second intermediate fre-
quency of 2 Mcfs, the local oscillator injects a signal of 49 Mc/s to the 
mixer-valve grid. This beats with the 100-Mc/s carrier to give the first 
intermediate frequency of 51 Mc/s. The 49-Mc/ii local-oscillator 
frequency again beats with the 51-Mc/s first. intermediate frequency in 
the second mixer, to give the second intlrmediate frequency of 2 Mc/s; 
In the arrangement shown, the pass-le Id of the first intermediate-

100 MC/S . 
SIGNAL — Jo--
INPUT 

FIRST 
MIXER 

49MCIS 

OSCILLATOR 

FIRST 
I.F. 

51 MC/S  

SECOND 
MIXER 

SECOND 
I.F. 

2 MC/S  

FIRST I.F. AMPLIFIER ALSO 
PASSES THE 49 MC/S LOCAL 
OSCILLATOR FREQUENCY 

FIG. 25.—BLOCK DIAGRAM OF A DOUBLE MIXER. 
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FIG. 26.—ALTERNATIVE METHOD OF DOUBLE MIXING. 

frequency amplifier is made wide enough to pass both the 49- and 51-
Mc /s signals, thus making a connection from the oscillater to the second 
mixer unnecessary. 

Fig. 26 shows an alternative arrangement, which is mule flexible in 
that it allows a choice of the first intermediate frequency, and the first-
intermediate-frequency amplifier can be made more selective. Again, 
taking an intermediate frequency of 2 Alois and a signal frequency of 
100 Mc/s, a local-oscillator-frequency of 14 Mc /a could be used. The 
oscillator output is passed through a sixth harmonic generator giving 
an output of 84 Mc/s, which beats with the carrier to give a first 
intermediate frequency of 16 Alois. The 14-Mois fundamental output 
of the oscillator is then injected to the second mixer to give the final 
intermediate frequency of 2 Mo/s. 
The oscillator and frequency multiplier can be combined in one stage 

by using a grid-cathode or grid-screen -1m:dilator circuit, and tuning the 
anode circuit to the required harmonif. A typical circuit is shown in 
Fig. 27. 
A high-Q anode circuit is essential to keep unwanted crystal harmonics 

from the mixer, since this would cause the receiver to have poor dis-
crimination against unwanted frequencies, spaced by multiples of the 
crystal frequency, from the carrier. The oscillator is usually coupled to 
the mixer by a low-value capacitor of the order of a few picafarads in 
order to minimize pulling between the circuits. 

Intermediate-frequency Amplifiers 

Cnoosing the value of the final intermediate frequency is governed by 
a number of factors. A low frequency will give good stage gain and 
selectivity, but difficulties may arise in obtaining sufficient band-width. 
A higher frequency will generally simplify the problem of obtaining good 
image rejection. 

Intermediate frequencies in use at present vary between 450 kern and 
10 Mc/s. In order to obtain an intermediate-frequency response close 
to the ideal, where the gain is level over the required pass-band and then 
falls immediately to a very low level, band-pass circuits, using trans-
former coupling, are usually employed. An alternative arrangement is 
described later. 
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Good temperature characteristics are required to prevent variation 
of the centre freauenoy of thé intermediate-frequency stage, since this 
will reduce the rejection of an unwanted carrier on the adjacent channel 
50 or 100 ko/s away. In F.M. receivers variation of the intermediate 
frequency can produce considerable noise and distortion. Judicious 
choice of positive and negative temperature-coefficient capacitors: is 
necessary for all tuned circuits, and care should be taken, if capacitors 
are changed when servicing, to replace them with new ones of appro-
priate temperature characteristics. The use of a low intermediate 
frequency is an advantage, since temperature drift is proportional to 
the working frequency. 

Although, due to the selectivity of each of the tuned circuits in the 
amplifier, the ratio between unwanted and wanted signal is reduced, 
there may be some stage gain at the unwanted frequency if the fre-
quency separation between the two carriers is small; so that, if the 
unwanted signal is much higher in level than the working carrier, block-
ing and cross-modulation may occur somewhere in the intermediate-
frequency chain. In some receivers this problem is overcome by pro-
viding all the required selectivity in a multi-section band-pass filter 
immediately following the last mixer stage. Inexpensive resistance-
capacitance-coupled, or choke-capacitance-coupled amplifiers can then 
be used to give the necessary stage gain. Filters for this purpose are 
usually aligned and sealed before despatch from the factory. With this 
arrangement, valve changes, when servicing, do not cause de-tuning, 
which can have undesirable effects in conventional intermediate-
'requency amplifiers. 

A.M. Demodulation and Noise Limiting 
Diode detectors are almost invariably used for A.M. receivers. The 

circuits are simple, and no complicated lining up procedure is involved. 
A.M. noise limiters operate on the principle of shorting-out or present-

ing an open-circuit to any narrow, steep-fronted pulses in the audio 
waveform, and are set to operate at a level corresponding to a certain 
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FIG. 28.— PEAK NOISC LIMITER 1,,It AN A.M. IZEcmvult. 

modulation depth. Series or shunt diodes are usually employed, or a 
combination of both. 
One form of peak noise limiter using both series and shunt diosles, or 

crystal rectifiers, is illustrated in Fig. 28. While a carrier is bbing 
received, diode A is conducting while diode B is cut off. A peak of 
noise will increase the negative voltage of the anode of diode A, while 
provided that the time constant of the RC components is chosen 
correctly, the cathode voltage remains unchanged. Diode A is there-
fore eut off momentarily, preventing passage of the noise peak to the 
audio amplifier. If diode A is not cut off completely and still conducts, 
it will permit the cathode of diode B to be driven negative relative to its 
anode. Diode B will then conduct and short-circuit the noise to earth 
via the capacitor. 
The point at which limiting occurs is usually adjusted to correspond to 

50 per cent modulation; but, when clipping is used on the associated 
transmitter modulator, the limiting level should be increased to corre-
spond to a higher level of modulation, depending on the degree of 
clipping used. 

F.M. Limiters and Demodulators 

The limiting stage immediately preceding the demodulator is used to 
remove any variations in amplitude of the carrier, including noise peaks, 
‘v1̂: may be superimposed on the signal. 
The usual limiter is a saturated pentode with low anode- and screen-

voltage, and operating with high grid-current bias to give class-C 
operation. As the amplitude of the input wave varies, the grid-bias 
of the valve must vary in sympathy to alter the stage gain, thus keeping 
the output voltage constant. The time constant of the self-bias circuit 
is therefore critical, and must be chosen to suit the particular type of 
amplitude modulation which is encountered. If the unwanted ampli-
tude-modulation is caused by ear-ignition noise, and a single limiter is 
used, a time constant of about 10 microseconds is common. For 
optimum results, however, two or even more limiters should be used 
with different time-constants, for example 2 microseconds and 20 micro-
seconds. 
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(b) 

Automatic-gain-control voltage for F.M. receivers is usually derived 
from the grid of the first limiter stage, since this point becomes moro 
negative with increasing input. 
To ensure that the first limiter stage is saturated at the weakest 

input level, the aerial to demodulator gain of F.M. receivers is usually 
higher than that of a comparable A.M. receiver. 
The circuit of a typical limiter is shown in Fig. 29 (a). Fig. 29 (b) 

shows an alternative biasing arrangement. The time constant of the 
self-bias circuit shown, using a 47-pF capacitor and 100,000-ohm 
resistor, will be 4-7 micro-seconds. 

Discriminators 

The commonest form of discriminator used in F.M. receivers is 
illustrated in Fig. 30. Many variations in detail of this basic circuit 
may be encountered. There is a phase difference of 90° across the 
transformer primary and secondary at resonance, and equal and 
opposite signals are applied to each of the diodes. Since the outputs 

TO AUDIO 
AMPLIFIER 

30.—DISCRIIIINATOR FOR F.M. REcnivEns. 
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FREQUENCY 

FIG. 31.—DISCIiIMINATOR 
RESPONSE. 

of the diodes are in series, the net output at resonance is zero. Off 
resonance, the 'phase difference across the transformer varies, causing 
different voltage levels to be applied to the two diodes. There is, 
therefore, a D.C. voltage produced across the - diode loads. Fig. 31 
shows the output versus frequency response of the circuit. If the input 
to the circuit is varied in frequency at an audio-frequency rate, this 
audio frequency will appear in the output circuit. 
From the response curve, it is seen that for optimum operation, with 

minimum distortion, the urunodulated carrier must fall at the crossover 
point corresponding to no D.C. output, and the frequency separation 
between peaks must be at least twice the deviation. The D.C. current 
in the output resistor can be monitored to assist in setting up the circuit. 
Distortion rises rapidly if the input frequency extends beyond the peaks; 
it is therefore important that the circuit should not be detuned by 
changes in temperature, ate. 

Audio Amplifiers 

Simple, conventional audio amplifiers are used for V.H.F. receivers. 
A low-pass filter is usually provided, cutting off at about 3 kepi; this is 
to eliminate noise above the speech band and thus improve the overall 
signal-to-noise ratio. Power outputs of 1 or 2 watts are usual but up 
to 10 watts may be required for installations where the ambient noise 
is high. On simplex equipment, where the transmitter is not energized 
while receiving, the modulator can be used for this purpose. 

Muting 

Because of the high gain of V.H.F. receivers, the background noise in 
the loudspeaker in the absence of signal is considerable, and some method 
of muting this noise is usually provided. Methods using a relay are 
preferred, since a contact on the relay can then be used for signalling 
purposes. Differential circuits can be used, the simultaneous reduction 
of noise and increase of signal altering the operating conditions of a 
two-valve, flip-flop type of circuit. One of these valves can be one of 
the audio-frequency voltage amplifiers, and the other the relay valve. 
The noise component of the audio signal, for use in this arrangement, is 
usually coupled via a high-pass filter to prevent muting due to modula-
tion. The noise is then amplified and rectified to provide a voltage 
tending to prevent the flip-flop circuit from operating. Variation of the 
gain of the noise amplifier can be used to control the operating level. 
The audio output is shorted to earth via a contact on the muting relay 
until the required signal is received. 
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Cascocle Si', 1 Frequency Amplifier. 

The input impedance of a grounded-grid stage is low, and the 
grounded-grid tnode may be preceded -by a grounded-cathode triode 
to reduce damping across the input circuit. Such an arrangement is 
known as the caecode amplifier. The D.C.-coupled version is usually 
preferred, and is shown in Fig. 33. The gain of the first valve is 
approximately unity, and neutralizing is not therefore required for 
stability. The first valve should, however, be neutralized to achieve 
optimum noise factor, and to reduce the effects of de-tuning, due to 
change of A.G.C. voltage. 
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AERIALS 

A quarter-wave rod, mounted on a flexible insulator and coupled to 
the equipment via 50-ohm co-axial feeder cable, is the commonest 
fitting for mobile installations. The roof of the car is used as the 
ground plane. 

Quarter-wave aerials with ground planes can also be used for fixed 
stations. ' An alternative is the omni-direotional, centre-fed, half-wave 
dipole. With this aerial the 70-ohm feeder is run inside the co-axial 
lower section to correct for the balanced-to-unbalanced connection and 
to eliminate obstruction round the radiating elements. The arrange-
ment is illustrated in Fig. 32. Stacked dipoles can be used to obtain 
aerial gain while preserving the omni-directional radiation pattern. 

Yagi aerials, with quarter-wave line sections to match to 50- or 70-ohm 
feeder cable, are used when a high-gain directional characteristic is 
required. 

Vertically polarized aerials must be used for mobile systems, but 
horizontally polarized Yagi aerials are usually provided for fixed point-

FIG. 32 (left).—CO-AXIAL HALF-
WAVE DIPOLE AERIAL. 

H.T. 
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MIXER 
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CA BL E 

A.G.C. 
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to-point applications, as electrical interference at V.H.F. is generally 
vertically polarized. 

Co-axial cavity filters are sometimes used to permit a number of 
transmitters or receivers to be operated simultaneously with a common 
aerial. When a transmitter and receiver are being operated simul-
taneously with close physical spacing between aerials, blocking may be 
experienced in the receiver, due to grid current being produced in the 
first radio-frequency valve. Cavity filters can be connected in series 
with the receiver feeder to reduce this effect. 

For maximum range the aerial must be installed at as high a point as 
possible: 

POWER SUPPLIES 

For fixed station equipment, normal A.C. rectifier circuits are used. 
For mobile equipment operating with D.C. supplies, the choice is 
between vibrators and rotary transformers. Vibrators are more 
efficient than machines, but are rather more expensive, and effective 
suppression of hash is sometimes tricky. The power-handling capability 
of vibrators is not very big, and they are chiefly used for low-power 
equipment when low-battery drain is important. 

Further information on this subject will be found in Section 14 (Car 
Radio Receivers) Section 36 (Batteries and Vibrators), and Section 41 
(Mobile Installations). 

MECHANICAL FEATURES 

Fixed station equipment is often mounted on 19-in, panels for use in 
standard racks or cabinets. Flexible arrangements to suit individual 
customer's requirements are then more easily catered for. 

For mobile equipment it is convenient to provide a simple shook-
absorbed rack, complete with battery and control connections, per-
manently fixed to the vehicle, the transmitter/receiver unit, or units, 
connecting to the rack by plugs and sockets and secured by some quick-
release mechanism. 

For the cheaper, low-power equipment a common chassis may be used 
for transmitter, receiver and power supplies. From the servicing 
aspect, however, it is more convenient to supply separate units for each, 
preferably with these units further broken down into sub-assemblies 
which can be replaced rapidly. The defective sub-assembly can then 
be serviced at the depot. 

OPERATION OF COMMUNICATION SYSTEMS 

Both simplex and duplex systems are used. In the former, trans-
mitter and receiver work alternately, controlled by a send/receive 
switch, and for simplex equipment some stages of the transmitter and 
receiver, such as the crystal oscillator, audio amplifier and power 
supplies, may be common. 

For duplex equipment, where transmitter and receiver are operated 
simultaneously, two-frequency working is, of course, essential. To 
reduce power drain in duplex equipment, the-transmitter is normally 
kept in the stand-by condition, with valve heaters energized, and is 
switched on only when required for use. 
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Two-frequency operation is also usual for simplex equipment in 
mobile schemes, although this theoretically halves the number of 
available channels. In practice, operation œrthe remaining channels is 
improved, since H.Q. transmitters are grouped together in one band and 
receivers in another. Adjacent mobile equipments then cause little 
interference with each other, since there is a frequency spacing of about 
10 Mc/s between wanted and unwanted signals. 
In large simplex systems the disorganization caused by several out-

stations talking to each other at the same time is avoided if two-
frequency working is employed. Out-stations are then unable to com-
municate with each other directly, and when this is necessary, as is 
often the case on tug installations, for example, the H.Q. equipment 
can be switched as a repeater, the H.Q. operator monitoring both sides 
of the conversation on the loudspeaker and re-connecting the equipment 
for normal operation at the end of the call. 

Diversity Systems 

The range of V.H.F. equipment being limited, a large area cannot be 
covered by a single equipment. 

This difficulty can be over-
come in the case of A.M. systems 
by providing a number of equip-
ments, each operating on a 
slightly different frequency 
about the nominal frequency of 
the scheme. 
The arrangement is illus-

trated in Fig. 34. The service 
areas of the individual equip-
ments have a small overlap. 
A common frequency is not 
used for all equipments, owing 
to the difficulty of obtaining 
correct phasing of signale re-
ceived simultaneously from two 
or more transmitters in the 
overlap area. It is relatively 
simple to ensure that the inputs 
to the three transmitter modu-
lators are ni phase. The receiver 
'ass-band is made wide enough to accommodate all three carriers, and a 
, ow-pass filter eliminates the beat notes produced by reception of more 
than one carrier. For successful operation the frequencies of the main 
station equipments must be rigidly controlled, and crystal ovens are 
essential. • 
The above system cannot be used with F.M. equipment owing to 

the nature of the F.M. demodulator, and, to date, similar systems using 
synchronized F.M. carriers have not given such good results in the 
overlap area. 

FIG. 34.—DIVERSITY SYSTEM 
FOR LARGE AREA COVERAGE. 

CONTROL ARRANGEMENTS 

Fixed stations are often installed at a site remote from the control 
point, where electrical interference is low and good aerial elevation can 
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be obtainea. Uontrol signals are then sent over G.P.O. lines or a further 
short-distance V.H.F. radio link. Where the equipment is in the same 
building as the control point, it is desirable that it should be mounted as 
close as riossible tu the aerial in order to reduce feeder losses; extended 
control arrangements, up to about 100 yd., are then required, using 
multicore cable. 

Controls aro very simple. In a typical duplex arrangement lifting 
the handset on a G.P.O. type desk unit brings on the carrier, and receipt 
of a call is indicated by a bell, operated by the muting relay. For 
simplex schemes, a press-to-talk switch in the handset is used for send/ 
receive operation. 
On mobile installations the transmitter-receiver is often mounted in 

the boot of a car, and the controls are then extended over about 15 ft. of 
multi-core cable to a control unit on the dashboard. On /off, volume 
and send-receive controls aro required. A standby switch is sometimes 
incorporated to reduce battery drain by switching off transmitter valve 
heaters when on receiver watch. Adjustment of muting operating level 
is sometimes brought out to the control unit, since the setting of the relay 
circuit can be affected by the state of charge of the vehicle battery. 
For police and similar services public-address facility is often provided. 

On A.M. equipment the transmitter modulator is switched for this 
purpose. In the case of F.M. equipments, where there is no high-level 
modulator, the final radio-frequency stage ,uin be used, but the switching 
requirements are more complicated. 

MULTI-CH.ANNEL SYSTEMS 

An important application of V.H.F. radio is its use to replace telephone 
cables in undeveloped regions or over difficult terrain, such as rivers, 
valleys or forests. Several speech channels, up to forty-eight in number, 
can be accommodated on one radio circuit. The separate speech signals 
are first combined by means of channelling equipment to give a traffic 
channel, which requires a band-width of 12-204 kcis to accommodate 
forty-eight channels to C.C.I.F. standards. 
The simplest multi-channel system consists of two terminal equip-

ments, linking two telephone exchanges. When a long transmission 
path is involved, repeaters must be used. Frequency modulation is 
invariably used for multi-channel equipment in the V.H.F. band, and 
at repeaters the F.M. carrier can be frequency changed to an inter-
mediate frequency, amplified and frequency changed again to the new 
transmitter frequency, without de-modulation. This system avoids 
cross-modulation between speech channels, introduced by modulator 
and de-modulator circuits at repeaters. For some systems however, 
when the number of repeaters is small, the repeaters may take the form 
of two terminal equipments with through connections. 
The signal input required at each receiver in a system depends on the 

number of telephone channels, the signal-to-noise ratio required for each 
telephone channel, and the number of repeaters used in the system. 
The maximum distance between repeaters is very little more than optical 
range, so that careful siting of stations is required. 

Transmitter powers are usually about 20 watts, but powers up to 
100 watts are occasionally used. The aerial arrays aro generally hori-
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zontally polarized Yagis. Four frequencies are required at each re-
peater, and common aerial working is usually employed to reduce the 
number of aerials and masts, the transmitter and receiver. operating in 
a given direction sharing the same aerial. 

Since repeaters often operate unattended for long periods between 
inspection visits, reliability uf the equipment is of prime importance. 
Facilities are provided to enable the repeaters to be checked from the 
terminal stations by loop tests, and facilities are sometimes provided 
for automatic change-over to stand-by equipment in the event of a fault 
developing at a eepeater. 

Terminal Trammitters 

Modulation may be direct F.M., or by means of a phase modulator 
with a correcting network to give effective frequency modulation. If 
a phase modulator is used, the initial phase deviation must he kept very 
low, since distortion in the modulating process will produce cross-
modulation between speech channels. The deviation co*responding to 
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the necessarily small phase swing is consequently also. very low, of the 
order of 1,000 c/s. As a deviation of about 300 kc/s is required at the 
radiated frequency, there must be considerable multiplication between 
the output of the modulator and the final power-amplifying stages. 
To avoid the use of an unduly low crystal frequency, different harmonics 
of the crystal, one modulated and one unmodulated, are mixed to pro-
duce a signal at crystal frequency with increased deviation. Referring 
to Fig. 35, ;which shows a typical terminal transmitter and receiver in 
block form, the 5-Mc/s output from the crystal oscillator is modulated 
with a deviation of 1 kc/s. After frequency multiplication (nine 
times) the 45-Mc/s signal (deviation 9 -kc/s) is mixed with the un-
modulated eighth harmonic of the crystal to give a signal at 5 Me /s 
with 9 kc/s deviation. 

Supervisory facilities are included to permit maintenance engineers 
at the terminals and repeaters to intercommunicate on a common-party-
line basis. The frequency channel 300-3,000 c/a, which is below the 
frequency of the main traffic channel, is used for this purpose. Common 
ringing. facilities are provided, operated by means of a tone in the 
supery sory frequency band. Receipt of this tone at the other terminal. 
and repeaters operates a relay to connect a call bell. The circuit may 
usually be extended, when required, on a two-wire junction with D.C. 
signalling, to a local exchange. 

Terminal Receivers 

The best possible noise factor is essential, and a cascode signal-
frequency amplifier is usually preferred. The design of the wide-band 
intermediate-frequency amplifier requires care, since any phase shift 
before the de-modulator will have adverse effects on the channel cross-
modulation performance. 

Repeaters 

A block diagram of a non-de-modulating repeater is shown in Fig. 36. 
The arrangement shown is duplicated for traffic in the opposite direction. 

After signal-frequency amplification the carrier is reduced to inter-
mediate frequency by means of a mixer and local oscillator. After 
further amplification at intermediate frequency, another mixer and 
local oscillator are then used to give the new radiated frequency. To 
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FIG. 311—MULTI-CHANNEL REPEATER. 
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minimize the effects of the frequency tolerance being degraded at each 
repeater, the two local oscillators are sometimes controlled from a 
common crystal oscillator. 
To obtain the supervisory facilities, part of the intermediate-frequency 

output is taken via a local discriminator to extract the supervisory chan-
nel for the maintenance engineers' intercommunication facility, and 
for calling and test tones. Supervisory information is put into the 
system by phase modulating the local oscillator input to the first mixer. 

Test Facilities 

Provision is usually made for the unattended repeater equipments to 
be tested from the main terminals at the ends of the link. The tests 
are made by use of tones, different for each repeater, in the supervisory 
band. Receipt of the correct tone at a repeater operates relays, which 
loop part of the boosted transmitter output back to the receiver of the 
opposite direction repeater, via a frequency-changing mixer and local 
oscillator. The overall performance of the terminal transmitter/re-
ceiver, the repeater transmitter/receiver and any intervening reeaters 
may then be measured. 

Circuits are often provided at unattended repeaters to send warnings 
in the event of a given degradatio'n of signal-noise ratio, or if the trans-
mitter power output falls below a pre-determined level. The warnings 
are transmitted by modulating tones in the supervisory channel. 

Automatic Change-over to Stand-by Equipment 

There are a number of ways in which the automatic change-over 
facility can be used in a multi-channel link, and one is illustrated in 
Fig. 37. 

In this arrangement the entire link, shown operating on frequencies 
FI-F4, is duplicated by similar equipment operating on frequencies 
F5-F8. The traffic over the system is normally connected to one of the 
links, FI-F4 in the diagram. The other link is fully operational, and 
loop tests, as mentioned above, may be carried out. 
To follow the operation of the system, let us assume that.a fault occurs 

in say the path FI-F2. The signal-to-noise ratio at receiver F2 will 
fall, causing a change-over relay at the east terminal to operate. The 
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operation of the change-over relay rings an alarm, switches off trans-
mitter F3 and changes the traffic over to the stand-by link F5-F8, as 
indicated by the dotted lines. Transmitter F3 going off causes receiver 
F3 to switch off transmitter F4, and transmitter F4 going off operates 
the change-over circuit at receiver F4. The change-over equipment at 
the west terminal then transfers traffic to the stand-by link F5-F8. 

Operation of the alarm circuits at the terminals draws the attention 
of the maintenance engineers, who restore H.T. to the terminal trans-
mitters, bringing on the system and permitting loop tests to be made to 
find the faulty repeater. If the stand-by link should develop a fault 
first, only the alarm cireuits operate. 
Further information on V.H.F. mmuni systems and equip-

ment is given in Sections 7, 17 and 41. 

P. R. K. 
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9. AMATEUR RADIO EQUIPMENT 

The Amateur Radio Service has been defined, internationally, as: 
" A service of self-training, intercommunication and technical investiga-
tions carried on by amateurs, that is, by duly authorized persons 
interested in radio technique solely with a personal aim and without 
pecuniary interest." There are in the United Kingdom more than 
8,000 licensed amateurs, and throughout the world more than 250,000 
such stations. While many of these stations she operated purely for 
the pleasure to be derived from two-way communication with like • 
minded persons in other lands, it must be recognized that the amateur 
plays a valuable role in the practical application of new techniques in 
the genesal field of radio communication, while thedrompetitive nature 
or such operating, the extremely crowded amateur frequency bands, the 
frt.quent absence of elaborate test equipment and the difficulties of 
operating radio transmitters from private houses surrounded by 
domestic radio and television receivers have all tended to bring about the 
development of equipment specially designed to meet the needs of the 
amateur. 

Licences 

To operate an amateur station in the United Kingdom it is necessary 
to obtain a licence from the Postmaster General ( Radio Services De-
partment, Radio Branch, General Post Office, London, E.C.1). Ap-
plicants must be over fourteen years of age, furnish proof of nationality, 
and be prepared to take technical and Morse code examinations. Apart 
from a knowledge of fundamental radio transmitting and receiving 
theory, the questions require a knowledge of the amateur licence regula-
tions and the ability to send and receive plain language in Morse code 
at a speed of twelve words per minute. There is a fee of £2 per annum 
(additional fees are payable for mobile or amateur television facilities). 
A pamphlet " How to Become a Radio Amateur " can be obtained from 
the above address. 

Amateur Frequencies 

The frequencies on which amateurs are permitted to operate in the 
United Kingdom are as given in Table 1. 

The use made of these bands may be summarized as follows: 

1-8 Mc/s. Used for semi-local (up to about 100 miles) telegraphy 
and telephony during daylight, and for inter-British Isles work-
ing during darkness. In favourable conditions during the winter 
nights long-distance and Transatlantic contacts are made 
occasionally, despite the limitation of power. 

3.5 Mc/s. Widely used for inter-British Isles and European 
communication, and for long-distance communication during 
favourable propagation conditions. Telegraphy stations generally 
use from about 15 to 100 watts input. Telephony stations tend 
to use from 50 to 150 watts. 

9-2 
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TABLE 1.-AMATEUR FREQUENCIES 

Max. D.C. 
Frequency Input 
(McIs) (Watts) 

Types of Emission Permitted 

Narrow band F.M. (FI, 
1.8-2•0 * 10 Al, A2, A3, A3a F2, F3) with maxi. 
353S * 150 Al, A2, A3, A3a mum deviation- . 2-5 
7.0-7.15 -1" 150 Al, A2, A3, A3a kc/s and guard band 

14-0-14.35 150 Al, A2, A3, A3a of 10 ko/s. Maxi-
21.0-21-45 150 Al, A2, A3, A3a mum modulating 

frequency 4 kc/s. 
28.0-30.0 150 Al, A2, A3, A3a, F1, F2, F3 
70.2-70.4 * II 50 .A 1, A2, A3, A3a 
144-146 § 151., Al, A2, A3, A3a ( 144-5-145.5 Meis: F1, 

. F2, F3) 
420-460 * 150 Al, A2, A3, A3a, FI, F2, F3 (425-455 

Mc/s : A54 F5 1) 
1,215-1,325 '' 150 Al, A2, A3, A3a, FI, F2, F3 ( 1,225-1,290 

Me/s : A5, F5) 
2,300 -2,450 150 Al, A2, A3, A3a, A54 FI, F2, F3, F5 t 

(2,350-2,400 Me/s : 25 watts mean, 
2.5 kW peak, Pl, P2d, P2e, P3d, P3e) 

5,650-5,850 150 Al. A2, A3, A3a, A54 F1, F2, F3, F5 .t. 
(5,700-5,S00 Me/s : 25 watts mean, 
2.5 kW peak, Pl, P2d, P2e, P3d, P3e) 

10,000-10,500 150 ' Al, A2, A3, A3a, A54 FI, F2, F3, F5 1. 

1 (10,050-10,450 Mcfs: 25 watts mean, 
2.5 kW peak, PI, P2d, P2e, P3d, P3e) 

I 
• Shared with other Servi,. 
t 7.10-7-15 Alcis sharer, wit!,oftr s7;erviees. • 
7 An additional licence is required fur Anedeur Television trans.rnission. 
§ 144-145.5 Me/s shared with other Services. 
II Not to be used within a 50-mile radius of JodreltBank Observatory. 

7 Mc/s. Inter-British Isles communication during periods of 
peak sunspot activity, inter- European and long-distance corn-
munication. at other times. Considerable interference is caused 
to amateurs by broadcast stations operating within this band. 

14 Me/s. The most .reliable long-distance band; con-iderable 
inter-European working also takes place. 

21 Mc/s and 28 Mc/s. These bands are used for long-distance 
daylight communication during periods when the maximum 
usable frequency is high, but activity tends to fall sharply at 
other times. 

144 Mc/s. Used for semi-local communication, and for longer 
distances ( 100-500 miles) during periods of tropospheric bending. 

420 Me/s. Used for U.H.F. and amateur television experiments, 
with occasionally contacts over :Ewer& hundred miles when 
conditions favourable. Used by about 100 British stations with 
power inputs usually below about 40 watts. 

Above 420 Mc/s. These bands are used for experimental work, and 
little or no " general " communication occurs. 
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Division of Equipment 
It will thus be seen that the pattern of equipment in any particular 

station is set largely by the type of communication—local, semi-local 
or long-distance—and the mode of operation—telegraphy or telephony 
—in which the owner_is most interested. Certain general tendencies in 
design may, however, be distinguished. 
For example, on 1-8 and 3.5 Mc/s one small general-purpose trans-

mitter for telegraphy (Al) and amplitude-modulated telephony (A3) 
with a maximum input of the order of 25-40 watts is often used in 
conjunction with an end-fed " long-wire " (exceeding 100 ft.) aerial; 
a half-wave aerial on 3.5 Mc/s (about 135 ft.) is a popular arrangement. 
The coverage of all bands from 3.5 to 28 Mc/à is usually regarded as 

being within the scope of one transmitter, with variable frequency 
control, and preferably with some form of band-switching. Maximum 
input will usually be of the order of 60-150 watts. Popular B.F. aerials 
include dipoles fed by co-axial feeder or by resonant lines, folded di-
poles fed by 300-ohm ribbon feeder, " Zepp " multi-band aerials and 
I32-ft. " long-wire " aerials. For omni-directional, low-angle radiation. 
the " ground plane" 3 a most effective aerial. The above types are 
similar to those described in Section 21 for receiving. Recent trends 
have been towards greater use of rotating directional Yagi arrays on 
14 Mc/s and above, often with elements shortened by electrical loading. 
Another popular parasitically excited array is the cubical quad ", in 
which each element is an electrical wavelength long, folded in the form 
of a square. Multi-band aerials with paralleled dipoles or with " trans " 
are also widely used. 
A separate transmitter, in so far as the radio-frequency section is 

concerned, is normally emplc. -!cl for 144 Mc/s, usually crystal-controlled 
from an 8-Mc/s crystal, then employing a series of frequency multiplie! s 
to 144 Mc/e, followed by a double-tetrode valve in a power-amplifier 
stage. Inputs vary according to the type of output valve employed 
between about 25 and 150 watts. Multi-element stacked or Yogi 
aerial arrays are mos't popular. 
For 420 Mc/s, it is common practice to use the 144-Mc/s transmitter 

followed by a power-tripler stage or alternatively by a frequency-
tripler stage and a power amplifier. A few single-stage self-excited 
transmitters are also in operation. Stacked aerial arrays of up to 
about forty-eight elements are used. 
Above 420 Mois most of the equipment so far employed has been 

• modified forms of equipment designed originally for the Services. 
There is increasing interest in mobile operation, usually with tele-

phony on 1-8, 28 or 144 Mc/s. In the U.S.A. increasing use is being 
made of single-sideband transmissions for this application. 

HIGH-FREQUENCY TRANSMITTER DESIGN 
The transmitter may be considered in three main .sections: 

oscillators; exciters; power amplifiers. An important factor in the 
design of amateur transmitters, as opposed to those for commercial 
purposes, is that the amateur frequency bands are approximately in 
harmonic relationship, and high efficiency at these particular portions 
of the spectrum is required rather than wide continuous coverage. 

Before the 1939-45 war, the vast majority of British amateurs used 
crystal-controlled transmitters—a form of frequency contrd1 that the 
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amateurs had indeed done much to popularize. But in the posl-war 
. year8. the crowded state of the various high-frequency bands and the 
general practice of " netting"—that is to say the use of the same 
frequency by the two or more stations in communication—hay led to 
almost universal reversion to the master oscillator, generally ter led by 
• amateurs " variable-frequency oscillator". But in doing I), the 
extreme selectivity of receivers, and the general desire, partly from a 
prestige viewpoint, to possess a " clean " note, free from frequency drift 
and keying chirp, has led the amateur to pay considerable attention to 
the problem of obtaining, with relatively simple and economical circuits, 
a note comparable to that previously obtained &wit crystal-controlled 
equipment, now mainly restricted to uso on V.H.F. or by beginners or 
for simple portable apparatus. 

The amateur variable-frequency oscillator is often built separately 
from the main transmitter, unless this be of the compact table-top type, 
with the oscillator placed directly upon the operating table, so that the 
frequency may be readily changed within a particular band without the 
operator having to move from his chair. In practice, this unit generally 
comprises a low-power receiving-type valve oscillator with the funda-
mental tuned circuit on .3.5 Mcis or below, fed from a stabilized power 
source, and followed by at least one isolating stage operating in Class A, 
the unit providing a radio-frequency output of the order of 1 watt. 

Fig. 1 shows four popular oscillator circuits. Fig. 1 (a) is the electron. 
coupled oscillator (B.C.0.) multiplier developed from the Dow oscillator 
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FIG. 1.—POPULAR VAR/ABLE FREQUENCY OSCILLATOR CIRCITITS: (a) .C.O.; 

(b) "CL.LPP "; (C) " COMO " ; (d) "FRANKLIN ". 
(In (c) a resistor should be included between grid and chassis.) 
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circuit. Provided that care is taken in the choice of the L—C ratio 
(high-C is essential) and the cathode tap is closed to the " earthy " end 
of the coil, a reasonably stable output can be obtained with the fre 
quency varying little for relatively large changes of supply voltage 
and load conditions. • As . with all self-excited oscillator circuits, 
mechanical stability of the frequency-control circuit is of great im-
portance; as is the avoidance of undue heating of this circuit, unless 
provision is made for the use of two capacitors of opposing temperature 
coefficients. The valve should posses.: good internal shielding; audio-
beam tetrodes in which the beam-forming plates are connected to the 
cathode or pentoiles with the suppressor grid connected internally to the 
cathode aro (insult able. 
The popular Clapp "—a series- tuned modified Colpitts oscillator 

circuit is shown in Fig. 1 (b). This circuit has the advantage that 
changes of valve- input capacitance and anode loading have com-
paratively little effect on the frequency; the circuit also permits the 
.use of a series-resonant tuned circuit with a high L—C ratio and high Q. 
A further advantage of this arrangen-... .is that the frequency-deter-
mining tuned circuit may be physically separated from the oscillator 
‘ial-e, to which it can be coupled by co-axial cable; this permits the 
tuned circuit alone to be placed on the operating table, completely un-
affected by the heat of the valve, which may be in the main transmitter 
chassis. 
Tho " COMO " (Crystal Oscillator or Master Oscillator) circuit 

shown in Fig. 1 (e) has the advantage that the variable- frequency tuned 
circuit may be readily replaced by a quartz crystal. ‘Vhen operating 
as a master oscillator, the circuit forms a modified Colpitts oscillator. 
The" Franklin" oscillator (Fig. 1 (d)) has the feature that the coupling 

to the frequency-determining circuit may be made very small, so that 
valve-impedance changes, etc., have little effect on the frequency. 
With care, any uf these arrangements will provide a stable source of 

radio frequency. Receiving-type radio-frequency pentodes, such as 
the 6.AM6, SP6, Z77, 6F12, F.F91, 6SK7, 6SJ7, 1.:F50, are suitable. 

Exciters 
In recent years the function of the intermediate stages between the 

oscillator unit ( including any isolating stages that may be regarded as a 
part of this) and the amplifier which delivers power to the aerial hais 
changed. Formerly the main function of these stages was—with each 
successive valve—to build up the radio-frequency power to whatever 
was necessary to drive a triode power amplifier; frequency multiplica-
tion, where necessary, was only a secondary function of thee stages. 
Today the relative importance of these functions is reversed.« Tho 
widespread use of power tetrodes in the power-amplifier stage means that 
only a few watts (2-10) of radio-frequency power are required to drive 
such a stage to the full 150 watts permitted. On the other hand, the 
growing desire that the transmitter should be capable of being switched . 
immediately from one band to another, without manual sec:ill changing. 
and without extensive re-adjustment, means that greater attention has 
to be paid to the use of frequency doublers that çan bo switched in and 
out of operation, and—where the exciter unit is physically separated 
from the power-amplifier stage—that deliver a low impedance output 
for matching to co-axial line. 

Incidentally, when planning an exciter it should be remembered that 
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whilst over-driving of beam tetrodes in the power amplifier must be 
avoided in order to minimize harmonic output, nevertheless, roughly 
twice the grid driving power specified by the valve manufacturer should 
preferably be available from the exciter in order to allow for circuit 
losses and to provide good regulation. 
To secure " wide-band " characteristics for each stage—i.e., so that 

the stage will function without loss of efficiency from the high to the 
low limits of the band—it is now common practico for " wide-band 
couplers" to be incorporated as intervalve coupling units. These 
couplers resemble basically intermediate-frequency transformers, with 
the desired band pass characteristics obtained by over:coupling, or by 
choice of L-C ratio. Occasionally link-coupling between the two 
resonant circuits is used, and this facilitates the provision of a low-
impedance output where required. 

Since the power required from an exciter is usually of the order of 
3 watts, receiving-typo audio-output valves, such as the 6AQ5, 6V6, 
KT66, 6L6, etc., are frequently employed; the slight loss in efficiency 
as compared with that which can be obtained with valves specifically 
designed for radio- frequency amplification being usually considered 
less important than economy. Where greater efficiency is required, 
valve types such as the 5763, QV04/12, etc., may be used. 

Power Amplifiers 

The basic design of power-amplifier stages for amateur requirements 
differs little from that followed in commercial practice. The most 
popular arrangements are: ( 1) single-ended beam tetrode; (2) two 
beam tetrodes in push-pull; (3) two beam tetrodes in parallel. Triodes 
and radio-frequency pentodes are also encountered. For efficiency, the 
valves are invariably operated in either Class B or Class C condition. 
For low- and medium-power transmitters, a single 807. the similar 

QV05/20, or the 6146 (V06/20) is extremely popular, whilst for higher 
powers two of these valves may be used, or a single 813. 

Instability in Amplifiers 

The use of high-slope valves, often without neutralization, has led to 
considerable attention having to be paid to the prevention of self-
oscillation and parasitic oscillation iñ amplifiers. Such instability may 
cause a roughening of the note, or a marked decrease in the efficiency of 
the stage, apart from the possibility of radiation occurring e frequencies 
outside the amateur bands. 

Self-oscillation at frequencies close to that of the transmitter is caused 
by positive feedback from the output to the input circuits of the stage, 
either through valve anode-to-grid electrode capacitanoe or externally 
through stray capacitances or coupling, so that the stage forms a tuned-
anode-tuned-grid oscillator. In operation this effect may. be masked 
by the effect of the bias voltage : a critical test of the stability of a 
Class B amplifier stage can be made by removing the drive and the out-
put loading and reducing bias until the stage is drawing a fair current 
under Class A conditions; the anode and grid tuning Capacitors are 
then alternatively varied and a watch • kept for any sudden change in 
anode current that would denote self-oscillation. The anode-to-grid 
capacitance of an 807-type of valve is of this order of 0.2 pF, and if the 



TABLE 2.-TETRODE R.F. POWER AMPLIFYING VALVES COMMONLY USED IN AMATEUR TRANSMITTERS 

TVPe Mode 

Max. 
D.C. 
Input 

(Watts) 

Max. 
Anode 
Din. 

(Waite) 

Max. 
Anode 
Voltage 

(Voile) 

Max. 
Anode 
Current 

(mA) 

Max. 
Screen 
Voltage 
(Volts) 

Max. 
Screen 
Die. 

(Watts) 

M a•x.  
Freo•  at 
Full 

„„„n . 
?pc' 1,9; 

' C'. 
,l''''_ 

Max. 
Output 
(Watts) 

arid-anode 
Capacitance 

(PP) 

. 
Heater Rating 

Volts Amps 

6A07 Al 11.25 9 375 30 250 1.5 10 7.5 0.06 6.3 0.65 
6AQ5, EL90 Al 16.5 8 350 47 250 2 54 11 0.35 6.3 0.45 
6V6GT Al 16.5 8.0 350 47 250 2.0 10 11 0.7 6.3 0.45 

61.13G. == 0.9 
6L6, KT66 Al 40 21.0 400 100 SOO 3.5 10 28 0.4 6.3 0.9 

A3 21 - 325 65 250 - - 11 - - - 
807, QV05-25 Al 75 30.0 750 , 100 300 3.5 60 50 0.2 G-3 0.9 

A3 60 - 600 100 275 - - 42.5 - - - 
5763, QV03-12 Al 15 12.0 300 50 250 2.0 175 8.0 0.3 6.0 0-75 
6146, QV06- 20 Al 90 25 750 120 250 3 GO 69 0-22 6.3 1-25 

Al 67 - 600 112 150 - - 52 - - 
832 Al 35 • 15-0 500 72 250 5.0 200 26.0 0.05 6.3 1.6 

12.6 0.8 
832 A3 21 - 425 52 200 - - 16.0 - - _ 
832A Al 35 15.0 750 48 250 5.0 200 26.0 0-05 6.3 1.6 

12.6 0.8 
829 Al 120 40.0 500 240 225 7.0 200 83-0 0.1 6.3 2.25 

12-6 1.12 
A3 oo - 425 212 200 - - 63-0 - - _ 

829A Al 120 40.0 750 160 240 7.0 200 87.0 0.1 6.3 2.25 
12.6 1.12 

813, QY2/100 Al 500 100.0 2,250 220 400 22-0 30 375.0 0.2 10.0 5.0 
Al 400 - 2,000 200 350 - - 300.0 - - - 

4-65A, QY3-65 Al 345 • 65 3,000 115 400 10 160 280 0.08 6.0 3.5 
A3 325 • - 2,500 108 400 . - - 225 - - _ 

• Forced Air Cooling. 
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effect of this capacitance is appreciably increased by zxternal coupling, 
t.a.t.g. oscillation will almest certainly occur. For exit§ reason the 
physical layout of the stage, and the electrical separation of the input 
and output circuits are most important if the added complication of 
neutralizing is to be avoided. Bridge neutralization (see Section 15) is 
commonly used. 

Parasitic oscillation may occur at much higher or much lower fre-
quencies than that at which the stage is intended to operate. The basic 
cause is that the conditions for t.a.t g. oscillation may arise unintention-
ally in the input and output circuits. For example, V.H.F. parasitics— 
usually in the range 100-200 Mc/s—may be the result of the leads to the 
anode and grid tank circuits themselves forming series-resonant circuits 
within this range. Low-frequency parosities, on the other hand, may 
be due to t.a.t.g. oscillatory circuits being set up by the resonance of 
two radio-frequency chokes. 
To eliminate V.H.F. parasitics, a choke formed of fifteen turns, 1- in.- 

diameter heavy-gauge wire may be inserted in the grid lead close to the 
valve bole, and a second choke of eight turns in the anode lead(s). 
Alternatively, carbon resistors of 10-22 ohms may be used. Parasitic 
chokes of this type may cause a slight loss in drive power above about 
14 Mc/s. The use of parasitic chokes in the screen-grid leads is not 
recommended. 

Other methods of improving stability include: 

(1) The use of more effective by-passing to earth of screen-grid, 
filament, grid return and anode return. 

(2) Making the grid leads much longer than the anode leads or 
vice versa (this arrangement is often most effective in stages 
operating on 3.5 Me/s or less). 

(3) The use of iron or nichrome wire for grid, anode or 
neutralizing leads. 

(4) NeutraLring tetrode valves. 
(5) Carefully balancing the drive to both valves in push-pull 

circuits (a good check is to compare screen-grid currents). 
(6) Avoiding over-driving of the stage. 

Tank Circuits 

The amateur has a distinct advantage over the commercial designer 
in that he does not require complete frequency coverage, and his bands 
are roughly in harmonic relationship. Since, however, his power input 
is limited by licence regulations, the efficiency of the power-amplifier-
anode-tank circuit is of considerable importance. For this reason, until 
comparatively recently, it was the practice to use separate plug-in coils, 
designed to have the correct L-0 ratio for optimum output on each band. 
The desire for.more rapid and easier band-changing, and the disappear-
ance of open, unshielded, ".bread-board" layouts, have brought into 
popularity a number of other arrangements. These include the rotary-
turret—electrically similar to the plug-in system—and a number of 
multi-band devices. Fig. 2 shows a popular multi-band circuit, devised 
by G2HDU, and based on the pi-matching network; this circuit pro-
vides matching to serials of any impedance over the range 3-5--30 Mc/s. 
Fig. 3 is a simplified arrangement for low-impedance output which 
diapenseawith one tuning capacitor. 
A different approach to the problem is a reasonably high-Q multiple 
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14 /2 1/2 8 

PA 

FIG. 3.—MULTi-BAND - 
IMPED ANCE OUTPUT CIRCUIT. 

3.5 /7 

FIG. 2.—M ULTI -BAND PI. 
COUPLING OUTPUT CIRCUIT. 

system which can tune to any amateur band between 3.5 and 30 Mcis 
Without switching or coil changing. The basic idea, developed in the 
United States, is shown in Fig. 4. LI is an inductance considerably 
smaller in value than L2. On the lower frequencies Li acts, in effect, 
as a long lead to CI so that this capacitor is connected in parallel with C2. 
On the higher frequencies L2 acts as a radio-frequency choke, and Li 
determines the resonant frequency. Thus between the points A and B, 
the arrangement tunes simultaneously to two widely different fre-
quencies: by careful arrangement of the relative values of the two 
inductances, no two amateur bands need appear at the same setting of 
the ganged tuning capacitors. In practice, the push-pull version of 
this circii";., shown in Fig. 5, is the more common. 

Drive and Bias 
In amateur radio-frequency power amplifiers, the bias required for 

Class C operation of power tetrodes is of the order of 60-100 volts. 

A 
1ST 

RFC 

H.T.+ 

FIG. 4. —M U LTIPLE TUNING AR- FIG. 5. — M 1.7 LTI PLE TUNING AR-
R VNG El%1 EN T FOR SINGLE-ENDED RANGEMENT FOR Puss-FULL OUT. 

OUTPUT. PUT STAGE. 
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6.—CLAMP-VALVE ARRANGE-
MENT FOR TEE PROTECTION OF A 

POWER AMPLIFIER VALVE. 

While an H.T. battery or a small, well-smoothed power pack may be 
used for this purpose, biasing voltages—on the grounds of simplicity 
and economy—are more often derived from biasing resistors inserted in 
the grid return lead. Since grid current flows only when drive is applied 
to the stage, some form of valve protection may be incorporated to 
prevent the anode and screen current from rising to a dangerous value 
in the absence of excitation, or—for telegraphy operation—where it is 
required to key a stage other than the power amplifier. The simplest 
form of protection is the use of a cathode bias resistor, in addition to the 
grid resistor, but this has the disadvantage for telegraphy operation 
that the standing current in the power-amplifier stage will be con-
siderable, and some noise radiation will occur at roughly the frequency 
to which the tank circuit is tuned. 
The " clamp valve" protection arrangement shown in Fig. 6 is 

becoming increasingly popular. In the absence of drive, V, draws 
current and this has the effect of reducing the voltage applied to the 
screen of the power-amplifier valve to a comparatively low figure, and 
thus limiting the current flowing through V. When radio-frequency 
drive is applied to VI, the grid current flowing in R, will bias V1 to 
cut-off (the radio-frequency choke prevents radio-frequency voltages 
from being applied to V,) so that the normal screen-grid voltage is 
applied to V,. 

Television Interference 

The major problem that has faced amateurs in the post-war period 
has been the operation of transmitters in close proximity to domestic 
television receivers. Although amateur transmitters are the cause of 
only a very small percentage of the total number of ccmplaints of tele-
vision interference as investigated by the G.P.O., the problem facing the 
individual amateur should not be underestimated: it is made more 
difficult from the amateur viewpoint by the fact that the third harmonie 
of the amateur 14-Me/s band lies with'. the London television band 
(Channel 1); and the second harmonic of the 28-Mc is band may affect 
either the Kirk o' Shotts or Sutton Coldfield television bands (Channels 
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3 or 4). Furthermore, the intermediate and image frequencies of many 
older television receivers are such that nearby amateur transmitters, 
through no fault of their equipment, are liable to break through. As 
with all forms of interference, the problem becomes more acute when 
the signal strength of the television station is low. 

Television interference may be caused by: 

(1) The radiation from the amateur transmitter of harmonic or 
spurious signals falling within the television channel concerned. 

(2) Direct break-through of transmissions at or near the inter-
mediate frequency of the receiver. 

(3) A spurious response of the television receiver (image, beating 
with harmonic of local oscillator, etc.) 

(4) Over-loading of the " front-end " of the television receiver 

causing cross-modulation. 
(5) Cross-modulation caused by the external rectification of the 

amateur signals by a faulty joint in the television receiver aerial, 
or nearby metalwork. 

(8) Parasitic oscillation in the audio section of the amateur 

transmitter. 
(7) Harmonic radiation of the local oscillator of the amateur 

receiver. 
(8) Key clicks or telephony splatter from the amateur trros-

mitter. (9) Direct pick-up of the amateur signals in the video amplifier 

or audio stages of the tel— ision receiver. 

Of these nine items, only ( 1), ( 6), ( 7) and (8) are the direct responsibility 
of the amateur, though he will generally do whatever he can to help 
eliminate interference arising from the other causes, which, basically, are 
often due to defective television-receiver design. 

It is towards the prevention of any harmful radiation of harmonic 
signals at television frequencies that the main activities of the amateur 
has been concentrated. Since, in urban conditions, the neighbour's 
television aerial may be within a few feet of the transmitting aerial, 
and a few rnilliwatte of radio-frequency energy may be more than 
sufficient to mar reception, it will be appreciated teat harmonic sup-
pression of a very high order is required. 
However, many modern stations may be operated on all amateur 

frequencies without causing interference to televi-ion receivers, even 
when these are in the same room or building. Generally speaking. the 
most successful method so far developed lies in the screening and filter-
ing of the transmitter to a far greater extent than was previously normal 
amateur practice, combined with careful checking of the harmonic out-
put. By keeping the harmonic energy developed in each stage to a low 
level, completely screening the unite, filtering all leads emerging from 
the units and inserting a three- or four-stage low-pass filter in a low-
impedance co-axial line to the aerial tuning unit, harmonic output can 
usually be kept to manageable proportions, even in television fringe areas. 

Transmitter design factors that are of value in reducing harmonic 

output may be summarized as follows: 

(1) The use of adequate screening, completely enclosing the 
radio-frequency sections, and preferably including the power 
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supplied, ,taking into account meter apertures, ventilation louvres 
and loosely fitting lids. To provide ventilation, fine copper 
mesh may be employed, but on no account should slots be left 
unshielded. 

(2) The operation of all sta,t • other than the power amplifier 
(and penultimate amplifier, where more drive is required) at the 
lowest possible input, keeping drive and grid current in each stage to 
the minimum practicable. 

(3) The operation of stages under Class B rather than Class C 
conditions, with high-C anode tank circuits, and link-coupling or 
" wide-band " couplers between each stage and a pi-coupling out-
put network.. 

(4) The provision of efficient radio-frequency by-passing, with all 
earth leads for each stage returned directly te the cathode valve 
pin with short, heavy-gauge wire,or copper strip, and good-quality 
capacitors. 

(5) The use of cables made up of individually screened wires for 
alter-unit connections, with adequate radio-frequency filtering of 
all wires immediately before they emerge from the screened 
units. 

(8) The aerial should not be coupled directly to the power-
amplifier tank circuit but to a separate aerial coupling unit, con-
nected to the power amplifier by low-impedance screened co-axial 
line with a low-pass filter interposed between the tank circuit and 
the aerial coupler. 

(7) The use of a screened mains filter in the main power cable 
close to tho transmitter 

(8) The avoidance of feedback in all radio-frequency stages by: 
(a) use, of multi-grid rather than triode valves; (b) careful lay-
out; (c) use of screened coils. 

(9) Use of parallel-tuned traps in the anode circuits, tuned to 
reject the offending harmonic. 

When investigating television interference caused by harmonic 
radiation it is important to determine from which stage(s) the offending 
radiation is taking place: it is. for example, no use installing low-pass 
filters in the aerial feeders or redesigning the power amplifier if the 
harmonic signal is reaching the television receiver directly (or via 
the mains supply) from a frequency-doubler stage, or even from the 
oscillator unit. 
For new equipment, the greater ease of providing adequate screening 

for one unit, rather than for a series of rack-mounted or separate 
units, has brought about a trend towards the compactly built " table-
top " transmitter. 

Modulation and Ruing 

All British amateurs may use either telegraphy (Al) or telephony 
(A3, A3a). In recent years there has been a trend towards more 
telephony operation but there is still considerable use made of tele-
graphy. In order to minimize interference between stations using these 
different modes, the Radio Society of Great Britain has requested 
British amateurs to adhere voluntarily to the following division of the 
high-frequency bands given in Table 3. 
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TABLE 3.—Divistorr or HIGH-FREQTJENCY BANDS 

kele Mode la's Mode 

3,500-3,600 
7,000-7,050 ' 
14,000-14.100 
31,000-21,150 
28,000-28,200 

Telegraphy only 
Telegraphy only 
Telegraphy only 
Telegraphy only 
Telegraphy only 

3,600-3,800 
7.050-7,150 

14,100-14.350 
21,150-21,450 
28,200-30,000 

Telephony only 
Telephony and telegraphy 
Telephony and telegraphy 
Telephony and telegraphy 
Telephony and telegraphy 

It will thus be seen that the frequencies available, in relation to the 
large number of stations involved, are extremely restricted, and for 
this reason considerable efforts have been directed at the reduction of 
the band-width of telephony transmissions in order to allow a greater 
number of stations to operate without mutual interference. The 
International Amateur Radio Union (Region 1 Bureau) has recom-
mended that amateur telephony transmissions should have an attenua-
tion at 4000 cis of 26 db with referenoe to the response at 1000 0/5; 
such characteristics may be achieved by cut-off filters, used in conjunc-
tion with splatter suppression. To reduce the side-bands and to increase 
the average power output of telephony transmitters, the frequency 
range for speech communication may be restricted to about 500-
2,500 cis without effect on the intelligibility; average power output may 
be further increased by volume compression and by speech clipping and 
filtering. Tho crowded state of the amateur bands, and the con-
siderably greater power efficiency of the system, has also turned the 
attention of a number of amateurs to single-side-band-supPressed-carrier 
(S.S.B.) transmission, and it seems likely that this system will be used 
increasingly in the future, especially when the problems associated with 
the initial setting up of S.S.B. transmitters without elaborate test 

equipment have been overcome. 
Most itmateur stations use either the filter or phasing method of 

S.S.B. generation, though interest is growing in the " third method" 
(see Section 7). Currently, a filter system based on half-lattice crystal 

Ei
BALANCED   MODULATOR  

900 PHASEI 
SHIFT  

Ll BALANCED I  
MODULATOR  

 190° PHASEI 
OSC. 1 SH FT I 

FIG. 7.—BLOCIC DIAGRAM or S.S.B. GENERATOR USING PHASING SYSTEM. 

LINRE.FA.0ÜTPUT 
AMP.  

networks, usually with four crystals at about 450 kcis, is popular: a 
mechanical filter (see Section 47) may be used instead of crystals. 
':„.-he phasing system, Fig. 7, though basically cheaper, uses close-
tolerance components of uncommon values in the 90-degree A.F. 
phase shift and tends to require readjustment more often; however, 
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less stages of frequency conversion are needed than with filters. With 
the filter system, a low-level D.S.B. signal is obtained from a balanced 
modulator. This is then passed through the filter to slice off one sideband 
and afterwards converted to the desired frequency in one or more 
heterodyne mixer stages. The output from a low-level S.S.B. exciter 
is usually fed to a linear amplifier. 
The simpler double-sideband (D.S.B.) suppressed carrier system is 

sometimes used, and can be effective when received on a set having 
sufficient selectivity to filter out one of the sidebands (otherwise the re-
injected carrier must be in correct phase as well as at the correct fre-
quency). However, since for simplicity such transmitters usually have 
a high-level balanced modulator with the A.F. applied to the screen. 
grids, it is difficult to avoid some distortion, and the effective power 
gain will be lees than that of S.S.B. unless special receiver circuits are 
used. 

Conventional plate-and-screen modulation of tetrode power amplifiers 
continues to be widely used by amateurs, but the relatively high audio 
power required for 100 per cent modulation (approximately 50 per cent 
of the D.C. input to the power amplifier) has led to the development of 
alternative systems such as S.S.B., narrow-band-frequency-modulation 
(n.b.f.m.), and various forms of high-efficiency grid modulation. 
Limited use is also made of screen-grid, suppressor-grid and cathode 
modulation. 

Narrow-band-frequency-modulation 

Narrow-band-frequency-modulation with a maximum deviation of 
2.5 kc/s (compared with 30-75 lic/s for normal frequency-modulation 
systems) and a maximum modulating frequency of 4,000 cis is now 
permitted on all amateur bands. Although the effectiveness of an 
n.b.f.m. transmitter is of the order of only ono-quarter that of a 100 per 
cent amplitude-modulated transmitter and, unless the higher audio 
frequencies are sharply attenuated, inay cause side-band splatter, it 
possesses the advantages that the modulation equipment need consist of 
only a single-stage audio voltage amplifier and simple reactance mbdu-
later, and that it is less likely to cause interference to local broadcast 
and television receivers. The simplicity of the modulation equipment 
makes this system particularly suitable for portable and mobile opera-
tion. Unlike normal frequency-modulated transmissions, the signals 
may be received satisfactorily on a standard amplitude-modulation-
type receiver, by tuning to one side of the carrier frequency and switch-
ing off the automatic gain control. It should be noted, however, that 
the use of a low modulation index means that the advantage of the 
improved signal/noise ratio possible with wide-band-frequency-modula-
tion is lost. 

Keying 

While the adjustment i transmitters for telegraphy operation pre-
sents fewer complications than for telephony transmission, precautions 
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must be taken to prevent the radiation of key-clicks, whilst communica-
tion is greatly aided by the provision of " break-in " facilities by which 
the transmitting station can listen-through " his own outgoing signals 
in order that the other operator may interrupt the transmissions 
immediately should interference be experienced. 

Since in an amateur station there is seldom any appreciable physical 
separation between the transmitter and receiver or between incoming 
and outgoing frequencies, means must be found of preventing the 
receiver from being blocked by local pick-up, or the receiver input 
circuit from being damaged by local radio-frequency energy, and also 
to minimize any thumps" in the receiver when the transmitter is 

keyed. 
Key-clicks, extending many kilocycles on either side of the trans-

mission frequency, are produced when the transmitter output has too 
short a rise or decay time when the transmitter is keyed; additionally, 
the minute spark that occurs at the key contacts may interfere with 
local broadcast and television reception unless there is effective radio-
frequency filtering close to the Morse key. Furthermore, keying can-
not be considered satisfactory if it produces any " chirp " (frequency 
variation) on the radiated signal. 
Where break-in facilities are not required, and keying takes place 

in one of the later stages of the transmitter, the required lengthening of 
the rise and decay time may be achieved simply by the use of a lag filter 
in the keying line (see Fig. 8). In this circuit the inductance L serves to 

200V 471, 
e 50K 

3M 

3M 

2M 2M 

KEY 

.006 -004 .002 \.005 .003/ .001 
\ 1 / 

1M Lri 
470K 

KEYED 
IRCUIT 

FIG. W.—VALVE-I/EVER WITH ADJUSTABLE LAG CRARACTERISTICS. 
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FIG. 1 I .—VOLTAGE REGU-
LATOR BREAK -ne KEYES() 

ARRANGEMENT. 

The receiver muting voltage 
is used to provide biasing for 
the early stages of the receiver 
by means of the A.V.C. Line. 

+750 
+250 

delay the rise in output for a fraction of a second, when the key is 
depressed, while C delays the fall in output by a roughly similar' amount 
when the key contacts are opened; R--sometimes omitted— helps, 
in conjunction with 0, to reduce sparking at the contaci.s. The values 
for these components will vary according to the current being broken by 
the key, and by the average speed of keying. A radio-frequency filter 
for installation close to the contacts or the key or the keying relay is 
shown in Fig. 9. • 
To provide more readily adjustable lag characteristics valve-keyers 

are occasionally used. In this system the action of the key removes 
bias from one or more " keyer " valves which are in series with the 
transmitter stage to be keyed. The keying characteristics may then be 
varied as desired by variation of the time-constants of the grid circuit. 
A typical valve-keyer circuit is shown in Fig. 10. 

Break-in Operation • 

For break-in operation (in the same frequency as the local transmitter, 
it is necessary to. key the oscillator stage, unless this is so efficiently 
screened as to eliminate completely any pick-up by the receiver; in 
the latter case the first stage from which any signals are picked up must 
be keyed. Keying an oscillator stage tends to produce some frequency 
variation whenever the valve just goes into, or is just about to cease, 
oscillation; though this frequency variation can be much reduced 
by careful attention to the operating conditions of the oscillator valve 
and the time-lag produced by screen by-pass capacitors and the like, 
and by the use of stabilized power supplies. One of the most satis-
factory ways of overcoming this difficulty is by " ganged " keying of the 
oscillator with a later stage of the transmitter in such a way that the 
oscillator is switched on a fraction of a second before, and switched off 
a fraction of a second leer, than the amplifier stage. 
A simple electronic means of achieving this condition is that shown in 

Fig. 11, which will be recognized as a modified form of the " clamp " 
circuit already described (Fig. 6). In the modified form a neon voltage 
regulator valve is inserted between the screen-grid of the amplifier 
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stage and the anode of the clamp-valve. When the latter valve is 
drawing current, the voltage across the regulator tube is arranged to be 
less than its striking voltage; so that, in effect, no positive screen-grid 
voltage is applied to the amplifier valve. When the oscillator is 
switched on—by the Morse key—and radio-frequency drive applied to 
the amplifier, the clamp valve is biased back, the voltage at its 
anode rises, and the regulator valve strikes, thus applying voltage to the, 
screen-grid of the amplifier. The slight delay in the striking of the neon 
regulator valve affords the necessary delay and prevents any variation 
of th a oscillator frequency—and, incidentally, any key-clicks—from 
being radiated. This circuit can also be used to help desensitize the 
receiver automatically during transmission periods by providing a 
biasing voltage to the early stages of the receiver, taken through a high. 
value resistor to the A.G.C.-line of the receiver. To complete the 
elimination of offending thumps in the receiver, audio limitation of the 
output of the receiver may be necessary; this can be done by reducing 
the screen-grid potential on the audio-frequency amplifier to a low figure, 
so that the valve operates under saturated conditions and/or by the 
inclusión of an audio peak-clipping circuit. 

HIGH-FREQUENCY RECEIVERS 

Basically, the design of high-frequency receivers for amateur opera-
tion is similar to those for general-purpose high-frequency communica-
tions work, see Section 22, and it is therefore not intended to discuss 
such design in any detail in this Section. 

Amateur Requirements 

Compared with receivers for commercial or military purposes, how-
ever, the price factor assumes a greater impor.tance, and provision for 
either electrical or mechanical bandspread on the amateur bands is 
essential. The other main requirements can be summarized as follows: 

(1) Coverage 1.-8-30 Mc /s, with good sensitivity and signal-to-
noise ratio throughout, permitting the reception of extremely weak 
signals. 

(2) A high order of selectivity, preferably with a crystal filter. 
(3) Freedom from spurious responses. Since high-power com-

mercial and broadcast stations will generally be operating on 
the image-response frequencies, a high order of second-channel 
suppression is essential. 

(4) Electrical and mechanical stability. It is important that 
the operation of the gain or the send-receive switch controls do 
not affect the local oscillator frequency. 

(5) Freedom from mains hum. Smoothing must be sufficient to 
eliminate mains hum on headphones, and care must be taken to 
ensure that modulation hum does not occur in the early stages of 
the receiver. 

(6) Reasonably accurate calibration and re-set accuracy of the 
tuning mechanism. 

(7) Convenient positioning of controls. 
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Refinements that are often incorporated include a noise limitur for 
protection against impulse interference, voltage regulation for the local 
oscillator, a signal-strength meter and an audio filter. 
The double-conversion superheterodyne receiver enjoys a fair degree 

of popujarity: with this arrangement a low second intermediate 
frequency of the order of 50-100 Ice /it enables high selectivity to be' 
obtained in this section of the receiver; whilst the first intermediste 
frequency of 465 or 1,600 ko/s assists image rejection. Good screening 
of the second local oscillator, however, is essential if spurious ap onset; 
caused by beats of harmonica of this oscillator are to be avoicicd. In a 
number of instances conventional single-conversion receivers have been 
converted to double-conversion arrangements by feeding the output 
from the final intermediate-frequency transformer to a second super-
heterodyne receiver with a low intermediate frequency: such a unit is 
generally referred to as a " Q5-er ". 
Two new aida to selectivity which have become popular recently are 

the " Q-multiplier" and the mechanical filter. The Q-multiplier 
utilizes the apparent increase of Q of an inductor in a circuit near the 
point of oscillation. By this means, the Q of an inductor can be made to 
approach that of a crystal, and if such a circuit is coupled to the receiver 
I.F. it can be arranged to provide either a sharp null or peak tunable 
threugh the receiver I.F. pass band. With simple communication 
receivers, an add-on Q-multiplier unit can bestow many of the benefits 
of a crystal filter. Alternatively, a bridged-T filter, sometimes in 
conjunction with a Q-multiplier valve, may 'be used to provide a sharp 
rejection notch. The mechanical filter, whioh can provide an excellent 
I.F. response curve, is popular for this application in the U.S.A.: see 
Section 47. 

Crystal Filters 
Although audio filters and audio-phasing devioes may be of con-

siderable assistance in the reception of telegraphy signals in a crowded 
band, and can give to a receiver most impressive selectivity character-
istics on paper, it is important to remember that in practice a high degree 
of selectivity should be achieved fairly early in the receiver, otherwise 
strong interfering signals. y overload one or more stages and cause 
cross-modulation. Since • cross-modulation occurs readily in mixer 
stages, high gain at signal frequencies is not generally desirable, so 
long as a good noise figure is obtained. A crystal (or mechanical) 
filter in the first intermediate-frequency stage remains one of the best 
means of rejecting strong adjacent channel interference, provided that 
the intermediate-frequency transformers are correctly aligned so that 
the centre of the intermediate-frequency response curve coincides with 
the crystal frequency, and the user is fully conversant with the correct 
operating procedure. 
As such knowledge is by no means universal among either amateur 

or commercial operators, the following brief notes may be of assistance. 
For telegraphy reception, the beat-frequency oscillator of the receiver 

should always be set in advance between 500 and 1,000 c/s higher or 
lower than the crystal frequency. This may be done most easily with 
the aid of the signal-strength meter. First, with the beat-frequency 
oscillator switched off and the phasing control at mid-position, a steady 
signal is carefully tuned to give maximum reading on the signal-
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strength meter (or maximum audio output if there is no such meter 
fitted). The beat-frequency oscillator is then switched on, at I adjusted 
to give the desired audio heterodyne note—generally between 500 and 
1,000 cis, depending upon the operator concerned—reducing the radio-
frequency gain control as necessary to prevent overloading. From this 
point onwards, the beat-frequency oscillator oontrol should not be 
touched. In operation, the desired station should be tuned ;or peak 
audio output, and an interfering signal can then be eliminated by 
adjusting the crystal phasing control, which changes the position e t he 
crystal-rejection notch relative to the crystal frequency. Providea that 
the required signal has been correctly tuned, the insertion of the crystal 
filter, or the adjustment of the phasing control, should not seriously 
affect the strength of the desired station. 
For telephony reception, band-pass filters using two crystals of 

slightly diff - :ng frequencies are sometimes used; a further develop-
ment in recent years is a receiver having switched sideband selection. 

This is usually achieved in double-conversion receivers by having a 
crystal-controlled second oscillator (or in some eases, where there is a 
tunable 1st I.F., the first oscillator) with two crystals one above and 
one below the signal frequency. 

Single-sideband-suppressed-carrier Reception 

The reception of single-side-band-suppressed-carrier telephony 
transmissions requires the use of a carrier insertion oscillator. In 
practice, the beat frequency oscillator of the conventional receiver is 
often used, provided that it has a high order of stability and can be 
adjusted conveniently to within about ± 20 cis of the required fre-
quency; alternatively, a crystal-controlled oscillator at the inter-
mediate frequency may be employed to improve long-term stability. 
Without the use of a carrier-insertion oscillator, single-sideband-
suppressed -carrier transmissions are completely unintelligible, whilst a 
slight drift of the frequency of either the local oscillator or the carrier 
insertion oscillator will rapidly cause distortion. 
The stability and band-spread requirements of receivers for S.S.B. 

reception are considerably more stringent than those for normal A3 
reception, and this is reflected in modern designs. Apart from greater 
stability of the various oscillators, and a slower timing rate, the band-
width may with advantage be reduced to about one-half of that for 
A3 reception. To reduce intermodulation effects at the detector, it is 
now common practice to fit both a conventional detector circuit for 
A3 and a product detector for use on S.S.B. and telegraphy. 
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10. TELEVISION TRANSMITTERS 

Introduction 

In order to conserve channel space it is now usual to adopt vestigio' 
sidebond operation for television transmitters. 
Two practical systems are possible, namely, the transmitter attenua-

tion (ta.) system ançl the receiver attenuation system (r.a.). In the 
former the carrier-frequency response is attenuated 6 db, i.e., to half 
amplitude, and the shaping of the response curve is such that the 
vector addition of the two sideband components that are transmitted 
near the carrier frequency results in a flat response over the entire pass-
band of a double-sideband•receiver. This is illustrated in Fig. 1. 

In the alternative system (r.a.) the attenuation is inserted at the 
receiver and the transmitter may have a double-sideband characteristic 
or an asymmetric frequency characteristic provided that it extends 
without attenuation over the whole of the receiver characteristic : see 
Fig. 2. 
The latter ( r.a.) system has been adopted exclusively so far, as it leads 

to a cheaper receiver duo to the narrower band-width required, and the 
fact that a receiver tuned to a frequency displaced from the carrier so 
that the carrier is at the — 6-db response will receive satisfactory pictures 
without undue complications. 

,• 

(c) 

M cis ±Mc/s f M c/s 

CARRIER FREQUENCY 1'0 MC/S 

FIG. 1.—IDEALIZED T.A. SYSTEM OF V.S.B. TRANSMISSION AND 
RECEPTION. 

a) Idealized transmitter response; (b) idealized receiver response; (c) Idealized 
equivalent low pass (demodulated) response of system. 

(b)\ 
(a) 

s 

±: Mc/5 —e- 7. Mcis 

(c) 

+ MciS 

CARRIER FREQUENCY fp Mc/5 
FIG. 2.—IDEALIZED B.A. SYSTEM OF V.S.B. TRANSMISSION AND 

RECEPTION. 

(a) Idealized transmitter response. (b) idealized receiver response: (c) idealized 
equivalent low pass ( demoduk.ted) response of system. 

10-2 
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tue 
s-
c-

405-LINE 

4.0.2 

A i\ 
ILL", Lu-nm 

TTÏ 11- tr 1 .11 
FIO. 3.—BRITISH STANDARD 405-LINE SYSTEM WAVEFORM 

CHARACTERISTICS. 

Performance Specifications 

The standard television waveform for the United Kingdom is shown 
in Fig. 3, and performance specifications for transmitting equipment 
are as follows: 

Input Signal 

Overfill amplitude 

Picture-signal /synchronizing-pulse 
signal voltage ratio 

Picture signal polarity. 
Synchronizing pulse polarity 
Input impedance to match a feeder 

Distortions that may occur in the 

(1) Bad time constant of A.C. 
coupling 

(2) Superimposed noise signal up to 
about 1 microsecond in width 

(3) Superimposed hum voltages 

Output Signal 
Carrier frequency stability 
Peak white signal (A) 
Black-level signal ( B), 
Synchronizing signal (C) 

Medium and low-frequency re-
sponse 

High-frequency response (0-5-2-75 
Mc /s) 

1- volt d.a.p. subject to +3 db 
variation 

Normally 70/30, but can change 
within thé range 80/20 and 60/40 

Positive with respect to black level 
Negative with respect to black level 
75 ohms ± S per cent 

input signal : 
Not to affect performance of trans-

mitter 
Not to affect performance of trans-

mitter 
To be removed by transmitter 

0,005 per cent 
100 per cent max. carrier amphtude 
30 per cent max. carrier amplitude 
Not to. exceed 2 per cent max. 

carrier amplitude 
Response to step waveform in 

picture-signal amplitude range 
shall after 1 microsecond be 
constant within + 1 per cent up 
to 0,1 second later and be con-
stant +2 per cent at any sub-
sequent time 

Rise time in response to step 
function not to exceed 0,2 
microsecond with less than 5 per 
cent overshoot decaying to less. 
than 1 per cent in less than 1 
microsecond 
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Output Signal 

Black-level stability ± 2 per cent 
Amplitude/linearity characteristics With an input signal of saw-tooth 

waveform the departure from 
linearity of the output signal to 
be less than 4 per cent 

Hum modulation Any spurilus low-frequency noise 
or hum to be at least 52 db below 
that of the picture signal at 
300 c/a, and should not rise 
higher than —45 db at 50 c /a ; 
double-amplitude peak values 
being considered in each case 

A summary of responses for various Systems in the radio-frequency 
spectrum is shown below in Table 1. 

:FABLE L— PERMITTED TOLERANCES FROM IDEAL CHARACTERISTIC 

Frequency 
Scale in 
Wanted 
Sideband 
(Mcla 
from 

carrier) 
(Mc/8) 

American 525-line 
- Standard 

Suggested 
C. C. I.R' 
625-Une 
Standard 

(db) 

B.B.C. 
405-line 

Standard 

(db) 

625-line 
Standard 
Based on 
Equal 
Vertical 
and 

Horizontal 
Definition* 

(db) 
F.C.C. 
(db) 

R.M.A. 
(db) 

1-25 2 2 2 0-5 0.5 

2-0 3 3 24 0-5 0-5 

2-75 5 3 3 1.0 — 

31 6 3 31 3-0 
3-5 12 4 34 — — 

4-0 — 6 4 — —, 

4-5 — — 5 — — 

' 5.0 — — 6 — — 

6-0 — — — — 1 

7-0 — — — — 3 

• These figures are approximate, and have been obtained from a curve 
drawn through the permitted tolerances. 

Special l?roblems Arising from the Specifleations 

Generally speaking, it may be said that this specification for a 405-line 
system is a difficult one to meet, and is very close by comparison with 
that now currently adopted by the users of 525-line standards. 
The implications of these standards on design are dealt with briefly 

below before proceeding to more detailed discussion. 
Low-frequency Response. Even if perfect line-by-line clamping is 

possible, so that the black level is corrected accurately at the commence-
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ment of caco line, the requirement of constancy within ± 1 per cent 
from 1 microsecond onwards means that the whole of the transmitting 
system must not introduce an overall effective A.C.-coupling time-con-
stant smaller than about 8-5 milliseconds. Since the system will in 
fact have many A.C. couplings in cascade, each stage must be designed 
for very low-frequency response. 

Also in order to prevent " hunting" effects, the low-frequency 
response must be critically damped. 

Furthermore, the long-term black-level stability requirements 
depend on low-frequency couplings, supplies, black-level stability 
circuits; and, on the whole, require much greater attention to detailed 
design than do high-frequency response requirements for a given 
standard of picture quality. 

High-frequency Response. A rise time of 0.2 microseconds with less 
than 5 per cent overshoot is well within the capabilities of economic 
design, but it is doubtful if such a specification should be based on 
response to an infinite frequency spectrum waveform. 
The " Heaviside Unit Step ", or its counterpart the infinite rate of 

rise pulse, both represent waveforms- with frequency spectra extending 
to infinity. The camera channel will produce only limited spectra 
information, and a more realistic test would use limited spectra wave-
forms to give a practical answer directly without mathematical 
interpretation. 

The " sine squared " pulse 1.2.3 and the sine squared step transition ° 
give an approach to practical test conditions. 
Thé use of a vestigial sideband characteristic also affects the per-

formance of the system due to the inherent quadrature distortion." 
Linearity. Non-linearity in a transmitter is determined by: 

(1) the VA capacity of the system being adequate for all 
demands; 

(2) valve characteristics; 
(3) valve and circuit impedances and tl:e effects of non-linear 

loading in radio-frequency and video-frequency channels; 
(4) power supplies. 

These factors are usually insufficiently good—in an economic design— 
to meet the specification. Some predistortion is therefore employed. 
Given a predistorting system, linearity within 1 or 2 per cent is often 
achieved.' 8.9 

Stability of Synchronizing Pulse Amplitude. Given a stable black 
level, the performance of the average receiver will depend on a stable 
synchronizing pulse amplitude. 
The tolerances permitted in the specification allow ±3 per cent 

variation in the synchronizing pulse amplitude. 
The transmitter must maintain this performance, even if the input 

signal varies in picture-signal amplitude to synchroniz.inepulse ampli-
tude ratio. Means are therefore employed to stabilize the pulse 
amplitude. 

Transmitter Noise. The greatest trouble likely to arise in practice 
is due to unsynchronized 60 c/s or harmonic components appearing on 
the receiver picture as dark bands moving vertically across the screen. 
With A.C.-heated transmitter valves, it is difficult to achieve the . 

—50 db necessary on these low-frequency noise components. Overall 
feedback methods are employed where necessary to solve this problem. 
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Low-Levu. STAGES 
vIDEO 

..11PLAr1CATION 

2-A C U 3 AS 

SHUNT -REGULATED 

AuPL IFIER 

I 2S00v OA 21-kW 

OC 

FIG. 4. —SCHEME FOR 60-kW HIGH-LEVEL MODULATED TRANSMITTER. 

(Courtesy of the I.E.E.; reference 8.) 

OUTPUT STAGE 

c OLE] A% 

SHUNT - REGUL ATE(' 

CATmo0E FO‘LOwER 

MODULATION METHODS 

It is usual for broadcast transmitters to employ amplitude modula-
tion, but frequency modulation is often used for point-to-pidut relay 
systems. 
Owing to the wide band of modulation frequencies, it has not been 

found practicable so far to use transformer coupling in the video-
frequency stages, so the methods of amplification and modulation, 
familiar in sound transmitters, are not available to the designer of 
television transmitters. 
The design of a television transmitter is dictated predominantly by 

the method by which modulation is applied. At the present time the 
vast majority of transmitters employ grid modulation, which owes its 
popularity to the fact that, for a given radio-frequency peak power , the 
VA required from the modulator is a minimum. Grid modulation 
can be designed to operate at any stage in the chain of radio-frequency 
amplifiers. 

Low-level Modulation 
This is usually understood to mean modulating a radio-frequency 

stage at a low power level in the transmitter, and following the modu-
lated stage with one or more stages of linear amplification. At least 
one author 4 on this subject subdivides further and introduces the term 
" mid-level modulation" to imply a modulated radio-frequency stage 
followed by a single radio-frequency linear amplifier, and uses.. the term 
" low-level modulation" for systems employing more than one linear 
amplifier following the modulated stage. Examples of low-level 
modulated transmitters are described in references 5 and 6. 

High-level Modulation 
This is usually understood to imply modulation at the grid of the final 

radio-frequency amplifier, but may also include any form of - •;..dulation 
at the last radio-frequency amplifier or following this amplLter, such as 
absorption.modulation at the feeder. 
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Fie. 6 (b).—MODULATOR ARRANGEMENT FOR CATHODE-MODULATED 1-kW 

TRANSMITTER. 

B+1760V 
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The matter of choice between the two broad methods is still a subject 
for considerable discussion,6•7•8 and in practice is often decided by the 
restricted availability of valves rather than by aspects of performance, 
operational reliability, ease of adjustment and other similar criteria. 

Fig. 4 shows a typical schematic arrangement for a grid-modulated 
transmitter employing push-pull radio-frequency stages and high-level 
modulation. Fig. 5 shows a typical grid-modulated transmitter employ-
ing push-pull stages and low-level modulation. Other examples of 
grid-modulated transmitters are described in references 9, 10, 11, 12, 13 
and 14. 

Cathode Modulation 

Of the other methods of modulation possible, cathode modulation is 
the most attractive at the present time, and is used currently on U.H.F. 
and V.H.F. systems."• 18 Fig. 6 shows a typical arrangement in use 
in the U.S.A. on the U.H.F. service. 

Anode Modulation 

Generally speaking, anode modulation is not economically possible for 
television transmitters. Theoretically, Heising type modulation is 
possible using a high-impedance constant-resistance network as the 
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FREQUENCY 
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XTAL 05C. 
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L. 
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.1 
RD 

R.F. AMP. 
(2-4XISOA) 

-4--.VIDEO INPUT 

75 WATTS 

X [• 

DUMMY 
LOAD 

RESISTOR 

FIG. 7.—PEA88-TO•AMPLITUDE MODULATION SYSTEM USED AT U.H.F. 

" choke ", but would need the development of high-power valves suit-
able for the video-frequency modulator. Series anode-modulation is 
also a theoretical possibility, given the high-power video-frequency 
modulating valves. 

Amplitude-phase idodulation 
This has been used in the U.S.A. at U.H.F.," and is illustrated in 

Fig. 7. In this system the output stages are combined in a bridge 
network with a radiating load and a non-radiating load, so that each 
stage operates independently of the other. At the trough of modulation 
all the power is dissipated m the non-radiating load. For the peak of 
modulation the phase of each radio-frequency system is rotated through 
90 degrees, and all the power goes to the radiating aerial load. Linearity 
for this system is such that, for a linear input, the output is sinusoidal. 

RADIO-PRILOVINCY 
OSCILLATOR 

SLIGHTLY LESS 
THAN DUE TO 
VALVE CAPACITANCE 

T RAN SMISSION 
LINE  

MODULATION 
VOLTAGE 

FIG. 8 (6).--ARRANGEMENT BOX ABSORPTION MODULATION. 

AERIAL 

LOAD 
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In addition to the poor linearity, the system suffers from low 
efficiency. Against these disadvantages must be weighed the saving 
in power-supply complications, since each transmitter chain may 
operate at constant load during modulation. 

Absorption Modulation 

This is probably the most simple of all modulation methods in theory, 
having the advantage over all other systems of keeping the radio-
frequency and video-frequency functions of the transmitter completely 
segregated until after all power amplification has taken place."." 
Difficulties that have arisen in designing the correct modulation 
impedances with available valves and achieving good depth of modula-
tion have prevented practical adoption of this method. Two posai-
bilities are illustrated in Fig.. 8, ( a) and ( b) the first due to Parker 1, 
and the other due to Blumlein and Nind.' 

GRID-MODULATED TELEVISION TRANSMITTERS 

The crystal oscillator, frequency-multiplying stages and the earlier 
power amplifiers can be of conventional design. 

The Modulated Amplifier Driving Stage 

The amplifier stage, driving the modulated amplifier, calls for special 
consideration. First, the modulated stage, whether grounded cathode 
or grounded grid, will present a non-linear load to the driving valve. 
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If amplitude linearity during modulation is to be preserved, the radio-
frequency voltage excitation on the modulated stage must be kept 
substantially constant despite the varying load. This requirement 
demands a low-impedance source of radio-frequency excitation. The 
low-impedance source has been achieved in a variety of ways. 

The Heavily Damped Driving Stage 

This was the method chosen for the Alexandra Palace transmitter 
ineelled in 1930," and was economically possible because the valves 
then available and suitable for the modulated amplifier (type CAT 9) 
required very small grid current and therefore presented a much less 
non-linear loading than designers are accustomed to meet at the present 
time with more modem and efficient valves. In this method a con-
ventional Class B or Class C amplifier is loaded by resistors at the geid 
circuit of the modulated valves, so that the change of loading, due to 
grid current and transit-time effects in the modulated valve, are 
negligible in comparison with the steady load. 

The Radio-frequency Cathode Follower Drive 

This inherently low-impedance driving source, has been used success-
fully in a 50-kW transmitter,8 to achieve a very low effective driving 
impedance. With careful design, this method elm give highly satis-
factory performance, but presents a number of difficulties in design. 
The grid-cathode excitation of a cathode follower is a relatively small 
voltage compared with the cathode-anode voltage swing, and in practice 
is determined by the vector difference between two large voltage swings, 
one cathode-ground, and the other grid-ground. It is therefore 
necessary in design to make special provision for protecting the valve 
against excessive excitation duo to relativelS, small misadjustment of 
tuning of the input and output circuits, wh?ch therefore become some-
what more critical in operation. 
In one existing design 8 of a high-power transnlitter , the inherent 

low-output impedance of the valves connected as radio-frequency 
cathode-followers, combined with a capacitative potentiometer into the 
modulated grids, produces an effective driving impedance, of about 
10 ohms. 

The Tetrode or High-impedance Driving Stage with Impedance 
Transformation 

It is well known that by the use of a quarter-wave network 
coupling 20 following a high-impedance driving source, the effective 
driving impedance as s..n by the succeeding stage can be made very low. 
This has been used in several designs, and is attractive where suitable 
tetrodes are available as driving valves, since the properties of an ideal 
quarter-wave network can be simulated satisfactorily in practice by a 
simple double-tuned single-coupled circuit." 

The Hard-driven Class C Driver Stage • 

The driving impedance obtainable by this means with present-day 
available valves cannot be made as low as can be achieved with cathode-
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followers, but if followed by impedance transformation in the coupling 
circuits can be made satisfactory with simplicity in adjustment and 
Operation.' 

Band-width Requirements of the Driver and Coupling Network 

The overall problem of the modulated-stage driving impedance can 
be subdivided into two problems: 

(1) The problem of linearity caused by the varying load on the 
driver stage due to grid current at low modulation frequency. 

• (2) The frequency response of the driver stage impedance. 

The first problem is covered by the previous section, and we are left 
with a consideration of the band-width requirements in the driving 
impedance. The problem arises because any change of load condition 
on the driver stage during modulation causes a varying transfer through 
the driver output impedance, and in the modulated stage coupling. If 
these impedances are not effectively aperiodic over the required band-
width, then the effective driving impedance will change with an effect 
on linearity and apparent frequency response of the modulated stage. 
One solution used at present is to make the driving stage and coupling 
network wide-band so that the effective driving impedance remains 
substantially constant over the required bandwidth. This often leads 
to an inefficient driver stage. 

Probably the simplest arrangement is to make the driving stage 
have a critically damped narrow band-width and to couple this to the 
input of the modulated stage with negligible impedance. This will give 
a falling driving impedance with increasing frequency, and will tend to 
lift the apparent frequency response. A compromise must be sought 
between level response and driver efficiency. 

The Grid-modulated Stage 

Foe a Class B, push-pull radio-frequency stage using valves with peak 
useful emission of / amperes, it can be shown 12 that the maximum 
power available is given by 

I 2k.  
Peak Power = 

1677 CA/ 

where C is total circuit capacitance, â f is the 3-db band-width of the 
circuit and k equals 1 for a single circuit. 
Improvements in the radiated band-width for the same power can 

be made by the use of double-tuned, maximally single-coupled circuits 
or by a triple-tuned maximally double-coupled circuit.' In this case 
the factor k is 1/2 for double circuits and 1.5 for triple circuits. 
The profit of triple circuits over double circuits is more marked if 

flatness of response within the pass-band is important,' or if band-width 
is defined between }- or 1-db points, as is becoming more common in 
television transmitter specifications. Figs. 9 (a) and 9 (b) illustrate the 
comparison of response for various circuit conditions. 

Difficulties arise because in this modulated amplifier all the im-
pedances associated with the stage, including supply impedances, 
must handle currents at all video frequencies, and consideration of all 
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possible current paths must be made in order to design for adequate 
frequency response. 

Fig. 10 illustrates the impedances in the video-frequency current 
path that may affect frequency response. 

Grounded-cathode Operation 

This gives the simpler radio-frequency driving condition whether 
tetrodes or neutralized triodes are used, but gives increased input and 
output capacitances compared with grounded-grid dperation. 

Fo' • the case illustrated in Fig. 10, the input impedance of the modu-
lated stage, as seen by the modulator, is illustrated in Fig. 11. 
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Fla. 10 (a ).-.8.110TIING PATH OF TRANSMITTER GRID CURRENT ( FOR ONE 
VALVE ONLY) AND THE IMPEDANCES IN THE PATH OF THE VIDEO FREQUENCY 

CURRENT. 

FIG. 10 (0).---SHOWINO THE PATH OF VIDEO-FREQUENCY CHANOES OF 
ANODE CURRENT. 
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Grounded-grid Operation 

Here a saving of 30 per cent or more on capacitance is possible in 
practice,..... but throws a further problem back into the penultimate 
stage.' 

Both methods are in current use at all power levels, and neither cah 
be said to be predominantly superior. The simplest arrangement is 
the grounded-cathode tetrode, which is likely to emerge as the most 
modern choice for reasons of simplicity and efficiency. 

THE LINEAR AMPLIFIER 

In cases where it is desirable or necessary to follow the modulated 
radio-fraqaeney amplifier by further power amplification, use can be 
made of the Class B push-pull linear amplifier. 

This may take the form of a grounded-cathode stage using triodes, 
tetrodes or pentodes where they exist, or may take the more popular 
form of a grounded grid-cathode driven.stage. 21,22 

It is desirable to keep the input resistance to such a stage as nearly 
constant as possible over the range of amplitude corresponding to the 
picture signals, from two points of view. First, the linearity of the 
system will be dependent on the regulation of the driving-valve im-
pedance, and any non-linearity of the input resistance of the linear 
amplifier will cause a non-linearity of the transmitted signal. Secondly, 
the input resistance of the linear amplifier is a predominant factor 
producing circuit damping, and will determine the band-width of the 
coupling circuit. 

Unfortunately the flow of grid current in the linear amplifier çauses 
both the stage amplitude linearity and the frequency response to 
change over the modulation cycle. Series resistance in the grid circuit 
helps to maintain the response equality, but only at the expense of 
linearity; so some compromise must be found. 

All the circuits associated with the linear amplifier carry currents, the 
amplitudes of which vary with modulation frequency. It is thus 
necessary to ensure that all neutralizing impedances and current return 
paths from anodes to cathodes are of sufficiently low impedance at all 
modulation frequencies, or that they are constant impedances at all 
frequencies. 

Output-coupling Systems 

Cc>upling the lo*-impedance aerial feeder or the low impedance of the 
input of a grounded-grid linear amplifier on to the anode circuit of the 
modulated amplifier can be achieved in a number of ways. 
By far the most popular method is to employ coupled circuits, either 

single-coupled double-tuned circuits or double-coupled triple-tuned 
circuits. 
As already indicated during the consideration of the 

stage, the use of coupled circuits can give an inc power-band-
width product. 

Double-tuned Coupled Circuit 
If critically coupled for maximal flatness, this arrangement gives a 

power band-width product increase of V 2 at the 3-db points in the 
response curve over that obtainable from a single circuit. 
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FIG. 12.—(a) DOUBLE-TUNED COUPLED CIRCUITS; (b) TRIPLE-TUNED 
CIRCUITS. 

For maximal flatness the following conditions must be fulfilled. 
Reference is made to Fig. 12 (a). 

Q0 = -19 (3 db) 

1-414 Qo 

Q2 0-707 Q0 

1 
k= 

Triple-tuned Circuit 

For maximal flatness the triple-tuned circuit, as in Fig. 12 (6), shows 
an improvement over a single circuite the 3-db point of 1-5, and circuit 
requirements are : 

fo 3Q1 db) 

= 1-5 Q. 
Qg = 0-5 Q0 

1 1 
k1 = 7\772 x 

r 1 
k 1 = \b- X 

To illustrate the comparative conditions, Table 2 shows the circuit 
values for a push-pull stage with 50-pF shunt capacitance working 
into 11 50-ohm load at 50 Mc/s with a 3-db response at 4 Mc/s. 

In Table 2, column 3 shows that at the 1 db response band-width, the 
power-band-width product is improved by a factor of 1-2 by using a 
triple circuit instead of a double circuit. The intermediate circuit of a 
" triple " can be made any convenient L-C ratio without affecting the 
performance. 
The design of " double " and " triple " circuits is straightforward, and 

can be made to achieve responses of the maximally flat type or of the 
" Chebyshev " type 23 in which there are departures from flatness in the 
form of a " ripple " in the response curve within the pass band. 
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TABLE 2.--COMPARATIVE CONDITIONS Or TRIPLE-TUNED CIRCUITS 

Double Tf ;role Triple 

3 db band-width . . 4 4 3-53 
12.5 12.5 14-15 

Q1 • • • • • 17.7 18-75 21.2 

Qs • • • • • 8•85 6-25 7-1 
L, . . . . 0.2 pH 0.2 µII 0.2 µH 
C, . . . . 50 pF 50 pF 50 pF 
L, . . . . . 1-42 µH 0•95 isH 1.13 1111 
01 . . . . . 7.15 pF 10.7 pF 9-0 pF 
R, . . . . 50 ohms 50 ohms 50 ohms 

k, . . . . 8.0% 5-66% 5% 
— 9.8% 8.7% 

Power output for valve 
emission, I amperes . 141 la watts 150 /2 170 It 

Band-width for 1 db. . 2:82 Mc/a 3.2 Mc/s 2.82 Mc/s 
Resistance load line per 
valve . . . . 280 ohms 298 ohms 337 ohms 

The Modulator-Radio-frequency Transmitter Connection 

This needs special consideration, as any inductance in this connection 
will cause a signal at the modulated valve which rises with frequency 
and will impose a reactive load on the modulator which rises with 
frequency. 

It is also desirable to keep the radio-frequency signals from the 
modulator. The connection must therefore be of as low an induetanoo 
is possible and made to a point in the radio-frequency circuit which har 
the minimum of radio-frequency signals present. 
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The mid-point of a push-pull circuit is the optimum practical point. 
The use of additional shunt chokes or equivalent lines is often adopted 
in practice for purely physical reasons. Lumped-circuit-type" chokes" 
produce the minimum additional shunt capacitance at low frequencies, 
but produce a rising effective capacitance at high frequencies. 
The low-impedance line-type choke can give a flatter reactance 

characteristic over the band at the expense of heavier capacitance 
loading at all frequencies. 

Care must therefore be exercised to get a satisfactory compromise. 
Assistance in designing is provided by Figs. 13, 14 and 15, which give 

the properties of unbalanced and balanced lines, and by Fig. 16, which 
gives design data for self-resonant chokes. 
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FIG. 16.— AccErroa AND REJECTOR RESONANCES ON SINGLE LAYER 
COILS. 

These curves are mean curves which will give an accuracy within ± 10 per cent for 
close-wound coils using any givIge of wire between 36 and 16 S.W .G. D.S.C. or D.C.C. 
on formers of low dielectric c. ,stant. 

Notes: ( 1) For any particular acceptor frequency the highest inductance coil will be 
obtained by using the maximum LID ratio possible, and vice-versa. 

(2) Where high high-frequency voltage occurs across the coil and it is necessary lo 
keep up the " Q' value to minimize watts dissipation at the lowest working frequency 
(e.g., in wide-band choke applications) an LID ratio = 4-8 is recommended. 

To Use the Curves: 

where 

Acceptor wavelength (e) = J,L cm. 
Rejector way' „th (e) 10././. cm. 

L length.o.. wire in cm.; 
J form factor of no dimensions. 

THE VIDEO-FREQUENCY MODULATOR 

The Output Stage 

The video-frequency modsalator output stage must have a wide 
frequency response and must be capable of maintaining this response 
across a load determined by the input impedance of the modulated stage, 
and consisting, apart from lead inductances, of a shunt capacitance and 
shunt resistance which, due to the non-linear flow of grid current, will 
vary from a high value to a low value with the amplitude of signal. 

Also, whereas the reactance loading will increase directly with modula-
tion frequency, the grid-current loading is proportional to modulation 
signal amplitude, and can be a maximum at any frequency at which full 
amplitude signals are present. 
The combined problem results in the necessity to make the output 

impedance of the modulator negligibly low in comparison with the load 
impedance. 
The low impedance necessiky may be obtained in a number of ways, 

viz : 

(a) conventional amplifier working into a low resistance; 
(b) cathode follower; 
(c) feedback amplifier system; 
(d) shunt-regi,:ated amplifier system. 
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Of these, the simple cathode follower and the shunt-regulated cathode 
follower are used most widely at the present time. 
The propertiee of these are compared under Shunt Regulated 

Amplifiers " 

VIDEO-FREQUENCY .AMPLIFIERS 

These amplifiers raise the level of the standard input level of about 
1 volt to the level of perhaps several hundreds of volts required to drive 
the grid-modulated stage of the transmitter. 
A number of methods of achieving the required performance are 

available: 

(1) conventional reactance compensated R-C coupled amplifiers; 
(2) feedback amplifiers; 
(3) shunt regulated amplifiers. 

It frequently happens that a television modulator chain of amplifiers 
will embody types of various forms, and each of the above types have 
certain attractive features for particular applications. Each type is 
therefore dealt with separately, following general considerations of 
performance. 

Performance of Video Amplifiers 

High-frequency Response 

Television requires the amplification of video-frequency signals which 
extend in the frequency scale out to many megacycles. The nature of 
the signal is also such that the amplifier must deal with sudden change 
of level without significant distortion. This means that attention 
must be given in design to the transient response as well as the steady-
state frequency response. For good transient response it is necessary 
for the phase/frequency iespor.se law to be linear, and it is unfortunate 
that it is difficult to achieve ooth flat frequency response and linear 
phase response at the same time. 

If the frequency response of an R-0 network is extended by simple 
reactance compensation so that the 3-db response is improved- from a 
frequency f, to a frequency h, the linearity of the phase response is not 
correspondingly extended to the same degree. 

Similarly, as more complicated reactance networks are employed to 
extend the amplitude frequency response still further, the useful range 
of linear phase response is improved by only a relatively small amount. 

This means that as the amplitude response curve is extended, and 
given a sharper fall away outside the pass-band, the indicial rise time 
will fall but the overshoot will increase. 

In practice, however, we are not called upon to deal faithfully with 
the transmission of " Heaviside unit steps" (change of level at infinite 
rate), which, for mathematical convenience, are used to evaluate 
transient response. In practice we shall have to deal only with a 
limited range of frequencies, and provided an amplifier system will deal 
reasonably faithfully with this limited range of components, both in 
amplitude and phase, then no significant overshoot will occur. 
This practical fact means that although maximally flat amplifiers, 

and any amplifier in which the response has been extended beyond the 
critically damped condition, overshoot in their indicial response, they 

a 
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may be designed to deal quite faithfully with television signals with 
their limited frequency spectra. 

Low-frequency Response 

In addition to this high Video-frequency aspect, there is also the 
requirement of preserving the low-frequency components in the tele-
vision signal, and these extend virtiially to the lowest visible frequencies. 
that are observable during the fading of one picture into the next, i.e. 
down to fractional frequencies, say c/s. 
The effects at high frequencies due to poor phase response giving rise 

to overshoot have their counterpart at lov frequencies, and result in 
" hunting ", i.e. an undamped settling-down process that can be more, 
annoying visually than the " ringing" at high frequencies. It is 
customary in testing high-performance television transmitters in this 
country to check the absence of this hunting effect at all rates of change 
of level down to, say, cis to ensure that slow fades are faithfully 
tiansinitted. 
Where possible at high levels amplifiers are direct connected to 

eliminate these effects, but it is uneconomic to design the whole chain uf 
amplifiers from camera to radio-frequency transmitter on this basis, so 
advantage is taken of the existence in the transmitted waveforms of the 
synchronizing pulse and the black-level period following the syn-
chronizing pulse and preceding the picture signal, line by line, to use 
D.C. réinsertion methods. These are dealt with under a separate 
section. 

Further design features relating to this low-frequency response 
requirement are given under the heading " Direct-coupled Amplifiers ". 

Linearity 

The modulation of picture signals from black to white must be 
transmitted faithfully to avoid the crushing of any part of the scale of 
brightness. In this country, if a test signal comprising a linear saw. 
tooth extending across a line of picture with amplitude changing 
linearly from black to white is applied at the input terminals, the 
transmitted waveform is expected to maintain this linearity within 
4 per cent. This degree of linearity usually means introducing some 
pm-distortion to "ounteract the curvature of the characteristics of the 
grid-modulated valve and any subsequent amplifiers, and with this 
predistortion adjusted, the radiated amplitude response can be linear 
within 1 per cent. 
The design of such pre-distorting amplifiers is given under tie title 

" Predistortion ". 
One further correction system is also incorporated to compensate for 

the curvature of the fully exploited radio-frequency modulated valves 
which tend to crush the amplitude of the synchronizing pulses. This 
correction takes the form of pulse stretching, and is also described in the 
section on predistortion and waveform correction. 

Conventional Reactance Compensated R-0 Amplifiers 

The reactance compensation of R-C coupled amplifiers is now well 
established, and no attempt is made here to analyse the reactance com-
pensation process. Results obtained by various workers in the field 
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FIG. l7.---Elpunam FORM or TWO-TERMINAL 
COITPLIRO NETWORK. 

are quoted, and where possible curves and 
tables are used to summarize the results. 
In practice the application of these 

methods gives rise to some difficulty owing 
to the impossibility of assessing all the IN. 
stray circuit and component capacitances 
with accuracy. With simple shunt com-
pensation or with other two-terminal 
network-type compensation, much lees 
work is entailed, as a simple R-C response establishes the total effective 
circuit capacitance, since the — 3-db point in the amplitude response will 
occur at a frequency where 2irfCR = I. From this, the further elements 
of reactance in any of the two-terminal network-coupling systems can he 
assessed with some accuracy. 

Broadly, reactance compensation methods fall into two categories, 
according to whether or not a significant reactance is included in the 
connection between the anode of the amplifier and the grid of the 
succeeding stage. If a direct connection or one with insignificant 
reactance is made, the system becomes equivalent to a two-terminal 
impedance network as the coupling' impedance. With a significant 
reactance included in the connection the system becomes equivalent to 
a four-terminal coupling impedance. 

Two-terminal Coupling Networks 

The simplest of all two-terminal coupling networks is shown in Fig. 17, 
and is the R-C coupled amplifier in which the coupling impedance is a 
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FIG, 18.—RESPONSE CURVES FOR: ( 1) RESISTANCE-CAPACITANCE CIRCUIT; 
(2) SIMPLE SHUNT COMPENSATION; ( 3) TUNED SHUNT COMPENSATION; 
(4) SERIES COMPENSATION; ( 5) SERIES SHUNT COMPENSATION; ( 6) TUNED 

SERIESISHUNT COMPENSATION. 



TABLE 3.—VIDEO AMPLIFIERS WITH TWO-TERMINAL COUPLING NETWORKS 

Circuite 

Approx. Band-width 
Improvement8 

3 db 2 db 

1-0 1-0 

1-5 

1-7 

1-8 

1.6 

2-1 

db 

1-0 

1-7 

2-2 

2-7 

cib 

Approx. 
Rice 
Time 

Improve-
menki 

Over- , 
shfot-iní 

Reeponee 

1-0 

1-8 

2-7 

3.7 

1-0 

l 

1-8 

2-0 

0 

C, Remarks 
Fig. 
18 

Ref. 

o 

2-5% 

6-5% 

0.3CRz 

OACR, 

0.5CR' 

Critically damped 
condition 

Maximally fiat 
condition 
3% rise in steady-
state frequency 
response 

1.1-8 
1-8 

1.7 
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1-7 
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1-8 

4-0 

3.6 
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7% 
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TABLE 4.-VIDEO AMPLIFIERS WITH FOUR-TERMINAL COUPLING NETWORKS 

Circuits 

Approx. Band-width 
Improvements 

3 db 2 db 

Tc 1 1 

1 db db 

1 1 

Approx. 
Rise 
Time 

Improve-
ments 

1 

Over-
shoot in 
Indicial 
Response 

L, L, 

o 

R, c, Remarks 
Fig. 
18 
Ref. 

1.5 1°C 1.7 1-7 1.6 0 
2.0 2.4 3.1 4.6 1.9 9% 
1.3 1.5 1.7 2.0 1.4 3% 
1.4 1.5 1.8 2.1 1.4 3% 

0.375CR. - 0-111C 0.888C 
0.67CR' - 0.25C 0.75C 
2-51CR. 2.88R 0.8C 0-2C 
0.96CR, 1.8812 0-5C 0.5C 

C 

"  

C2 
1.7 1.8 1.9 1.9 1.8 
2.7 3.3 4.6 6-0 2.6 11% 
1.8 2-0 2.3 3.5 1.9 .3% 

2.4 2.7 3-2 3.9 2-5 
2.9 3.5 4.9 7.i 2.8 

0.0623CR. 
0.143CR. 
0.125CR. 

0.391CR, - 0-2C 0.8C 
0•583CR. - 0.404C 0.696 
0•452CR. - 0.2C 0.80 

0.3% 0-133Ce, 
13% 0.25CR. 

0.466CR. 
0.56CR. 

0.33C 
0.426C 

0-67C 
0.676C 

Grit. damp. 
Max. flat 

Grit. damp. 
Max. flat 

C' 

0.307C 

C, 

0.075C 

4 
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3
1
1
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FIG. 19.—SIMPLE FORM OF FOUR-
TERMINAL COUPLING NETWORK. 

resistor R shunted by the capacitance 
C made up of the output capacitance 
of the amplifier valve VI, the input 
capacitance of the valve VI and the 
stray circuit capacitances. 
The grid leak R, is an insignificant 

shunt on R, and the coupling capacitor 
C. is an insignificant impedance at high 

frequencies. Basically then the two-terminal impedance is a resistor 
shunted by a capacitor. The form of response curve produced by this 
system is-shown as curve 1 in Fig. 18. 

It will be seen that when *JCR = 1, i.e. when the reactance of C 
becomes numerically equal to the value of the resistance, the gain has 
fallen by 3 db. 
The firàt stage of improvement can be obtained by including an 

inductance in series with the resistance and, by suitably adjusting its 
value, a smooth response curve extending beyond the basic R-C curve 
is possible. 

This is shown as curve 2 in Fig. 18. 
Further extended forms of two-terminal network are tabulated below 

in Table 3, with appropriate response curves given in Fig. 18. 

Four-terminal Coupling Networks 

The simplest four-terminal coupling network is the simple series 
compensation shown in Fig. 19. In this circuit the capacitances C, 
associated with the driving valve V, are separated from those C2 
associated with the driven valve VI by an inductance. Thb performance 
of this circuit depends very largely on the relative values of C1 and C2. 
The flattest response is obtained when C2 = 3x CI, in which case 

L = 0.67CR2. If, however, similar stages are to be cascaded, it is 
preferable to select values approaching those of the critically damped 
condition given by C2 = 8C, and L = 0.375CRt. 

Further more complicated types are tabulated in Table 4, and 
appropriate curves are given in Fig. 18. References 24-34 give detailed 
information of these compensated amplifiers. 

FEEDBACK AMPLIFIERS 

High-frequency Response • 

As is well known, whan negative teedback is applied to an amplifier 
of two or more stages, the degree of feedback is severely limited unless 
peaks in the gain/frequency response curve are tolerable. This is due 
to the fact that as the natural response of the amplifier falls there is also 
a phase shift, so that the feedback voltage is out of phase with the input 
voltage and has therefore a smaller effective feedback value, giving rise 
to an initial increase of gain with increasing frequency. Staggered 
time constants in the ,coupling networks can be arranged to overcome 
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this difficulty,3 and further means have been described for shaping the 
response curve to give critical damping so that no overshoots occur when 
the amplifier is handling transients containing components of frequency 
well outside the passband.36.37.38,3° 

It has also been shown 40 that by simple means it is possible to design 
a feedback amplifier with any desired shape of response curve. Thus: 

(1) Aperiodic feedback produces a response curve of aperiodic 
flatness, and this result is characterized by the property that while 
the gain is changed by the feedback, there is no change of frequency 
response. 

(2) Critical feedback produces a response curve of critical flat-
ness and corresponds to the critically damped circuit, which has no 
overshoot in its indicial response. 

(3) Maximal feedback produces a response curve of maximal 
flatness. This is the maximum extension of the amplitude re-
sponse with frequency consistent with a smooth response curve 
without maxima or ,minima. It is characterized ideally by the 
formula 

A  
Gain ,-- v  

the value of n being dependent on the number of circuits used. 
(4) Optimal feedback produces optimal flatness, and is an 

extended form of response curve produced by frequency-conscious 
positive feedback. 

Each of the above forms of feedback find application, the most 
popular at the present time being maximal feedback and optimal 
feedback. 

Single-valve Amplifier 

High-frequency Response 

For a conventional high-impedance valve stage without feedback the 
gain may be expressed by the formula 

A —  gm" 
— 1 jx 

A,  
1 + jx 

where R is the anode load resistor; 
x = °JCR; 
C is the total capacitance shunting the load; 
— 21; 

g,„ =- mutual conductance of valve; 

A, = gain at a frequency where reactances are insignificant. 

If feedback is now applied between anode and grid the gain equation 
becomes 

A  „,R A0  .  • g 
1 + jz -12 A0,3, - 1 + J. + A013' 
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Fro. 20.—SINGLE STAGE FIG. 2 I.—FEEDBACK 
WITH VOLTAGE FEED. NETWORK WITH CAPACI. 

BACK. TANCE. 

OUTPUT 
VOLTAGE 

FIG. 22.—FEEDBACK 
NETWORK WITH IN. 

DUCTANCE. 

where A is the " external gain", is the fractional feedback which 
may or may not be complex. This is illustrated in Fig. 20. 
In order to achieve the various degrees of response-curve shaping 

defined above, the feedback fraction may be frequency and phase 
conscious, i.e. feedback is thus not necessarily applied by simple 
resistance networks but by impedance networks involving capacitance 

and/or inductance. 
Thus the value is more generally expressed as 8 -I- jy, where S is 

the resistive part of the feedback and jy is the reactive part. 
For example, if a feedback network is as Fig. 21, the feedback fraction 

is determined by the ratio 
Rs 

R8 (Rp in parallel with Cr) 

and for cases where Rs < Rp this becomes R-1-4 ( 1 + joi CFRF) 

Rs 
i.e 6= y wCFRs 

Rp 

Similarly for the network of Fig. 17, which is equivalent if --- RFC, 
Ies 

(Fig. 22). These two complex networks are used in single- and 
two-valve feedback amplifiers to produce the response shapes described 

above. 
For the single-valve amplifier with voltage feedback we have 

A. =  . A ° 
1 + 2x + 210(8 + jr) 

Aperiodic Feedback 

If we make y = 8x we get 

A. — Ao  
1 + jx + Ao(8 + jEtx) 

Ao 1  
= 1 ± jx x 1 + A08 

from which it is seen that there is a gain change but no change of 
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23.—Pascrical, Foam FOR Fro. 24.—Axraamaxivis Foam 
APERIODIC FEEDBACK WEEKS OP APEHIODIO FEEDBACK 

R3 .e.R,. WHERE Rs•C Rip AND L,,e, 
(Fia. 23). 

frequency response. In practice this is achieved as in Fig. 23 with the 

relations RFC, = RIC, or as Fig. 24 with Li = R,C1. 

Critical Feedback 
, 

As before A,— 1 .1x ± and for this form the response 
AAo(a .7y) ' 

must be extended by the feedback, but the response shape is unaltered. 
This is achieved by making y = 0, in which case 

A0 

(I + A08)( 1 +   

i.e. the gain and effective capacitance are reduced by the feedback faCtor 
1 ± A os, and with y = 0 the feedback is resistive. In practice this is 
achieved as in Fig. 25, in which the dotted capacitances indicate how 

FIG. 25.—PRACTICAL FORM OF MAXIMAL 
OR CRITICAL FEEDBACK AMPLIFIER. 

DRIVIN 
SOURCE 

OUTPUT 
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RF 

A 

1 

FIG. 26 (a).— CiRcu.r G VING " OPTIMAL FEEDBACK ". 

the feedback faction may be maintained constant at high frequency 
where the valve-input capacitance become significant. 

Maximal Feedback 

Again A. = 

rearranging we get 

A 
= 1 ± jx A08 + 210j y 

A. 

= (1 + Ao8)2 (e -,40Y)2 

= (1 ± A08)2 ± x2 ± 2Aoyx (.210y)2 

For maximal flatness, by definition, the terms 

Aoyx 2 + (A07)1 = 

.*. y 

and thus maximal flatness is the 
same as critical flatness for the single-
valve amplifier. 

Optimal Feedback 
If again we take the external gain 

relation 

A0 

1 ± + A o (8 + v) 

ALTERNATIVE 
OUTPUT 

OUTPUT A0  
A. — 

1 + ix + Age 

FIG. 26 (b).—ALTERNATIVE "OPTIMAL 
FEEDBACK" CIRCUIT. 
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1 10 

KILOCYCLES PER SECOND 

Fra. 27.—E XPERIMENTAL FORM OF " OPTIMAL FEEDBACK" CIRCUIT. 

we see that if A013' is made equal to —lx the frequency-conscious terms 
disappear, and we should get infinite frequency response. 

This relation, however, of 210/3' r---L —ix involves inclnding a negative 
capacitance in the feedback path. 
Th may be simulated by the circuits of Fig. 26. In Fig. 26 (a) the 

additional valve and couplings are equivalent over a restricted frequency 
range to a negative capacitance Cif shown dotted. Fig. 27 shows the 
profit that may be obtained in practice by this means in any case where 
an amplifier is followed by a cathode follower. 

Single-valve Amplifies With Cathode Degeneration 

It has been shown " that, by suitable choice of the cathode impedance, 
the various categories of response curve shaping by feedback may also 
be obtained. Thus in Fig. 28 we get aperiodic feedback when Zg is a 
resistance, critical feedback and maximal feedback when Zg is a 
resistance and a capacitance in parallel with Rex = RC. 

Two-stage Amplifiers 

The same approach is made to the 
design of two-stage amplifiers, and 
the circuit relations are similarly 
derived. 

For a two-stage amplifier the gain 
equation is 

A 0 =   
ixi)( 1 .1%) -i-

Fla. 28.—S INGLE STAGE WITT,/ 
CATROD E DEGENERATION. 
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Fro. 29.—Two-sr.tos 
SIMPLIFIED AMPLI-
FIER WITH " APERIO-

DIC FEEDBACK". 

e" RF', 
le," • RII < • RI," 

Aperiodic Feedback 

For aperiodic flatness ,40,9' must be (K — 1)(1 ± jx,)(1 ja,) and 
feedback must therefore be in two stages as in Fig. 29. 

Critical Feedback 

For critical feedback 

A013' = A58 j(21/x1x,N — (x1 ± x,)] 

where N is the gain-reduction factor (1 A08) at low frequencies. 
This is achieved by the circuit of Fig. 30. 

Maximal Feedback 

-= A08 j[V 2xlx,N — (x, x,)] and is again achieved by the 
circuit of Fig. 30 with a different value of feedback capacitance. 
Using the simple feedback networks already illustrated and shown in 

Fig. 25 gives a good approximation to these forms of A013'. 
Thus from the simple capacitance feedback network 

Rs 
3' =— (1 ± jwC FR F) 

RF 

FIG. 30.—EXPERIMEN'TAL FORM OS TWO...STAGE MAXIMAL AND 
CRITICAL FEEDBACK AMPLIFIER. 
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and we require for maximal flatness 

Aop' = A08 -I- j[V2(A08 1)xixs (x1 ± x2)] 

R 
8 =a SO 

and 
Ter 

icoc,,R8 [/2(A08 1)RiCiRses — [RA R2Ct]l 
A, 

10-33 

and where A08 i large 

Clef; — 2A°8RiCiRei for maximal feedback 
A0 

and similarly 

Ao8R,C,R,C, 
CaRa — A  for critical feedback 

For the special case of R,Ci = R,C, = RC these relations simplify 

Ces -= Rede for maximal flatness 
A0 

CrRs = \ A  for critical flatness 
0 

In practice the capacitance C, is made variable to absorb tolerances 
of components and approximation in design. 

Optimal Feedback 
Optimal feedback across two stages has not so far been achieved, but 

interesting possibilities arc illustrated by Figs. 31 and 32, which show 

 0 +220 

11470K 82 

1000 

o 5 o 
FIG. 31 (a).— Two-sTnaa MAXIMAL FEEDRACK 311'1.11,1ER FOLLOWED BY 

ONE STAGE WITH OVERALL CRITICAL FEEDBACK'. 
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RESPONSE OF MAXIMALLY 
FLAT AMPLIFIER (FIG.30) 

SHUNT PEAKED CIRCU T 
FOR COMPARISION 
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RESPONSE OF AMPLIFIER 
NCLUDING ANODE CIRCUIT 
(56011) 

Mc /O 

OVERALL RESPONSE 
WITH OPTIMAL FEEDBACK 

FIG.31 a.WITH R-560f1. 
I 

1 1 
' 1 1 

-7 ------ ---,_ 
, 

1.s 

- 

__I 
L. /e's' -„..,. 1 NATURAL RESPONSE 

WITHOUT OPTIMAL FEEDBACK -.....,- i 

I 

5 mc 

.2 

NATURAL 
RESPONSE 
WITHOUT F.8 

.5 2 

MC/5 

NATURAL 
RESPONSE 
R = 3300 

RESPONSE 
WITH OPTIMAL 
FEEDBACK 

.2 4 2 5 10 

MC /S 

FIG. 31.—(b) RESPONSE CURVES FOR THE CIRCUIT GIVEN IN FIG. 31 (a). 
(e) RESPONSE WITH R = 1,000 OHMS, i.0., A GAIN INCREASE OF 1.8. 
(d) R = 2,000 ORES, i.e., GAIN INCREASED BY 3.6. (e) R = 3,300 OHMS, 

1 i.e., GAIN INCREASED BY 5.9. 
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 o 
32.—ALTERNATIVE ARRANGEMENT FOR SUPPLYING OVERALL 

OPTIMAL FEEb BACK. 

single stages having optimal feedback applied via preceding or 
succeeding amplifier stages. 
The application of this overall optimal feedback shows that, given an 

amplifier of wide frequency response flat to frequency f, and of gain Al, 
associated with a poor response amplifier of gain A2 and response f,‘ 
then in combination the gain band-width may be approximately 

,2212f, (provided A,f,< f,) 

-41212f (if Ads> .fi) 

A note of warning is necessary in the design of feedback amplifiers. 
Since the natural response is falling much more quickly than the overall 
effective response, certain valves in the loop will be handling much 
higher amplitudes of the higher-frequency components than for the 
amplifier without feedback. This condition will demand much higher 
reactive current for the valve or valves in question, and must be allowed 
for in the design, if the profit theoretically possible is to be achieved. 

or 

Staggered Time Constants 

It has been shown 3' that in a two-stage circuit, maximal flatness is 
also achieved by making the feedback a simple resistance network and 
staggering the time constants of the amplifier. 

In this solution the feedback factor 1 A013 is made equal to 

(b ± 2 

2 

where 
b \re; 

o — 
NI R,C r, RiC, 
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F o. 33.—TYPICAL Low- 34.—TWO-STAGE C/RCUIT 
STAGGERED TIME CON-

STAN'PS. 
FREQUENCY RESPONSE-
DETERMINING COUPLING 

ELEMENTS. 

WITU 

Low-frequency Response 

All the above findings apply if we substitute y for x 

where 

where C, is the coupling capacitance and R2 the grid resistor on the 
succeeding valve (Fig. 33). 

In this case, however, the reciprocal feedback networks are not easily 
found, and it is usually preferable to adopt the staggered-time-constant 
method (Fig. 34) in order to get the response flat. In this case the 
feedback network is a simple resistance potentiometer, i.e. aperiodic, 
and the condition for maximal flatness becomes 

+ 2Ying ± ei 2Yes + Yi + V2 + V 2NY1Y2 

1 
with — = cuCiRI 

Yi 
1 

Ys 

b 
( 1)2 N =   ti  = the feedback factor with 

i.e., for feedback giving a gain reduction of 10/1 

y C R I 2 
y2 C1R1 

SHUNT-REGULATED AMPLIFIERS 

Simple Amplifier Type 

This form of amplifier (or cathode follower) was developed to overcome 
some of the difficulties encountered, particularly at high level, in tele-
vision modulator applications." 
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FIG. 35.—SIMPLE SHUNT-REGULATED 
AMPLIFIER. 

Output impedance: 

Z. =  
+ + 1) + 

Cain: 

teem + R) 

V out Peas + P1R) 
Vih — + +4, +(p,+ 1)R 

It frequently arises that a voltage swing required from an amplifier 
causes distortion due to the non-linear characteristics of the valve 
towards cut-off. Operating the valve at higher H.T. supply voltage • 
and/or with higher anode load resistance improves the condition, since it 
is then unnecessary to drive the valve•towards low current to the same 
extent for the same anode voltage excursion. In Class A video. 
frequency amplifiers these are undesirable features from the point of 
view of economy and performance. Shunt-regulated amplifier tech-
nique provides means of simulating the desired conditions of high anode 
load resistance and high H.T. supply voltage while still maintaining a 
moderate H.T. supply voltage and providing improved frequency 
response, higher reactance-current handling capability, lower output 
impedance and higher conversion efficiency for a given performance. 

Basically the circuit is shown in Fig. 35. 
Valves V, and V, aro in series as shown, with a resistor R connected 

between them. The grid of V, is returned to anode of V,. 
Signals are applied at the grid of V1, and output is taken from the 

cathode of V,. The connections shown neglect bias arrangements and 
show only signal connections. 

Operation can be explained most simply by reference to the character-
istics of the valves, which for simplicity are taken to be similar triodes. 
These are shown in Fig. 36. 
Assuming a given instantaneous current flowing through the system 

with no load, and a given H.T. supply voltage, the grid-cathode excita-
tion for V, is derived by taking the product of the current and the 
resistance R. This settles the voltage drop across V, and therefore the 
voltage across V2. Current and voltage relations in V, are then known, 
and the voltage excursions for the two valves can be drawn. 

This is demonstrated below, and curves are drawn in Fig. 36. 
For this illustration largo 2-kW dissipation triodes, type ACM3, 

are used, as these are in current use in 50-kW transmitter television 
stations in this country. 

Assume H.T. voltage 2,500 

take R --- 100 ohms 
then 173= 2,500 — ill — V, 
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FIG. 36.—VOLTAGE EXCURSIONS FOR A SHUNT-REGULATED AMPLIFIER. 

So by taking a range of values for i the to voltage excursions on the 
two valves can be plotted, viz. ABC for valve 1 and DBE for valve 2. 
It may be seen by inspection of Fig. 36 that so far the areangement has 
replaced the conventional anode load resistor by a .,•alve, and no im-
provement in linearity is apparent. It may be seen that the equivalent 
load presented by the valve is higher than its anode impedance, owing 
to the negative feedback due to. R and is actually 

r. + 1)R 

If now the lower limit of the current excursion is decided—say point F 
on curve ABC, this value of current can be made to coincido for Class A 
operation with the E, = 0 line of the characteristics of valve 1 (point G) 
by suitably biasing the valve. This transposes both excursion lines to 
the positions GHJ and KHL shown in Fig. 36, and is approximately 
equivalent to increasing the H.T. voltage by IL times the bias applied to 
effect the transposition. 

In this condition, while the D.C. resistance of the valve and resistors 
is almost the same as the resistance of the valve itself, the A.C. imped-
ance r. (i.a + 1)R of the combination is very much higher and enables 
the greater linear voltage swing to be obtained. Further advantage 
accrues if instead of the arbitrary zero. loading condition so far used to 
demonstrate the operation, a capacitative load is assumed. 
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The mean current through tho two valves is higher for a given H.T. 
voltage. As the frequency of the signal is raised, an increasing demand 
of reactive current is made by the capacity load. This demand is met, 
for rising voltages, by an increase of current in V, and a decreasing 
current in V 2, i.e., the total reactive current available is the sum of 
the currents in both valves, i.e., twice the mean current. 
The properties of this form of amplifier are summarized below : 

r„,(r.2 R)  
Output Impedance Zo — r.2 + (p i + 1)R 

Gain 

FL2(r.ii  PiR)  
V1 — r,,1 -I- -I- 1)R 

For the ACM3 valves taken to illustrate the operation, appropriate 
values are : 

Lj = P2 = 15 

r„, = 600 

for R --= 100 

Output Impedance -= 120 ohms 

Gain — 11-25 ( i.e. /IL) 

The low-output impedance may be shown graphically, as in Fig. 36, 
by assuming a load change which causes a fall in current in valve 2 from 

TABLE 5.—COMPARISON OF CONVENTIONAL AND SHUNT-REGULATE I) 
AMPLIFIERS 

Conventional Shunt regulated 

et.CM3 Valves 
= 15 ; = 600) 

Number of valves . 
Gain . 
Output voltage 
Resistor . 
Watts in resistor 
Input capacitance . 
Departure tn.= linearity in 

response to a saw-tooth 
waveform . 

H.T. required . 
Mean current from H.T. 
supply . . 

H.T. power input . 
Output impedance . . 
Current fluctuation in H.T. 
supply for 1,000 volts 
swing . . . 

2 in parallel 
11 

1,000 
825 ohms 
2.1 kW 
400 pF 

Approximately 6% 
2,000 V 

1.6 A 
4.640 W 
228 ohms 

2 in series 
11 

1,000 
100 ohms 
64 Vkr 
200 pF 

Approximately 1% 
2,500 V 

0.8 A 
2,000 W 
150 ohms 

1.2 A 0.6 A 
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OUT 

(a) (b) (c) 

FIG. 37.—FREQUENCY COMPENSATION OF SHUNT-REGULATED AMPLIFIERS. 

in (a), the load capacitance C normally appears between the output terminal and 
earth. 

(Courtesy of the I.E.E.; reference 8.) 

M to N. There is an increase in the anode voltage of V, and an increase 
in the current in V1, due to the reduction of iR. The construction PRQ 
satisfies these changes and shows that the equivalent impedance is 
represented by the slope PQ, which is a much lower resistance than the 
characteristic resistance of the valve. 
A comparison of the performance of a shunt-regulated amplifier and 

a conventional amplifier with the same gain and reactive current. 
handling capability is shown in Table 5, and illustrates the advantages 
obtained. 

High-frequency Response 

Reactive compensation to improve frequency response may be 
included in a variety of ways. 
One particularly interesting property is that if an inductance L is 

included with the control resistor R as in Fig. 37, of value determined by 
the relation 

L Cr (r PB) 
IL 

Then the impedance presented to the anode of V, is 

R(µ + 1) ± r +.jcuL 

and for all practicable purposes removes all the load capacitance C 
from the amplifier V2. 

Various stages of improvement are shown in the accompanying 
diagrams. So far, no rigid analysis has been completed for these types 
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PIG. 38.—M EAS URED RESPONSE CURVES OF A SIMPLE SHUNT-REGULATED 
AMPLIFIER WITH PROGRESSIVE COMPENSATION ( FOR A CAIN OF APPROXI-

MATELY 10 ). 

(Courtesy of the I.E.E.; reference 8.) 
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of compensation, and results are usually obtained by cut-and-try 

methods. 
Several useful steps in an approach to good frequency compensation 

are, however, known, and are illustrated below. 
In practice the bias arrangements and any additional compensation 

reactors add additional stray capacitance to the circuit, and the heater 
transformer for the valve V, introduces a further capacitance. The 
most critical part of the circuit from the point of view of frequency 
response is the anode of VI, and it is necessary to remove as much of 
the reactance loadings as possible from this point. 
The effect of the D.C. and low-frequency coupling system is removed 

by including the stray reactances in a constant-impedance network. 
This is shown in Fig. 37. The value of C' is chosen to be large compared 
with the reactances involved, and L' is then governed by the relation 

R = 
In practice, a further improvement is obtained by rearranging the 

elements so far used in the form of Fig. 37, in order to remove as much 
as possible of the stray capacitance, associated with the constant-
impedance network, from the valve V,. 
The high-frequency connection between V, and V, is made direct 

with a capacitor as shown also in Fig. 37. In this path is included a 
damped series inductance. 
The progressive improvement with these compensating elements is 

seen in the curve of Fig. 38. 
The use of shunt-regulated amplifiers is a relatively new technique, 

and, at the time of writing, there is little published data on the precise 
reactance relations to achieve the optimum frequency response. 
As a guide, however, the practical amplifier of Fig. 39 produces the 

results indicated. 

.25 

•r. 

FIG. 39.—PRACTICAL SHUNT•REGULATED A i PLIFIER. 

This has a frequency-response flat within 3 db to 7 Mc/s. 
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Flo. 40.— SIMPLE SHUNT-REGULATED 
CATHODE FOLLOWER. 

Simple Cathode-follower Type 

With conventional cathode followers 
the upper frequency limit for a given 
voltage swing is usually determined by 
current cut-off during the negative-going 
voltage excursion due to capacitance in 
shunt with the load. 
The simple type of shunt-regulated 

cathode follower minimizes this effect 
and offers considerable improveinents in 
operation. 
A particular case arises in the output 

stage of a television modulator feeding 
into a grid-modulated radio-frequency amplifier. Usually the load 
presented to the modulator is both reactive (due to circuit and valve 
capacitances) and resistive due to transmitter grid current. The 
orthodox solution to this problem is to use a conventional cathode 
follower with current-handling capacity adequate to supply the reactive 
current and the peak resistive current, and where conditions are par-
ticularly unfavourable it is also necessary to provide a current stabilizer 
to offset the effects of the non-linear grid current. 

(a) 

Flo. 41.—(a) SIMPLE 

Output Impedance: 

Gain (no load): 

2 0 

1 a 

l 6 

41 1 4 

1 2 

1 0 
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V. 

V; 

) CHARACTERISTICS 
GRID CURRENT IN T 

Meat + »sit) 
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or ACM3 VALVE W TIE CURVED LOAD LINES DUE TO • 
HE FOLLOWING STAGE; SHUNT-REGULATED CATHODE 

1-
D 

FOLLOWER. 
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Using a shunt-regulated cathode follower, V„ Fig. 40, acts partially 
as a current stabilizing device, so that the amount of stabilization left 
to be done is reduced, and the mean current required from the H.T. 
source is approximately halved. 
The voltage excursion curves for ACM3 valves used as a simple shunt-

regulated cathode follower are shown in Fig. 41, and are derived in 
a manner similar, to that described earlier for the amplifier-type 
arrangement. 
The operating properties are as follows: 

ros(r.ti R)  
Output Impedance Zo — R (µ, ± it,ll) 

Gain (Open-circuit) 117,--: r.1 e1( i',2 =1E.(r1:2 + l 1 + e) (r.1 e2R) 

which for the ACM3 valves illustrated with 

= 15 r4 = 600 ohms R = 1-00 ohms 

Output Impedance Z0 = 12 ohms 

Gain = 0-92 

A comparison or the performance of a single shunt-regulated cathode 
follower with a conventional cathode follower for the same reactive 
currant handling capability at the same voltage swing is given in 
Table 6. 

TABLE 6.—COMPARISON or CONVENTIONAL WITH SHUNT-REGULATED 
CATHODE FOLLOWER 

Conventional Shunt regulated 

ACM3 valves 
(it =- 15; r = 600) 

Number of valves . 
Output voltage 
Gain . . 
Resistor . . . • 
Watts dissipated in resistor 
Output impedance . 
Mean current . . 
H.T. required . . 
H.T. power required 

2 in parallel 
1,000 
0-92 

875 ohms 
5 kW 

18 ohms 
2-4 A 

3,480 V 
8-3 kW 

2 in aeries 
1,000 
0-92 

100 ohms 
L40 W 
12 ohms 
1-2 A 
3,000 V 
3-6 kW 

Other Forms of Shunt-regulated Amplifiers 

More complicated forms exist " and offer further advantages. These 
are illustrated in Figs. 42 and 43. 
In these forms, zero output impedance and infinite input impedance 

are posiible, and they also possess a form of impedance inversion 
property by virtue of which a load capacitance is reflected into the 
driving circuit as a negative capacitance. This is demonstrated by the 
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INPUT OUT PUT 

zL 

FIG. 42 .—D017BLE -SHI7NT. Fia. 43.—DOUBLE -SHUNT -REGULATED 
REGULATED AMPLIFIER. CATHODE FOLLOWER. 

(Formula for the circuit., in Figs. 42 and 43 are given on page 10-66.) 
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FIG. 45.—MEASURED RESPONSE CURVES OP CIRCUIT IN Éro. 44. 
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o 

Flo. 46.—VIDEO-FREQUENCY AM ru - 
FIER WITH REACTANCE CONPENSA. 

TION AND FEEDBACK. 

G = e,fe, = 3.3 
Response level to 10 Me/s 

<0— 

FIG. 47.—VIDEO AMPLIFIER WITH 
REACTANCE COMPENSATION AND 
FEEDBACK. IN THIS ARRANGEMENT 
THE AMPLIFIER CHARACTERISTIC 
COMPENSATES FOR THE INPUT TIME 
CONSTANT 10k, 25pF, AND IS IN-
TEÑIDED FOR " HIGH PEAKING" 

APPLICATIONS. 

Response e, to e, level to 12 Me/s. 
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sue. lsov. 

&opt 
Ca/kri 

9‘ 1E41'7 

V, 

.vv  

-r_ 
CS. 

115 

FIG. 48.—VIDEO AMPLIFIER WITH REACTANCE COMPENSATION AND FEED - 
BACK CIRCUITS. 

Response level to O Me/s: — 1 db, 8 11c/a; — 3 db, 13 Mc/s. G = e.le. — 30. 

practical circuit of Fig. 44, for which response curves are given in Fig. 45, 
which show that frequency response improves as capacitance loading is 
increased, due to the fact that in the circuit shown the output pair have 
a much better frequency response than the driving pair. As long as the 
output pair will deal adequately with the load as the capacitance is 
increased, then more and more negative capacitance. is fed into the 
driving-valve coupling impedance, thus improving the performance of 
the amplifier. 

This feature is, of course, as always, strictly dependent on all the 
valves being able to deal with the reactive current demands. 

Hybrid Types 

These may take the form of reactance-compensated amplifiers which 
also include feedback or any other combination of the techniques already 
described. Some interesting examples are shown in Figs. 46, 47 and 
48, which also indicate performance. 
These amplifiers are due to E. Davies and  aro in current use. 

DIRECT-COUPLED AMPLIFIERS 

It is frequently desirable at high level, particularly, to include direct 
coupling in the video-frequency amplifier system. This arises from the 
difficulties of clamping at high voltage levels as against the cost of direr e 
coupling. 

Earlier designs of direct-coupled amplifiers used some form of D.C. 
supply included in a constant-impedance network " hold off " system, in 
order to couple anodes at high potential to grids at low potential." 
The method used is illustrated in Fig. 49, and shows that the large 
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• CONDITIONS ARE R2= L/C 
R . 

A 

A 

FIG. 49 (top left).—D.C. SUPPLY CONNECTED 
TO FORM PART OF CONSTANT-IMPEDANCE 

NETWORK FOR A D.C. AMPLIFIER. 

FIG. 50 (top right).—CONSTANT-IMPEDANCE 
NETWORK. 

FIG. 51 ( left).— CONSTANT-IMPEDANCE NET-
WORK INCLUDING A BATTERY. 

FIG. 52 (below).—NEON COUPLING NET-
WORKS. 
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A 

SERIES CHAIN 
OF NEONS 

__BLACK LEVEL 
DATUM 

_SYNC. PULSE 
DATUM 

FIG. 54.—DATUM LEVELS OF THE 
TELEVISION W AVEFORM. 

FIG. 53 (left).—NEON COUPLING 
NETWORK WITH VOLTAGE ADJUST-

MENT. 

capacitance of the supply can be built out as a constant impedance R if 
sufficient care is taken. 
More recently the neon coupler has been used successfully, and results 

in considerable simplification.8 
Neon couplers are employed to connect two points between which it 

is necessary to establish a fixed D.C. potential, and are derived from the 
constant-impedance coupling network shown in Fig. 50. In this net-
work, provided LIC -= R2, then the impedance through the L—R—V 
network is equal to R at all frequencies. If a battery is included in the 
low-frequency branch of the network, Fig. 51, the conditions required 
for a coupler with a potential difference are met, provided the inclusion 
of the " battery " does not add significant capacitance to the system. 

In practice, the " battery " is replaced by one or more neon tubes, the 
internal resistance and inductance of the neon tube being absorbed 
into the designed values for the low-frequency branch of the network. 

In designing these coupling networks care must be taken to ensure 
that over the signal excursion the neon current remains within the 
minimum and maximum values permitted. 

This form of coupling has been used for potential differences from 
70 volts to over 2,000 volts with satisfactory results. 
A true constant-impedance neon coupler and simplified arrangements 

aro shown in Figs. 52 and 53. 

D.C. RESTORATION AND CLAMPING 

The television waveform has two datum levels, one at the extreme of 
the synchronizing pulses and the other at " black level" or " pedestal 
level " as illustrated in Fig. 54. 

These levels should be transmitted with their D.C. potential always in 
the same relation. 
The effect of R—C couplings in the video-frequency amplifier system 

is to remove all the very low-frequency components and so disturb 
these datum levels, and the form of distortion that occurs is illustrated 
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FIG. 55.—DISTdR-
TION OF TELE-
VISION W AVE-

FORM. 

SYNC. 
BOTTOM 
LEVEL 

in Fig. 55. Referring to Fig. 55, periods I and III represent a peak 
white signal immediately before and after a frame-suppression period 
II, while period IV represents a period of " black " With synchronizing 
pulses occurring by a sudden transition from the condition of period I. • 

It is necessary to re-establish these-levels before transmission, and 
this is done by a process commonly called D.C. re-insertion. 
The process may be accomplished in one of three ways: 

(1) D.C. restoration; 
,2) synchronizing pulse peak level clamping; 
(3) black-level clamping. 

D.C. Restoration 

This is the simplest of the various methods, and is illustrated in 
Figs. 56 (a) and É6 (b). The diode D is arranged to conduct on the peak 
of the synchronizing pulses and restore the charge on the capacitor C 
to the reference potential RP, to which the diode is connected. 

In between the periods of diode conduction the capacitor C discharges 
through the leak resistor R. 
Owing to the finite resistance of the diode during conduction, which 

POSITIVE 
SIGNAL 

V\1/4 

o  
INPUT OUTPUT 

_L. 

Fla. 56 (b).—SIMPLE D.C. NEGATIVE 
RESTORATION CIRCUIT SIGNAL 
FOR NEGATIVE PICTURE 

SIGNALS. 

R.R 

_L 

Flo. 56 (a).—SIMPLE D.C. 
RESTORATION CIRCUIT 
FOR POSITIVE PIC TUNE 

SIGNALS. 
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FIG. 57 (a).—(right) IMPROVED 
D.C. RESTORATION CIRCUIT FOR 
POSITIVE PICTURE SIGNALS. 

POSITIVE SIGNAL 

B (POSITIVE TO R.P.) 

NEGATIVE SIGNAL 

FIG. 57 57 (c).—(rigla) ALTER-
NATIVE TO CIRCUIT IN FIG. NEGATIVE SIGNAL 

57 (5). 
This circuit is only suitable 
uhen A is positive to R.P. 

4-

A 
R.P. 

R.R 

,I,CURRENTI IN R. 
(NEGATIVE TO R.P.) 

Fia. 57 (b).—(left) IM-
PROVED D.C. RESTORA-
TION CIRCUIT FOR NEGA-
TIVE PICTURE SIGNALS. 

R.R 

can be high for small anode—cathode voltage, the capacitor potential is 
not restored absolutely to the reference potential, and so a finite marginal 
voltage is required above the reference potential at each synchronizing 
pulse in order that the system shall function. This marginal voltage is 
reduced by making R large. Tho magnitude of R is limited by the 
reverse grid current of the valve shunting R. Alternatively, if C is 
increased in value, making the CR product larger, the discharge during 
the line period will be less. 
A form of distortion occurs when the picture content changes from, 

say, steady white to steady black. This is minimized by keeping the 
current in R as near constant as possible. Thu methods shown in. 
Figs. 57 (a), (b) and (c) approach this constant-current condition. 
A further source of trouble arises if the low-frequency distortion 

preceding the restorer is such that the synchronizing pulse tips tend to 
wander in potential away from the diode conduction potential. If this 
happens the diode is inoperative unless the restorer CR product is small, 
which is undesirable for the previous reasons. It is therefore preferable 
to keep the earlier couplings good, so that the rate of input signal varia-
tion is slow compared with the time constant CR. 

Simple D.C. restoration is most effective when the signal voltage is 
large compared with the marginal voltage. As a practical guide a 
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PP 

FIG. 58.—ONE FORM 
OF SYNCHRONIZING 
PULSE PEAK-LEVEL 

CLAMP. 

'WM 
siknal of loss than 10 volts is difficult to restore well with diodes currently 
available. Signals greater than 20 volts can be restored so that dis-
tortion in the waveform datum levels is less than 3 per cent. 

Synchronizing Pisse Peak Level Clamping 
This operates during the same part of the waveform as simple D.C. 

restoration, but can be made far more effective, since the diode-operating 
signals may be large and independent of signal levels and variations in 
signals. 
One type is illustrated in Fig. 58. 
Large-amplitude, separated-synchronizing pulses are applied to the 

diode D, to cause conduction during the synchronizing pulse period. 
Advantages over simple restoration occur because: 

(1) The period of diode conduction is constant for all conditions 
of the signal. 

(2) The diode conduction impedance is low and substantially 
constant over the whole restoring neriod. 

In the form shown in Fig. 58, the product RIC2 is made as large as 
practicable. R, increases the.marginal voltage and is increased until 

POSITIVE OR 
NEGATIVE 
SIGNAL 

C2 

CLAMP 
PULSE SOURCE 

—à— 

FIG. 59.—GENERALIZED CIRCUIT FOR A 
CLAMP. 

OUTPUT 

o 

C3 

CLAMP 
PULSE SOURCE 

DIODE BRIDGE BLACK-LEVEL 
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FIG. 60.—GENERALIZED TWO-DIODE CLAMP CIRCUIT. 
C, = 0 005 µF. Z. and Z. are 680 il sources of clamp 
C, = C. = 0-1 F. pulses. 
D,, D, two halves of a D77. Pulse amplitude = 25 volts. 
R, = R. --- 270k. Signal amplitude = 10 volts picture; 
Z. lk. 8 volts sync. 

the p.d. becomes many times the variation in p.d. which occurs during 
the frame period. 
C1 is made small, since there is now no need for the discharge resistor. 
Synchronizing pulse peak level clamping may also be accomplished 

by using the form of clamps described under the heading " Black-level 
Clamping " the only difference then being that the diode gating signals 
are amplified synchronizing pulses instead of the very narrow black. 
level clamping pulses. 

Black-level Clamping 

This method restores the datum level following the synchronizing 
pulses and preceding the picture signals. Clamping pulses are generated 
in a clamp-pulse generator (described later), and are applied to the 
clamping diodes shown in Figs. 59 and 60. 
The duration of the black-level period varies with the standards. 

For British standards the duration is approximately 5 microseconds. 
so it is necessary for the duration of the clamping pulses to be less than 
5 microseconds and disposed in time so that they occur within the 
5-microsecond period. 

It is common practice to " slave " the clamp-pulse generator to the 
waveform so that the clamp pulse starts at a short time, say 4-1 micro-
second, after the lagging edge of the synchronizing pulse, and to be 
anything from 1 to 3 microseconds in duration. 
Two forms of diode clamp are commonly used, and appear to have 

superseded triode ciamos, These diode clamps aro illustrated in Figs. 
59 and 60. 

• 
Four-diode Bridge Clamp 

This is illustrated in Fig. 59. Clamp pulses are applied with polarity 
as shown. The diodes are cause d to conduct, current flows round the 
bridge system, and the capacitor C1 is restored to the reference potential. 
The charges which accumulate on coupling capacitors C2 and Ca during 

this process are removed by the discharge resistors R1 and Rt. 
The criterion for high-speed line-by-line clamping is that the restoring 
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time constant determined by the impedances Z1, Z2. the diode path and 
the capacitor C1 shall be small compared with the duration of the pulse. 
To ensure this form of operation, it is necessary to estimate the 

maximum discharge current in the capacitor C1, and to design the diode 
bridge to carry more than this current during conduction. 
To achieve good clamping in practice : 

(1) C, is made small, say 0:001-0:01 F. 
(2) The impedances Z1, Z2 are made as small as possible. 
(3) Clamp pulses are made large, at least twice and sometimes 

several times the d.a.p. signal excursion on C1. 
(4) Clamp pulses are made equal in amplitude and shape. 

This form of clamp has the additional adVantage that the reference 
potential may be varied rapidly, and the level of the signal will follow. 
This form is therefore used where feedback correction is applied to 
stabilize black level." 

Two-diode Clamp 

This is illustrated in Fig. 60, and is commonly used in cases where a 
fixed reference potential is required and where it is permissible or 
desirable to take several lines to correct an error in datum level. In the 
simplest form of application in which noise pulses can occur in the clamp-
pulse system this is a desirable feature, and is commonly employed. 
When this form of clamp is used, the requirements of low impedance 

in all current paths are reduced to the level of the reduced performance 
to be expected. 

Suitable values are shown in Fig. 60. 

PREDISTORTION AND WAVEFORM CORRECTION 

Owing to the non-linear /A / V, characteristics of the grid-modulated 
valve and any subtequent amplifiers, together with regulation of driving 
stages and supplies, an incoming waveform as Fig. 61 (a) will be dis-
torted in the transmitter chain and emerge in the uncorrected state as 

Fig. 61 (b) with the ratio > 7 
Y 3. 

The distortion occurs in three distinct forms, which sometimes merge 
into one another, but for simplicity it is assumed that coirection is 

INPUT 
SIGNAL 4 

c 

(a) (b) 
Fie. 61.—(a) UNDISTORTED LINE SAW-TOOTH W AVEFORM; (b) 'WAVE-
FORM DISTORTED DEE TO TRANSMITTER VALVE CHARACTERISTICS. 
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' Fm. U .—TELEVISION WAVEFORM CORRECTION UNIT. 

required (a) towards White Fig. 61 (b)—A; (b) towards black Fig. 
61 (b)—B ; (e) to lengthen the synchronizing pulse Fig. 61 (b)—C. 
A system incorporating these three forms .of correction is shown in 

Fig. 62. 

Not-linear Amplification towards White 

The valve V, is driven with the full input signal, but the clamp 
reference potential P is returned to a variable bias, which is adjusted to 
allow V, to conduct at the point in the voltage excursion towards 
" white ", where non-linear amplification is needed. Tho law of the 
correcting signal is adjusted by suitable choice of the feedback resistor 
RV,. The anodes of valves V, and Vg work into a common load, so 
that the combined output is the normally amplified signal plus the 
correction signal. 

Synchronizing Pulse Stretching and Stabilizing Circuits 

During the period of picture signals the rectifier MR, is cut cff and 
the gain of V, is largely determined by the cathode feedback resistor 
R1 In the period of synchronizing pulse signal the cathode of V, is 
negative to earth and MR, conducts, and the gain of Vy is greatly 
increased, so stretching the synchronizing pulse. The signal amplitude 
on the grid of V, is sufficiently great to ensure adequate stretching even 
in the presence of reduced incoming synchronizing pulses. A further 
degree of synchronizing pulse stretchin& is provided by V, and the 
similar action of Mit, and MR,. 
The grid of the output cathode-follower is connected directly to the 

anode of V3, and its cathode is connected by the crystal diode to the 
input of the grid-coupling capacitor C,. The tips of the synchronizing 
pulses cause MR, to conduct, lowering the effective anode load of V, 
and Vg and limiting the pulse amplitude. The variable resistance RV, 
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acts differentially tit the currents in V, and V 3, and varies the amplitude 
of the output synchronizing pulse. 

In this system the outgoing pulse amplitude is independent of in-
coming synchronizing pulse amplitude within the rango of picture 
signal to synchronizing pulse signal ratio 50/50 to 90/10. 

Non-linear Amplification towards Black 

In the circuit of Fig. 62 RV, sets the level at which • non-linear 
amplification sets in, by adjustment of the bias on crystal MR,. Since 
V, cathode is at earth potential when the signal is at black level, the 
crystal will conduct when the bias potential provided by RV, is positive, 
and when conduction takes place the gain of V 2 is increased, giving the 
necessary pre-distortion. • 

This signal correction system is in current use, and is due to J. E. 
Nixon. 

CLAMP-PULSE GENERATORS 

These fall into two broad categories: 

(1) Generators in which a pulse-forming oscillator is locked to 
the incoming waveform. 

(2) Generators in which the pulses aro derived directly from the 
incoming waveform. • 

Each type has its own particular advantages and finds application 
depending upon the conditions to be met. Thus in systems which 
employ overall feedback to determine the clamp reference voltage, the 

al (+ 200v) 
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63.—BISGING TYPE OF CLAMP-PULSE GENERATOR. 
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(a) 

BASIC CLAMP 
PULSE 

(b) 

EDGES DELAYED 
Fia. D4.—BASIC DELAY LINE TYPE CLAMP-PULSE GENERATOR. 

locked variety is frequently used in order to keep the system under 
control when the incoming signal fails. 

In systems not employing feedback determined reference potentials, 
it is often preferable to use the waveform-derived clamp pulses. 

Waveform-derived Clamp Pulses 
(a) Ringing Type. One such arrangement is illustrated in Fig. 63. 
The first valve V, amplifies the incoming signal with a gain of, say, 

50-100, giving 10-20 volts of synchronizing pulse output. The poor 
frequency response of such a high-gain amplifier is of little consequence, 
and helps in reducing the effects of short-duration interference pulses in 
the incoming signal. 
A D.C. restored coupling to the next valve V, enables V, to separate 

the synchronizing pulses from the composite waveform. In this form 
of separator a reduced anode voltage on Vg is advantageous. 
The anode current of Vg flows in a transformer which produces ringing 

after each transition. edge of the pulse. The diode D, damps out all 
except the wanted pulse. 
The transformer is tuned to about 170 kc/s and gives a pulse about 

3 microseconds in width. 
The precise timing of the pulse is unimportant as long as it occurs 

during the 5 microseconds of " black level ", so that errors in timing 
due to the simplified separator, etc., which might affect high-precision 
synchronization are unimportant. The derived pulse is fed to V„ 
which provides outputs of both polarities, which may be used to operate 
on the diode clamps. 
The equality of the pulses in amplitude and shape is of some import-

ance, and a trimmer is provided to assist the balance and minimize 
break-through of the clamp pulses on to the clamped grid. 

(b) Delay Line Type. A second type of waveform-derived clamp. 
pulse generator is illustrated in Fig. 64. 

First of all the synchronizing pulses are separated and the anode load 
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of the separator consists of a short-circuited delay line D, with trans-
mission time of, say, 3 microseconds. 
When the separated synchronizing pulse appears at the anode of VÍ. 

it travels along the delay line and is reflected at thi shorted end, and 
arrives back 6 microseconds later at the anode with polarity reversed. 
At the anode therefore the separated synchronizing pulses are 

partially cancelled by the reflected synchronizing pulses, and the result 
is as shown in Fig. 64. 

It will be observed that the second pulse in the tesultinp output occurs 
during the black-level period of the original waveform, and may there-
fore be used dieectly as a clamp pulse. 

In order to move the effective clamp pulse by a safe time margin from 
the trailing edge of the synchronizing pulse, a further small delay is 
introduced. This may conveniently be obtained by taking the output 
from a tapping on the delay line as shown in Fig. 64. 
As before the basic clamp pulse is then amplified andior produced in 

both polarities for use by the diode clamps. 
A complete pulse generator is shown in Fig. 65, which uses a slightly 

different arrangement of delay lines to achieve the same result. 

Waveform-locked Clamp-pulse Generators 

These may take the form of a free-running oscillator-type pulse 
generator such as a multi-vibrator, IA hich is locked to the incoming 
waveform. One such system is illustrated in Fig. 66. 
The separated synchronizing pulses are delayed in the line network 

and differentiated by the 50 pF-10 k Q capacitor-resistor co:nbination in 
the coupling to V, to provide an effective locking pulse for the multi-
vibrator V„ Vs. The tuned circuit in the anode circuit of the multi-
vibrator valve V s maintains the line-by-line locking during the frame-
suppression period when half-line triggering is present. 
Output from the multi-vibrator is taken to valve V„, the output of 

which is then amplified, limited and distributed with both polarities. 
The circuit including the diode V„ is a gating circuit which gives 

considerable immunity from interference. 
This form of clamp-pulse generator is currently used as part of a 

high-speed line-by-line control of black level, and is due to N. N. 
Parker-Smith." 

POWER SUPPLIES FOR TELEVISION TRANSMITTERS 

All power supplies for television transmitters that have to deal with 
loads which fluctuate at video frequency must either provide a .constant 

output impedance over the video-frequency 
range, or the output impedance must be so low 
lit all frequencies that it is insignificant. 
At high power level, for radio-frequency 

stages, it is usual to employ the constant. 
resistance network filter to meet this require-
ment. 

FIG. V .—TYPICAL ARRANGEMENTS POR CONSTANT 
IMPEDANCE NETWORKS. EACH NETWORK IS R AT 

ALL FREQUENCIFb 
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Fm. 68.—Foams OP CONSTANT-IMPEDANCE NETWORKS AS 
SUPPLY FILTER. 

When more than one modulated radio-frequency stage is supplied 
from a single source by this method, the constant-resistance filter 
represents a common coupling impedance, and in some practical cases 
precludes this form of economy. 

. In the video-frequency section of the transmitter, common impedance 
between stages due to supplies is far too troublesome to be included in a 
design, and the usual procedure is to stabilize the supplies electronically. 

Constant-impedance Supplies 

For this system use is made of constant-resistance networks as filters 
between the rectifiers and loads. 

Typical arrangements aro shown in Fig. 67, and the fundamental, 
relation for all the networks is that if R = VLIC, then the impedance 

O 
330V UNREGULATED 

230V. REGULATED 
400MA. MAX. 

FIG. 69.—SERIES REGULATED POWER SUPPLY. 
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+270 

FIG. 70.—SHIINT-REGULATED PowEn SUPPLY. 

of the rectifier and filter as seen by the load is purely resistive over the 
video-frequency band. 
In practice, owing to the distributed capacitance of the inductors and 

the inductance in capacitors, several sections are required—tapered in 
value so that each section deals only with components of current change 
within the frequency range in which it is substantially a constant 
resistance. A typical practical filter is shown in Fig. 68. 

Stabilizers 

These fall into two categories: 

(1) series stabilizers; 
(2) shunt stabilizers. 

Further forms which are a combination of both are occasionally used. 

Series Stabilizers 
In this form a series valve carries the main load current, and the 

constancy of the output voltage despite load-current changes is achieved 
by monitoring the output voltage and applying an amplified control 
voltage on to the grid of the series valve. 
For certain applications in which low-frequency current excursions 

of the load are high, the series stabilizer becomes uneconomic, as all 
the current fluctuations flow through the rectifier filter. If the filter is 
of conventional design, there will be large transient voltages appearing 
at the anode of the series regulator valves, and considerable margin of 
control becomes necessary to enable the valves to work satisfactorily 
under these conditions. In difficult cases constant-resistance filters 
preceding the stabilizer series valves become necessary. 
A typical series-regulated supply in common use for television 

apparatus is illustrated in Fig. 69. 
Series stabilizers are most effective in dealing with supply-voltage 

variations at reasonably constant loads. 

Shunt Stabilizers 
In this form of stabilizer the load is shunted by the main stabilizer 

valves, which are controlled by amplifiers, so that the load en the 
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rectifier remains substantially constant. Rectifier supplies of. any im-
pedance and with conventional filters are thus quite suitable, and 
this makes shunt stabilization particularly attractive at high power 
level, where load-current fluctuations are high. 
A typical practical shunt stabilizer is illustrated in Fig. 70, and is 

suitable for 40 xnA load current variation at 220 volts. . 
Generally speaking, the shunt stabilizer is most suitable in dealing 

with the load-current fluctuations when the input voltage is relatively 
constant. 

Series-shunt Stabilizers 

Where largo variation of input-voltage and large variation or load 
current have to be handled at the same time, it sometimes becomes 
necessary ta use combined series and shunt regulator' types. 
These are most easily designed by arranging that all load-current 

fluctuations are made up by the shunt system working at constant 
input voltage and by arranging that the series system stabilizes the 
voltage against input voltage fluctuations; at constant current. 

COLOUR TRANSMITTERS 

The recent adoption of N.T.S.C. colour television standards in the 
U.S.A. introduces an additional problem into the design of television 
transmitting equipment. While this system has not so far been adopted 
in this country, there is every reason to assume that it represents one 
satisfactory way of achieving receiver compatibility between colour and 
monochrome systems, and the implications on design are worth noting. 

Basically there are two features of the N.T.S.C. type transmitted 
waveform, illustrated in Fig. 71, which require special consideration: 

(1) the fully modulated sub-carrier at a frequency within 
approximately 0.5 Mcis of the maximum video frequency to be 
transmitted; 

(2) the existence of the colour synchronizing " burst " in the 
black-level period. 

Sub-carrier Problems 

In monochrome transmission it is safe to assume that full-amplitude 
signals do not occur at the maximum video frequencies. It is assumed 



10-64 RADIO AND TELEVISION REFERENCE BOOK 

72.—CLAMPING CIRCUIT FOR 
N.T.S.C. CIRCUITS. 

in testing television transmitters that 
for sinusoidal test signals within the 
range of picture signal amplitude, 
full amplitude is required only up to 
1.6 Mc /s, and that amplitudes then 
decrease pro rata with frequency, i.e., 

CLAMP half-amplitude signal at 3.2 Mc is ( for 
405-line standards). 

In designing for monochrome transmission it is therefore possible to 
economize in the reactive current availability of the system, provided 
that the transient response requirement is met. 
With a fully modulated sub-carrier at high video frequency, this 

economy is not possible, and greater reactive current availability must 
be made. If this current availability is too small, not only will the 
degree of colour saturation be limited, but a further risk of transmitted 
sub-carrier phase shift will occur, due to the phase shift often attendant 
upon valve sources which cut-off during a voltage excursion. 

If a sub-carrier phase shift of more than a few degrees occurs, not 
only is saturation reduced but false colours will also be produced. 
The degree to which this affects design is not yet fully known, but it 

would seem that colour is likely to need at least 30 per cent more reactive 
current availability than equivalent monochrome transmitters. 

Burst" Problems 
The existence of the synchronizing burst has a direct effect on all 

black-level clamps, since it is during the clamping period that the burst 

is present. 
Fortunately a simple remedy exists. By inserting a parallel-tuned 

circuit, tuned in to the hub-carrier, in the connection between the 
clamping diode and the clamped capacitor, the effect of the burst on 
clamping is removed. 

This is illustrated in Fig. 72, and is often achieved by using a self-

resonant " choke " as the tuned circuit. V. J. C. 
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APPENDICES 

I. Double shunt-regulated Amplifier (Fig. 42) 

Output impedance: 
(r.. + Z.)(r«. + Z.)(Z. + + (r., + - aot.Z,Z.Z.  

Z° (r«. + ZI)(Z. + Z.) + (fin + + + + ZO(Z. + Z.) + 
Zeo. + + Z.) + ...Z,Z, 

ZL + Z. - Pea. + talZsn - + Z‘ + µ,Z.)  
= ZL + Z. (Z, Z.)Val + Z; + ros +zZ(;(....++41.))++z, eiz, 

Input impedance: 
(ca. + 2.0(2. + Z.) + (r.1 + Z.)2. + (ra. + Z.)(Z. + Z.) + 

ZL + Z. • r..Z. + + Z.) + + fa‘Z.Z. z. 
-ZL + re. + (so + 1)Za + (ma + 1)2. + 

«to + .1(co. + Zs) - ewe .Z1))1Z 

II. Double-shunt-regulated Cathode Follower (Fig. 43) 

Output impedance: 
(*a. + 21)(r,,. + Zs)(Z. + Z.) + (ro. + 2.)(r.a.) -  

Z. = (r.. + Z.)(Z. + Z, + c.d + (s. + 1)f(r... + Zoe. + + r.,z, + MIZ(Z4 + Zan - PaZ,s(ras + 5.Z.) 
and this is zero when 

(ra. + Zt)(ra. + Za)(Za + Z.) + (raa + 
Gain: 
+ + + Z.)(Z. + Z.) + + + Z.)] 

+ r., +  Z,) ZL  
•=   + Z.)(Z. + Z. + + (s. + 1)((r., + Z.)(Z. + 2.) + ZL + Z. 

roe. + eta. + Z ,) — tttZ.(ca. + PiZ 1) 
Input impedance: 

+ Z.)(Z. + Z. + ra.) + + 1)((ra, + 2.)(Z. + Z.) + 
ro.• ZL + Z. r..Z. + ae.(Z. + Z.)) - 511.(53Z, + r.,) 

ZL (re. + Z.) + (rat 
+ Z.e.. + Z.) - 
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11. TRANSMITTING AERIALS 

The transmission of intelligence by means of electromagnetic waves 
has developed primarily because- the medium is all-pervading and 
essentially free from transmission losses. The waves are set up in the 
medium by an exciter acting as a transformer to convert the radio-
frequency power of the transmitter into electromagnetic wave energy as 
efficiently as possible. The transmitting aerial is the exciter, and its 
form must ensure that the maximum amount of energy is directed 
towards the receiver and that the intelligence carried by the energy is' 
not distort ed. 

Essentially, the best periodic frequency for the waves is settled by 
the distance between the transmitter and the receiver and by the type 
of intelligence which is to be sent, but a number of other factors 
influences the choice: other users, atmospheric noise, man-made noise 
and various natural phenomena have to be considered. 
The design of the aerial is determined by: 

(1) The operating frequency (wavelength) selected. 
(2) The location of the receiver relative to the transmitter. 
(3) The complexity of the intelligence, i.e.. the band-width 

necessary. 
(4) The field strength required at the receiver to give acceptable 

reception of the intelligence. 
(5) The location of the transmitting site. 
(6) The materials available for use. 

The design also involves a knowledge of the nature of electromagnetic 
waves and of the natural phenomena which influence their progression 
through regions other than free space. 
That part of the spectrum of electromagnetic waves which is used for 

communication purposes has been classified into decades. Three of these 
are considered here : 

Medium frequency (M.F.). 300-3,000 kilocycles per second • 
1,000-100 metres wavelength 

High frequency (H.F.) 3,000-30,000 kilocycles per second 
100-10 metres wavelength 

Very high frequency (V.H.F.) 30-300 megacycles per second 
10-1 metres wavelength 

Radiation 
Energy is conveyed away from a conductor carrying a periodically 

varying current by the electromagnetic field which is set up in the 
surrounding space. The field has two components, an electric wave 
with vectors in the same plane as the conductor and a magnetic wave 
with vectors at right angles to the electric wave. Both sets of vectors 
are perpendicular to the direction in which the energy travels. 
When two conductors are close together and are carrying equal 

" go and return" currents—as in Fig. 1 (a)—the electric and magnetic 
11-2 
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Fia. I.—AEI/Jets AND IMAGES. 
(a) Go and return currents in parallel conductors; (A) conductors In 

(r) parallel resonant conductors; (d) series resonant conductors. 

fields of one are exactly cancelled at all distant points by the fields due 
to the reverse current in the other conductor, and no energy is conveyed 
away or " radiated " from the pair: it all remains in the electric and 
magnetic fields bound in the space between the conductors. Now if 
they are moved apart and placed end to end with the source of energy 
between them as in Fig. 1 (b), the fields no longer cancel at distant points 
in space, and energy is conveyed out of the immediate vicinity of 
the conductors by the electric and magnetic fields—together forming 
the electromagnetic field—to all space. When the conductors are in 
series or parallel resonance at the generator frequency, that is of a 
length one-half clf (where c is the velocity of propagation. of electro-
magnetic waves, and f is the generator frequency (= (427r) and 
elf is the wavelength), a standing wave of current is set up on them, the 
input impedance is purely resistive and all the input power, apart from 
losses, is radiated. In the series resonant condition the magnitude of 
the resistance is usually denoted by R, and called the " radiation 
resistance referred to the loop current jo" so that 

R, — 

The term 10 is the maximum value of the standing wave of current on 
the conductors for the series and the parallel resonant lengths, and R, 
is assumed to be located at the point where I is flowing. Two con-
ductors in series resonance as Fig. 1 (d) form what is usually called a 
" half-wave dipole" or more simply a " dipole ". 
The magnetic field ¡I set up by a current f in a wire of length L at a 
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point at a distance D in the plane which is perpendicular to the wire is 
given by the expression: 

to D , D 
I L  sin w , — —) cos co (c — — 

H = c) e.m.u. . ( 1) 

c.D. D' 

The first terni represents the radiation field, the second term is the 
induction field. In the full analysis it can be shown that the energy in 
the radiation field is lost from the source, whereas that in the induction 
field returns to the source over the complete time period 1 / co, and 
therefore represents no loss of power. At great distances the field 
strength will be mainly due to the radiated energy, since this is pro-
portional to the inverse of the distance and the induction component to 
the inverse of the distance squared. 

Polarization 

The polarization of an electromagnetic wave is defined in relation to 
the electric vector, so that in a vertically polarized wave the electric 
vector is vertical and the magnetic horizontal. It follows that a 
vertically polarized wave is set up along the surface of the earth when a 
suitable generator is connected between a vertical wire and ground. 
The earth can be considered as a reflecting surface, and the field strength 
of the wave is due to the combined effects of the wire and its image in 
the surface. Typical radiators and their images are illustrated in Fig. 1. 
The surface, or Ground Wave, is particularly important on medium 
frequencies, as it travels for considerable distances in contact with the 
ground. Energy which is radiated at an angle to the horizontal forms 
a wave travelling upwards—the Sky Wave—and does not give rise to 
a field at ground level unless reflected from a conducting layer above 
the earth, as shown diagrammatically in Fig. 2. 

Propagation by Ground Wave 

Since the earth is not a perfect conductor, part of the energy of 
the ground wave is absorbed, and the field strength decreases more 
rapidly than the inverse of the distance travelled. This effect has been 
studied in great detail, and groups of curves relating field strength with 

- REFLECTING Lee-pi 
__— 

SKY WAVE 

....PRIMARY SERVICE I SEVERE FADING  
AP.EA •- AREA 

2.—.GROUND W AVE AND SKY W AVE. 
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distance and frequency for ground paths having specified conductivities 
and permittivities are available. Figi 3 shows a typical group plotted 
for an aerial producing a vertical field strength of 100 mV/metre at a 
distance of 1 mile. When the field strength at 1 mile has been measured 
or calculated for a given aerial, the curves give the field strength at 
other distances when ground attenuation is taken into account and 
also allow for the curvature of the earth's surface, an effect which 
becomes important for distances greater than some 35 miles. Ground 
losses increase as the frequency is increased and, above 1,500 kc is, so 
rapidly attenuate the ground wave that the service area is reduced to a 
few miles. Broadcasting on these frequencies is confined to low-power 
transmitters designed for a local service. Over the sea, however, the 
attenuation is very much less, and marine communications can be readily 
maintained up to 100-150 miles. It will be evident from Fig. 2 that no 
horizontally polarized ground wave is set up, since horizontal aerials 
and their images produce equal and opposite fields along the surface of 

the earth. 
Propagation by Sky Wave 

That part of the wave which leaves the transmitting aerial at an angle 
above horizontal—the " sky wave "—varies as the inverse of the 
distance travelled until it enters the lower regions of the ionosphere. 
As it penetrates farther into these regions, the wave is also refracted and, 
under certain conditions, is bent sufficiently to return to the earth's sur-
face at a distance related to its angle of departure and the height of the 
ionized region concerned. If this distance is within ground-wave range 
of the transmitter (Fig. 2), the field there will have two componénts 
which may differ in amplitude and phase. Slight variations in the 
height of the ionized layer will alter the sky-path length, and therefore 
the reladve phase of the sky-wave component, causing equivalent 
changes in the magnitude of the resultant signal. This is the well-known 
effect of" fading ". Fading of this form can put limit to the service of 
medium-frequency broadcasting stations, and every effort is made in 
the aerial design to reduce the strength of the sky wave. On the other 
hand, it is the return of high-frequency sky waves to earth far beyond 
the range of the ground wave that makes possible communication to all 
parts of the globe. The study of the propagation of radio waves over 
long distances has shown that radiation from the sun acting on atmo-
spheric gases of varying density gives rise to ionized layers at heights 
between 50 and 500 km. above the. earth. This region is called the 
" Ionosphere" 
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The Ionosphere 

Each one of the rather ill-defined ionized lavers has certain dominant 
characteristics in reflecting or refracting radio ;vaves, which are exploited 
for long-distance communication. In the lowest region, at a height of 
between 75 and 95 km., the atmospheric gases are relatively dense, 
and are ionized where the sun's radiation strikes them, but de-ionize 
rapidly after sunset. It is sometimes called the " D " layer, and exists 
during daylight hours only, travelling round the globe with the sun. 
It is mainly an attenuating region in which the degree of attenuation at 
frequencies below 2,000 Mc /s is nearly constant, and sufficient to 
absorb most of the skyward radiation from medium-frequency aerials. 
Hence there is little fading on medium freqúencies during daylight 
hours in the summer. At a height of about 110 km. the conditions of 
gas density and ionization change to form the " E " layer, which absorbs 
little energy from an incident wave. The wave penetrates the layer by 
an amount dependent on frequency, , higher frequencies penetrating 
farthest, and is progressively refracted until it emerges. The terms 
:` refraction" and " reflection " are practically interchangeable in this 
connection, and the " effective height" of the layer is that of the 
equivalent reflecting surface. Thus, at normal incidence, a wave 
penetrates to the effective height and i then reflected back along the 
same path. The highest frequency which is reflected at normal 
incidence is termed the " Critical Frequency ". The " E " laYer is also 
produced directly by the sun's radiation and tends to disappear during 
night-time. The critical frequency rises with the ionization intensity 
towards local noon, reaching a maximum of about 3.7 Mc/s during the 
summer, but falls rapidly after sunset. Medium-frequency fading 
occurs during the hours of darkness, since the sky wave is no longer 
absorbed by the day-time " D " layer, but is reflected from the weak 
residual ionization of the " E " layer and from higher layers. 
Another region of ionization occurs between 200 and 400 km. above 

earth having a critical frequency between 3 and 12 Mc/s and generally 
known as the " F " layer. During the day it splits into two, a lower 
" Ft " and an upper " F, " layer. " Fs " has the higher critical fre-
quency, and is the controlling layer for long-distance communication 
with its critical frequency (f.) determining the maximum usable fre-
quency for the path. An incident wave striking the layer at an angle à 
to the normal is reflected if its frequency is less than sec à. Since 

F2 LAYER 

VERTICAL INCIDENCE" 
SERVICE AREA 

"F; REFLECTED 
WAVE 
1 —HOP —F2 

FIG. 4.—HIGH -FREQIIENC I' SKY WAVES. 
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FIG. 5.—OPTIMUM DEPARTURE ANGLES 
POR VARIOUS PATH LENGTHS. 
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the world, and records of layer 
heights, critical frequencies and their periodic variations are plotted at 
a number of stations. By this means, accurate forecasts of the O.W.F. 
for any path at any time of the day can be made: see Section 44. 

In the design of aerials where it is desired to make best use of the 
0.W.F., the angle of departure is most important. Fig. 4 shows how 
this angle determines the distance at which the wave will return to 
earth for the first time. Over even a short period, however, owing to 
irregularities in the surface and height of the reflecting layer, the wave 
actually follows a number of slightly different paths, with the result that 
the " best angle" becomes a small range of angles. The best mean angle 
for various distances up to 4,000 km. is shown in Fig. 5. Over longer 
paths, the mode Cif • transmission is by no means certain, and results 
sometimes indicate that a series of geometric hops is followed, et others 
that the energy travels betwcen two layers. 

It is, however, well established that the transmitted energy should be 
concentrated in the low angles of elevation, although the vertical radia-
tion pattern of the array should not be too sharp: ± 5° to the half. 
power points is suitable. For. similar reasons, the maximum usable 
frequency is selected from a consideration of only two reflection points 
for long paths; one at 2,000 km. from the transmitter, and the other at 
2,000 km. from the receiver, both points being along the great-circk 
path between the transmitter and the receiver. For consistent propaga-
tion the M.U.F. rarely exceeds 26 Me/s, though the London television 
signals on 45 Mcis were regularly received in South Africa during the 
summer of 1950—a period of intense sunspot activity. In the very-
high-frequency . range of 30-300 Mcis reliable propagation approximates 
to that of the direct space wave. 

Propagation by Very High Frequencies 

Aerials designed to work in this range of frequencies can, because of 
their relatively small dimensions, be placed many wavelengths above 
the ground, and wave propagation is alone the line between transmitter 
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and receiver, partly direct and partly from a ground reflection, as will 
be seen from Fig. 6. Beyond the direct " line of sight ' , reception is 
still possible because : • 

(a) the wave is bent in passing through the atmosplie..e by virtue 
of a change of refractive index with height; and 

(b) diffraction occurs at the surface of the earth after the manner 
of light waves passing over an edge. 

Effect (a) can be allowed for by assuming the radius of the earth to be 
greater' by a factor 1.33. than the physical radius and (b) by the uso of 
optical diffraction formulic. Diffraction patterns can also be set up by 
obstacles such as ranges of hills, and wide variations of field strength in 
the neighbourhood of these are to be expected. At points within the 
radio horizon of a transmitting aerial (that is, the horizon when the 
earth's radius is 1.33 times the physical radius) the field strength given 
by a single dipole is 

hth, 
E = 285./P. — mV/metre . Ad2 • (2) 

where P = radiated power in kilowatts; 
hat, = height of transmitting and receiving aerials in metres; 

d = the distance from the transmitting aerial in kilometres; 
A = the wavelength in metres. 

This is approximately correct for both horizontally and vertically 
polarized waves, and shows the importance of aerial height on the field 
at the receiver. The relationship between the received field strength 
and the height of either aerial is often called the " height gain factor " 
at the site, and may vary from place to place. It is sometimes negative 
for sites in hilly country due to abnormal ground reflections. 

MEDIUM-FREQUENCY AERIALS 

Tho ground wave set up by a vertical aerial follows the earth's 
curvature in travelling outwards from the transmitter, and, on medium 
frequencies, the losses along the path are sufficiently small for a useful 
amount of energy to be conveyed up to about 100 miles and frequently 
beyond this distance. This relatively low path attenuation, and the 
simplicity of the transmitting apparatus, led to the adoption of medium 
frequencies for the first broadcasting services. The aerials were also 



TRANSMITTING AERIALS I I-9 

simple in form, but, with the growth of broadcasting, more and more 
attention was given to their design in order to concentrate the energy 
into the horizontal plane. This was necessary, since above 3° the 
radiation travels wholly skywa.da and is lost. Other services adopted 
medium frequencies for similar reasons: e.g., marine communications 
where the transmitter is moving and the bearing of the fixed receiver 
may vary over 360° in azimuth, navigational aids and low-power mobile 
services generally: In certain special circumstances the sky wave is 
used, but the great majority of aerial-design problems are concerned 
with the production of a vertically polarized ground wave. 

The Field Strength from a Vertical Aerial 

At a distant point the ground-wave field strefigth is related to 

(a) the current flowing in each point of the aerial; 
(b) the height of the current above the ground plane; 
(c) the physical constants of the ground between the transmitter 

and receiver. 

The aerial designer can determine (a) and (b), but obviously has little 
control of (c). 
At a. distance of D km from a vertical aerial of electrical height H 

radians above a perfect earth, the field strength E is given by 

601 E = --9 (1 — cos H) mV/metre (3) 

when the current is assumed to be sinuosoidally distributed over the 
length of the aerial and has the value Io amperes at a point which is ire 
radians from the open end remote from the feed point (see Fig. 8). 
The feed current If is then, 4 cos (H — ire), i.e., 4 sin H. 
The aerial will have a resistance .R, to account for the power P 
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radiated such that R, = PII.2 ohms, where P is measured in watts. 
If losses are sufficiently small to be neglected, a power of 1 kW will give 
rise to a field strength 

E =  1900  . ( 1 — cos H) mV/metre . (4) 
R,D 

a value which Is very nearly constant for all values of H up to rr/2 and 
equal to 315 rnV /metre at a distance of 1 km•for 1 kW input power. 

Measurement of Ground-wave Field Strength 

The ground-wave .field strength of a transmitting aerial is measured 
at a distance of between five and ten wavelengths in a number of direc-
tions and the mean value calculated for the standard distance of 1 km 
by multiplying each reading by the factor obtained by dividing the 
actual distance by the standard distancés. This makes the justifiable 
assumption that field strength varies inversely with distance, since, for 
the short distance considered, the attenuation along the ground can be 
neglected. The ratio of the square of this mean value to the square of 
the field strength, given by equation (4) for the aerial is the radiation 
efficiency. 
To take account of losses (power absorbed but not radiated) in the 

aerial system, equation (4) is modified to: 

19001/P 
E — x ( 1 — cos H) mV /metre 

s' (R, R.)D 

R. being the equivalent losa resistance at the point where f is flowing and 
P the input power in kW. Fig. 7 shows how seriously losses reduce the 
efficiency of a short vertical aerial, but, as is shown later, it can be 
improved by increasing H, without actually increasing the height in 
feet, by the addition of a non-radiating capacitance top. 

(5) 

Radiation Resistance and Feed Point Impedance 

As for all circuits whose dimensions are comparable with the wave-
length of the exciting voltage, an aerial has distributed inductance, 
capacitance arid resistance, but when the inductance is very much 
greater than the resistance per unit length, the current along the 
radiating portion varies sinuosoidally and the radiation resistance is 
assumed to be lumped at the position of maximum current. When the 
aerial is less than a quarter of a wavelength long, the maximum value of 
the sine wave distribution of current does not actually occur on the 
aerial, and it is more realistic to consider the radiation resistance as 
being located at the feed point where the current --- sin H x I.. 
Calling the resistance Ri, we have 

r,  
r(= • —, (sin H)2 

and for very short aerials 

Rj= 4Otan2 = 10H° 
2 

• (6) 

• ( 7) 
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For longer aerials, the calculation of radiation resistance becomes 
somewhat lengthy, but it has been carried out by a number of workers. 
The curves shown in Fig. 9 have been plotted using values of radiation 
resistance quoted by W. L. McPherson in Electrical Communication, 
1938. When these are used to find the field strength from equation (4) 
it must be remembered that the electrical length H =- 27r(h b)/A, 
h being the height of the vertical portion of the aerial, and b the 
equivalent length of the top capacitance as given by equation ( 10). 

In appreximate calculations a vertical aerial can be regarded as a 
lossless transmission line with a length of H radians and characteristic 

impedance Z, = VFL"'n on which is a standing wave of current 
Zo 

" -„ and the food point or input impedance is then 
Le, 

Z "=. Rf iZo COt H . • (8) 

The inductance L and capacitance C per unit length of the aerial can be 
found from published formulie ( for instance, Bureau of Standards 
Circular 74, pp. 237-243) and the characteristic impedance derived as 
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above, but the following list will be found of general application. From 
these values and the value of R, taken from Fig. 9 

a -1-jtan H 
Z/ = ja tan H • (9) 

Zo 

The characteristic impedance of some simple forms of aerials is given 
below: 

Form of Aerial 
Single wire 0.25 in. diameter . . 
Two wires spaced 2 per cent of length . 
Two wires spaced 5 per cent of length . 
100-ft..stayed mast, 6-9 in. diameter . 
Mast radiator of constant cross-section 
(average) . . . 

Masts generally . 

Value of Z, ohms 
550-600 

420 
370 

320-310 

245 
Height 

Z, = 60(10g. Radius 1) 

Top Loaded Aerials 

Fig. 7 shows that the radiation efficiency of short aerials is greatly 
reduced by the unavoidable resistance, R., of the earth connection, 
coupling circuits, etc., becoming comparable- with the radiation resist. 
ance R,. Capacitance loading can be added to the top of an aerial in 
the form of horizontal wires, to increase the total electrical length H, 
and thus the value of R1, without the need of higher masts. The top 
wires must be arranged so that the radiation from them is small by 
making them in the form of a T or like the spokes of a wheel. In Fig. 8 
the arms of a T aerial are shown A radians long and have a character-
istic impedance 20' and the aerial is electrically lengthene4 by fi radians 
where 

E175 
«di 
-150 

75 
3 

2 50 

Z, cot 13 --- 0-5 Z,' cot A . . . (10) 
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Z„ being the characteristic impedance of the vertical conductors. The 
improvement in the efficiency of an aerial 0-125 wavelengths high as the 
top capacitance is increased is shown by Fig. 10. The, voltage at the 
ends are top-loaded aerial is higher, for the same input power, than on 
the equivalent straight vertical aerial, for by reference to Fig. R 

Voltage at A = VP. R, = V. 

Voltage at B = V„,[sin /3 — j Ze cos /31 

Zoi  = VP. Nip?, sin2 p ± cos2el 

At the ends C the voltage is that at the end of an open-circuited line 
of length _X ( not /3) for an input voltage of VD, 

Voltage at C = Vb sec 

It is usual to limit the maximum voltage on a low aerial to 20 kV 
r.m.s. ( 10-kV r.m.s. carrier when amplitude modulated) in order to ease 
the problem of insulation. It will be seen that some control of the 
voltage is obtained by the choice of .Z, and Z.'. 
The band-width of short aerials with large-capacitance tops must be 

investigated by calculating the field strength at the frequencies of the 
outer sidebands of a modulated carrier.. Compared with the value at 
the carrier frequency it should not change by more than 1 db. 

Vertical Radiation Patterns 

The general expression for the field strength in the vertical plane and 
in a direction making an angle O to the aerial is 

E 1900 /  p  reos(H cos 0) — cos Hj . (10) D R, R. L sin 0 

which reduces to equation (5) when O = 90°. 
Examples of the vertical patterns given by aerials of various heights 

are shown in Fig. 11, from which it will be noted that high-angle radia-
tion is reduced relatively to the ground wave (0 = 90°) as the aerial 
height increases. This effect is important in the design of anti-fading 
aerials. 

Anti-fading Aerials 

As will be seen from Fig. 11, aerials over 0.5 wavelengths in height 
radiate less sky wave than shorter ones, and the power is concentrated 
nearer the horizontal plane. Interference at distances where the 
ground wave is attenuated becomes less, and such aerials have " anti-
fading " properties. The angie at which the sky wave is a minimum, 
00 can be chosen to make the service area of the ground wave a maximum 
by controlling the height of the aerial; the optimum angle will depend 
on the conductivity of the ground, the frequency and the height of the 
layer which reflects the sky wave. An anti-fading aerial is therefore 
designed for a particular set of conditions, and one design will not 
necessarily apply to other sites. The optimum value for O. when the 
ground conductivity is of average value is shown in Fig. 12, and will be 
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seen to lie between 25° and 42° to the vertical for the common bread. 
casting wavelengths. Interference from adjacent-channel transmissions 
and man-made static usually reduces the ground-wave service area to 
the 5 mIrimetre contour, so that transmitter powers of over 25 kW 
are necessary to serve over 50 miles, and anti-fading aerials can do little 
to enlarge the service area of low-power installations. 
The sharp minima in the vertical radiation patterns shown in Fig. II 

are not realized in practice for a number of reasons, of which the most 
important is the effect of non-sinuosoidal current distribution along the 
aerial when its diameter is not negligible. A closer approximation 
to the actual distribution is obtained by considering the current to be 

FIG. 13.—A, MODERN ANTI-FADINU MAST RADIATOR. 

The lattice-steel mast radiator for the B.B.C. Third Programme 
station at Daventry. Height 725 ft. Held vertical by three sets of stays 
attached at heights of 210 ft. (not shown), 420 and 640 It. The mast is 
poised on an insulator capable of withstanding 100,000 volts. 460 ft. 
above the base the mast is divided by another similar insulator. The 
mast is fed at this point through a twelve-wire transmission line inside 
the structure. 

(B.B.C.)* 
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the sum of two components, one smuosoidal, the primary current, and 
the other a linearly distributed feed current maintaining the primary 
and in quadrature with it. The feed current contributes only a small 
fraction of the total field in the horizontal direction, but at the angle 
for which the primary current field is zero (8,) the feed-current field 
still exists, and so tends to " fill in" the minimum as shown in Fig. 
11, curve (a). This effect can be reduced by: 

(a) using a very thin wire, i.e., a high value for Zo, as the radiator 
to reduce the magnitude of the feed current; 

(b) feeding the aerial at the current loop; 
(c) feeding at the current loop and at the bare in such a manner 

that a reverse feed current is set up. 

The ground conductivity must be taken into account in (c), and to 
eliminate small changes due to variations in the moisture content an 
extensive earth system is required. The minimum can also be spoilt 
by re-radiation from nearby conductors: for this reason, masts and the 
like should not be erected within a radius of two to three wavelengths 
from an anti-fading aerial. A modern anti-fading mast radiator is 
illustrated in Fig. 13. 

TABLE I.—TYPICAL MEDIUM-FREQUENCY TRANSMITTING 
INSTALLATIONS 

Service 
Area 

Radius * 
(miles) 

Type of Height of 
Aerial Masts 

(ft.) 

Earth 
System 

Less than T or L 30-50 
5 

Up to 10 T or L 50-100 

Up to 25 T or mast 100-200 
radiator 

Up to 50 T or mast 2507500 
radiator 

100 Anti- , 500 or 
fading 0-6A 

Buried plates 
2 x 2 ft. 
12 radials 

0.05A 
36 radials 

0.25A 
72 radials 
0.25-0.5A 

144 radials 
0.5A 

Trans-
Aerial mitter 

Efficiency Power 
(%) (kW) 

20-30 

40-50 

50-70 

70-90 

0-1 

05 

5.0 

25 

Over 90 I Over 150 

* To 5 mV/metre contour approximately, frequency 1 000 kcfs, average soil. 

Earth Systems 

The cost of an earth system includes the buried wire, the land, 
fencing and upkeep. Economics demands that the additional cost of 
an extensive system be considered in relation to the improvement in 
service area it is expected to give. Generally speaking, extensive 
systems can be justified only for high-power transmitters using anti-
fading aerials in order to achieve the greatest pnssible sky-wave reduc-
tion and high radiation efficiencies. The radial wires should then extend 
at least 0.5 wavelengths from the base of the aerial, but for low-power 
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installations a radius of 0.05 wavelengths is sufficient if land is expensive. 
Table 1 provides a rough guide for the selection of an earth system. 

Soft copper wires, not smaller than 0-08 in. dia., can be laid 2 ft. 
deep by means of a mole plough if the soil is reasonably free from large 
stones, so allowing the site to be cultivated for most crops. The radial 
wires should be brazed to a sheet or strip of copper laid near to the base 
of the aerial and to which all earth connections from the coupling 
'circuits should be made. At high-power installations this central 
connection is usually a mesh df wires some 20 ft. square immediately 
under the aerial and, in the case of a mast radiator, is taken over the 
concrete foundation block and connected to the foundation bolts and 
other " dead " metalwork. Enclosures housing coupling circuits should 
be completely screened with wire netting bonded to the mesh at frequent 
intervals; it is often convenient to provide such buildings with copper 
damp courses to act as the common link between internal earths, 
screens and the main buried system. When a restricted earth system 
is used, it is essential either to connect all nearby metalwork to it or to 
ensure that this is well clear of wires carrying radio-frequency currents. 
High losses can occur in such objects as fencing wires if they run close 
to a low aerial. 

Construction 

A range of tubular steel and lattice masts. 50-150 ft. high and capable 
of taking horizontal head loads up to 1,000 lb. is available for supporting 
T and L aerials. Guys should be sectionalized into lengths not exceed-
ing 0.1 wavelengths with " egg " insulators, one insulator being close 
to the mast and another close to the bottom of the guy, with the metal-
work below the latter connected to the earth system. It is usually 
best to have all steelwork hot-dip galvanized to reduce maintenance 
costs, screw-threaded parts being thoroughly greased and protected 
from the weather. The steel-wire rope halyards supporting the aerial 
must be anchored at a distance from the base sufficient to prevent them' 
touching the mast when whipping in the wind, and one should be 
connected to a counterbalance weight some 10 per cent less than the 
maximum permissible mast-head tension. Sufficient travel should be 
allowed to relieve the tension when the aerial becomes heavily coated 
with ice. 

Stranded cadmium-copper conductors-7,'0•064 in. is suitable— 
spaced 3-4 ft. apart and insulated at the ends by two porcelain rod 
insulators are adequate for simple aerials, provided the maximum 
voltage set up at the ends of the aerial is kept below 20 kV r.m.s. 
Mast radiators of constant cross-section are now tending to replace 

self-supporting and guyed cigar-shaped structures, .particularly when 
anti-fading characteristics are required. When power is fed in at the 
current loop an insulator is inserted at that point and a transmission 
line is run through the lower portion of the mast with the outer con-
ductors bonded at regular intervals to the steelwork, and the inner 
conductors taken to the upper portion of the mast immediately above 
the insulator. This, and the base insulator, may need to be fitted with 
corona rings and rainshields to prevent discharges during periods of 
heavy rain. A triangular section is usually chosen for mast radiators, 
as this requires less steel and fewer guys and guy insulators, with a 
consequent saving in the total cost. 
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Directional Aerials 

When the service areas of two transmitters operating on adjacent 
frequency channels overlap, mutual interference can be reduced by 
suitably shaping the horizontal radiation patterns of their aerial 
systems. Two or more vertical radiators can be spaced apart and fed 
with currents of different magnitudes and phases to produce a variety of 
non-uniform diagrams, some of which are shown in Fig. 14. A cardioid, 
or heart-shaped, pattern is easily obtained, and is especially useful for 
preventing radiation in a direction 180° from that required. The 
principles outlined for the calculation of the diagrams of high-frequency 
directional aerials can be applied to the medium-frequency case. It is 
possible to use vertical aerials shorter than 0.25 wavelengths in direc-
tional systems, but the resulting pattern is liable to some fluctuation, 
caused by changes in the individual currents, particularly of their' 
relative phase, arising from the effect of climatic conditions on insulators 
and the ground conductivity. 

Medium-frequency Transmission Lines 

Co-axial cables, either buried directly or protected by earthenware 
pipes, are generally the most economical form of transmission line for 
low-power medium-frequency installations and, coiled up, are a con-
venient means of adjusting the current phase in directional aerial 
systems. Rigid copper-tube lines may occasionally be justified, even 
though they are considerably more expensive than the unbalanced 
open-wire form, which is often chosen for powers in excess of 50 kW. An 
open-wire line can be designed with low insulator and copper losses and, 
provided the outer conductor wires form an efficient, shield round the 
inner conductor, the induced earth currents, and hence the total 
attenuation, will be small. Four outer wires symmetrically disposed 
on an 18- in.-diameter circle around one or two inner wires, and sup-
ported in spans of about 100 ft. by 12-ft.-high light-steel frames provide 
a cheap and reasonably efficient means of conveying powers up to 
100 kW. A more efficient line has been built to feed the mast radiator, 
Fig. 13, which is sited 7,500 ft. from its transmitter, consisting of No. 6 
gauge copper conductors arranged as shown in Fig. 15 and supported 
20 ft. above ground on steel beam sections. This has an efficiency of 
93 per cent at 1,000 keis, and will carry 250 kW. Table 2 gives the 
characteristics of a number of commonly. used transmission lines. 

d [log. n 
Z. = 276 log,, — 

2h log. 
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TABLE 2.—TRANSMISSION LINES FOR MEDIUM-FREQUENCY USE 

Form of Line 
Character- 
istic 1m- 
pedance 
(ohms) 

Approx. 
Maximum 
Power' 
kW 

(1,000 
kiss) 

A PP..'"el. 
mate Loss 
db /100 ft.' 

(1 000 ,  
kois) 

Length in 
Feet for 

90 per cent 
Efficiency 
(1,000 
kcls) 

Cablesolid polythene di-
electric, 1 in. O.D. 50-80 16-24 0-08 550 

Cable—semi air-spaced, 
14 in. O.D. . . 75 40 • 0-023 2,000 

Copper tube, 5 in. O.D. . 78 150 0-01 4,500 

Open wire : 
5 wires, No. 6 gauge . . 310 100 0-02 2,250 
6 wires, No. 6 gauge . 230 150 0-015 3,000 
12 wires, No. 6 gauge . 220 Over 250 0-005 9,000 

The mechanical construction of medium-frequency transmission lines 
of the open-wire type closely follows power-frequency practice for 
secondary distribution, except that: 

• 
(a) conductor wires being closer together, shorter spans are 

necessary to preserve the spacing; 
(b) low-capacitance-rod insulators are used; 
(c) jumpers must preserve the characteristic impedance of the 

line; 
(d) particular care is taken to earth all outer conductors by a low-

impedance connection at each support. 

Coupling into Vertical Aerials 

Power may be fed into a vertical aerial by any of the following 
methods: 

(1) At the base (this is the simplest method). 
(2) At the top, i.e., between the capacitance loading and the 

vertical portion, in order to achieve a slight gain in forward field 
on short aerials'. Due to mechanical complications it is rarely 
adopted. 

(3) By a shunt connection 0-05-0.1 wavelengths from the base. 
No base insulation is necessary—a great advantage in regions 

subject to severe electrical storms. The feed connection should 
be at an angle not less than 30° to the radiator. The method is not 
recommended for anti-fading radiators. 

(4) At. the centre of a half-wave radiator. This reduces the 
effect of the feed current on the vertical radiation pattern. 

(5) At the centre and base. This is a special method used for 
anti-fading radiators. 

The transmitter-aerial system forms a" generator and load " arrange-
ment requiring the usual equivalence of impedances for maximum 



TRANSMITTING AERIALS I I-2I 

power transfer, and it follows that the transmission line must be 
impedance matched to both ends by impedance transforming networks. 
When unbalanced lines are used to feed vertical aerials unbalanced 
balanced transformers are unnecessary and coupling circuits simplified. 
In many cases an inductance in series and a parallel capacitor forming 
an L section is sufficient, the values being chosen so that by the addition 
of one element the aerial impedance has either a series or parallel 
resistive term equal to the characteristic impedance of the transmission 
line; the second element is then added to cancel the reactive term. The 
conversion is readily computed from the equivalent expressions, series 
and parallel, for an impedance, 

R, + jX, = R, = R.(1 + Q2) . . (11) 

X, = X, (1 —1 Q2) . . (12) 

Q = 

Whenever possible the capacitance is put in parallel with the aerial 
to provide a low-impedance path to earth for currents at harmonic 
frequencies, but more complicated band-pass circuits may be necessary 
in some cases. 

Common Aerial Operation 

Transmitters on a number of different frequencies can be fed into a 
common aerial by the use of rejectors, consisting of parallel-tuned 
circuits, to prevent interaction in the output circuits. Each rejector 
has to pass a current at the frequency of the transmitter to which it is 
connected in addition to a circulating current of the frequency to which 
it is tuned. When the difference between the passed and rejected 
frequencies is small, the total current in the elements of the rejector 
circuit is many times greater than the passed current, for if 

Pass frequency = = Fp and the Q of the rejector is greater 
Rejector frequency F, than 50, 

—P-- I 
(13) 

n n 

Current in capacitative element — x n . (14) 
on frequency F, n — n-1 

Current in inductive element on — 
frequency F, 

All eircuits should be well screened to prevent coupling between them 
and the aerial or transmitter; a distance of at least one diameter should 
be allowed between inductance coils and the screen. The inductance 
of all connections should be negligible in relation to the circuit values. 
Thero should always be a D.C. path between the aerial and earth so that 
static charges cannot build up. A quarter-wave-length of No. 18 gauge 
wire wound on to a 2-3-in.-diameter former and connected directly 
between aerial terminal and ground is quite suitable if no other path 
exists. A horn or ball gap should he fitted teetween the lowest part of 
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the aerial and ground and adjusted so that it will flash over at a voltage 
which is about 20-50 per cent greater than the maximum working peak 
voltage. The setting can usually be obtained with sufficient accuracy 
by adjuating the gap to flash over at 100 per cent modulation and then 
increasing the spacing by 50 per cent. 

Siting Medium-frequency Aerials 

The. most important features of a good site are: 

(a) good ground conductivity up to 5-10 wavelengths of the 
aerial; 

(b) an elevation which is approximately equal to the average 
elevation of the service area and free from pronounced undulations; 

(c) proximity to the centre of the service area; 
(d) freedom from tall buildings and overhead power lines; . 
(e) good accesqibility to all services, power, telephone, water, 

roads, etc. 

The relative importance of these features will depend on the power to 
be radiated. For low-power installations (e) may be rated before (a), 
while (c) is essential. As the power to be radiated increases, the ground 
constants become more important, and anti-fading mast radiators 
should be sited so that (a) and (b) are achieved. 

HIGH-FREQUENCY AERIALS 

Th ii high-frequency range extends from 3,000 to 30,000 kc/s, and its 
main use is for transmission to territories 500-10,000 miles distant by 
employing the sky wave, bent or reflected by the ionosphere. In 
zones of high noise level which occur throughout the tropics, frequencies 
between 2,500 and 7,000 Ice /s are used for local broadcasting; the sky 
wave being radiated at high angles of elevation so that it is reflected 
back to ground over an area surrounding the transmitting site. 

Obviously, the angle at which the wave strikes the reflecting layer 
determines at what distance it will again strike the ground, and this 
incident angle will be largely determined by the angle of departure 
from the aerial. The vertical radiation pattern of the aerial is therefore 
of first importance, and the maximum amount of energy must be con-
centrated about the best angle for the distance over which transmission 
is required. Further, the distant reception area will subtend a relatively 
small angle in azimuth at the transmitter, so that the radiation can also 
be confined in the horizontal direction. The effective power in the 
direction required can therefore be much greater, for the same power 
input to the aerial, than in the case of a medium-frequency transmitter 
radiating equally in all horizontal directions. The ratio 

Power per unit solid angle in favoured direction  
Average power per unit solid angle 

is an important parameter of the aerial, and is know.n as its directivity, or 
power gain over an isotropic source. 
The field strength produced by an aerial at a distant point is propor. 
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tional to the square root of. the power fed into it, and inversnly pro-
portional to the distance, so that the factor E . DIV (kW) will serve to 
compare aerials; in the direction of maximum-field strength it is 
related to the directivity by: 

1  
d = Directivity -= (E. . D)' X 

3 x 104 

E. being the maximum field strength in millivolts/metre and D the 
distance in kilometres. 
The gain in the direction of maximum field strength is defined as 

10 logiod db above that of a source radiating equally in all directions 
through a sphere ( isotropic source). The field strength produced by a 
single half-wavelength dipole in free space, i.e., when far above ground, 
is not, of course, uniform through the sphere surrounding it, but is 
maximum in the plane passing through the centre of the dipole at right 
angles, and is given by 

601,ID mV/metre 

being the current at the centre in amperes and D the distance in 
kilometres. An array of many dipoles will, in some direction, produce a 
maximum field strength, say K times that of a single dipole carrying the 
same current at its centre as each dipole in the array, and the radiation 
resistance of the array will be : 

R Total input power 
, — 

(Dipole c urren t)' 

60K i,%/1,000 
then = D  R for a radiated power of. one kilowatt. 

, 

1,900K 
. D/.,/kW — — 

The calculation of K and R, involves considerable labour for com-
plicated arrays, K being derived from vector addition of the individual 
field strengths, and R, from the self and mutual impedances of the 
dipoles. 
The incident field strength at the receiver depends upon the direc-

tivity and power fed into the aerial, and the length of the path traversed 
between ground and ionosphere. In addition, the following factors 
must be taken into account: 

(1) Absorption in Ionosphere.—Derived from charts prepared 
from world-wide observations (see Circular No. 462 of National 
Bureau of Standards, U.S.A.). 

(2) Interference between waves which have traversed slightly 
different and variable paths.—Reduces median field strength by a 
factor 0.83 ( — 1.6 db). (The median field strength is that value 
which is exceeded for 50 par cent of the time.) 

(3) Random changes in polarizatiort of the wave.—Reduces median 
field strength by a factor 0.7 ( — 3 db). 

(4) A Ground-reflection loss when path is by more than one hop.— 
A factor of 0.63 allowed for each reflection from the ground. 
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FIO. 16.—DERIVATION OF VERTICAL RADIATION PATTERNS. 

The Calculation of Radiation Diagrams 

The array factor K is derived in the following manner. Fig. 16 
shows two radiating sources A and B, spaced a distance 2L apart, each 
having a radiation pattern in the plane of the paper which is given by 
E = F(s). The sources carry equal currents differing in phase by a'. 
At a distance D very much greater than L the instantaneous field 
strength, at a point bearing à° to the perpendicular to AB, due to 
source A is 

F(41) . cos [(cut —;) — (D — L sin .1)1 (19) 

and duo to B 

F(A) . cos [(oit in. (D + L sin Al . (20) 

the resultant field hav;ng a magnitude 

F(à) . 2 cos t/i/2 . . (21) 

where 7 a — -Pf . 2L sin à. 

Thus A and B can be replaced by a source located centrally between 
them and having a radiation diagram 2F(à) cos (1/1/2). Two such 
sources spaced 2H apart and carrying currents differing in phase 
by fi will similarly be equivalent to one with a radiation diagram, 
F(à) . 2 cos (/2) x 2 cos (e/2) where --- fi — 2/r/A x 2H sin à = F(à). K 
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when the primary sources are half-wave dipoles for which, as shown 
1 

above, F(A) = constant —  ,900 mV/metre at unit distance and 1 kW 

v input 
The radiation diagram of any number of sources can be derived in 

this manner: i.e.. by multiplying the diagram of one by an " array 
factor ". Similarly, the effect of the ground can be taken into account 
by considering the image of the array as carrying an equal current 
differing in phase by IT radians. If A and B are the aerial elements 
carrying equal co-phased currents and C and D are their images, a -= 0, 
fi = IT, and the diagram of the array AB, when placed with its centre at 
a height H above ground, will be 

27r 07 
E = F(à) . 2 cos (— L sin A) x 2 sin ( Tr— H sin A). (22) 

A A 

The second factor is called the Ground Reflection Factor R,r, when, as is 
the case for horizontal polarization, the ground can be assumed to 
have a reflection coefficient p equal to 1 and a phase-change angle cc 
equal to n. In other eases. 

R = / (1 — p)2 + 4p cos2 — À11. H sin A) (23) 

Now consider four co-phased radiators spaced half a wavelength apart 
in free space, 

2L== and 2H = A 

E = F(A). 4 {cos ( 727 sin A) x cos (n sin A)] 

sin (4 e-15 sin A) 
F(A) . 

sin 7 sill A ) 
2 

The general expression for .3/ such radiators placed with their centre 
point at a height H above a perfect earth can be derived in a similar 
manner and will be found to be 

E = F(à)[sin (M ; sin 
. 2 sin (;-! H sin A) . (25) 

Sin(sin) 

= F(à) x K 

In the case of a horizontal dipole-F (A) is constant in the plane normal to 
the dipole and passing through its centre point. In planes containing 
the dipole the field strength is a function of the angle 8 between the 
dipole and the direction considered given by 

. (24) 

In 
cos l sin 0) 

F(9) = cosO 
. (26) 
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The product of (25) and (26) then gives the field strength in any direction 
defined by à and 8 from the array. 
The total radiation resistance of an array, such as Fig. 17, of M 

horizontal dipoles carrying co-phased equal currents is the sum of their 
individual resistances, as modified by the presence of the other dipoles. 
If mutual resistance is denoted by terms of the form R,,„, the radia. 
tion resistance of No. 1 dipole in the presence of the others and the 
images in the ground will be R, R1, -I- R 13 . . . . . . R 1 of 

and of No. 2 dipole R, -FR„ R 34 . . . . . . R 2 23/ 

A negative value must be given to the mutual-resistance terms due to 
the images, for they carry reversed currents. Adding the individual 
radiation resistances so derived gives that of the whole array, 

= Raso.0 Rau,. s) + • • • • • • RENO. 1) 

Mutual resistance values are tabulated in Table 3, and a full range will 
be found in the original paper by Pistolkors.(Proc. I.R.E., V-01, 17, 
March 1929). The dipole resistances are clearly not equal but, by end 

TABLE 3.—MUTUAL RESISTANCE 

Spacing in 
Line of 

Elements, d 
(iVavelengtlis) 

Spacing Perpendicular to Elements, h ( Wavelengths) 

0 0-5 1-0 1-5 2-0 2-5 

0 +73-3 — 12-3 +4-1 — 1-8 +1.2 —0.75 
0.5 +26-4 — 11-1 + 8•9 —5-7 + 3-8 —2-8 
1.0 — 4-1 — 0.8 +3-6 —.6-3 +6-0 —5-7 
1.5 + 1•8 + 0-8 —2•9 +2•0 +0•2 —2•4 
2.0 — 1.0 — 1-0 +1•1 +0-6 — 2-6 +2•7 
2.5 + 0.6 + 0-4 —0-4 —1-0 + 1-6 —0-3 

d—.1 

9  
7 

t3 14 Is  

«•-•11.. 

Flo. 17.—RADIATION RESISTANCE OP DIPOLE ARRAYS 
(h AND d As IN TABLE 3). 
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feeding, its shown in Fig. 17, the currents will be equal, provided the 
characteristic impedance all dipoles are of similar construction. How-
ever, the radiation pattern is changed very little, even when the currents 
differ considerably, particularly for large arrays. 

Practical Aerial Arrays 

The following terms of aerial are in general use on high-frequency 
services : 

(a) Local Broadcasting, 0-200 miles, in zones of high noise 
level.—Broadside arrays of dipoles in the horizontal plane 0.15— 
(1.3 wavelengths above ground, radiating upwards between 90° 
and 60° to the horizontal. 

Fie. 18.—B.B.C. AERIAL ARRAY, DAVENTRY. 

Three aerials, each with a reflector, suspended between two masts. Each aerial is« 
tin form 11.1t. 4/4/1.0. 

(/.E.E. Journal) 
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(b) For Broadcasting and General Communications up to 500 
miles.-Broadside arrays of two tiers of half-wave elements in the 
vertical plane, the lowest being 0.3-0.5 wavelengths above ground, 
see Table 4. 

(c) For Broadcasting and Point-to-point Services over 500 miles.-
Broadside arrays of eight to sixteen dipoles arranged in tiers of 
four with reflector curtain, height above ground of lowest dipole 
0.5-0.8 wavelength. End-fire arrays of half-wave dipoles spaced 
0.25 wavelengths. Rhombic aerials. Stacked rhombics. Verti-
cally polarized " Franklin " arrays. 

Of the above types, the broadside array as shown in Fig. 1S in its 
various forms is the most generally useful but requires higher masts 
than do rhombics for the same elevation angle of the main lobe. The 
main beam of radiation can be slewed in azimuth up tb 16° and its 
direction reversed through 180°. Rhombic aerials have the advantage 
that they will operate over a wider range of frequencies without serious 
loss of efficiency and can be reversed but not slewed. 

Table 4 summarizes the gain and angle of elevation of the main lobes 
of a number of arrays of the broadside type. 

TABLE 4.--GAIN AND ANGLE OF ELEVATION OF THE MAIN LOBES OF 
BROADSIDE ARRAYS 

No. of 
Tiers 

Vertically 

Height of 
Lowest 
Element 
above 

Ground ( A) 

Gain with Reference to Half. 
wave Element in Free Space 

[ E.]) 
- = 2221 
VkW 

Elevation 
of E„, 

Degrees to 
Horizontal 

1 Element 
Wide (db) 

. 
2 Elements 
Wide (db) 

4 Elements 
Wide (db) 

1 Cf-25 5.2 6-8 9.8 90° 

0.5 6.2 8-2 10-8 30° 

0-8 7.0 9.0 11.6 25° 

2 0.3 
0.5 

7.3 
8.8 

9.8 
19.8 

12.4 
13-4 

22° 
17.5° 

1.0 9.2 11.4 13.8 11.0° 

3 0.3 
0-5 

9.0 
10.0 

10.8 
12 

13.6 
14.6 

14-5° 
12.5° 

1.0 11.0 12.8 15.6 8.5° 

4 0.3 
0-5 

10.4 
11.0 

12.4 
13 

15 
15.6 

1.0.5° 
9.5° 

0.8 11.8 13.8 16-4 8-0° 

1.0 12 14 16-6 7.5° 

A reflector adds approximately 3 db to the forward gain given in 
columns 3, 4 and 5. 
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Horizontal Dipole Arrays 

The characteristic impedance of a twin-wire dipole element consisting 
of two 12 S.W.G. wires spaced 6 in. is about 390 ohms, giving an end. 
feed point impedance for a co-linear pair equal to 3,800 ohms. The 
effect of a reflector is to double the radiation resistance of each element, 
thus halving the feed-point resistance. Each half of a sixteen-element 
array fitted with a similar reflector curtain has, therefore, an impedance 
of 1,900/4 = 476 ohms. The vertical feeder usually consists of two 
stranded cadmium-copper wires of 7/0-064 in. construction with a 
characteristic impedance of 600 ohms. To match the whole array to a 
transmission line the two halves are connected together by equal lengths 
of feeder, and the impedance is measured at the junction. Assuming 
symmetry, the impedance of each half of the array at the junction is 
twice the measured value, and the standing wave ratio (S.W.E,.) on 
the vertical feeders can be derived. Suitable oorrécting lines are added 
to the vertical feeders so that each is matched, and the junction point 
-impedance is then close to 300 ohms. This method takes the mutual 
impedance between the halves of the array into account. Matching is 
referred to under " Transmission Linee ". 

RelltiatOrt 

A reflector increases the forward field strength by nearly 3 db and, 
of course, reduces the field in the reverse direction to a low value, so 
minimizing interference with other services operating on the same 
frequency. It is common practice to build the radiator and reflector 
curtains in the same form so that the direction of radiation can be 
reversed, either curtain being tuned as a reflector for the other by short-
circuiting the vertical feeders at a point which is an odd number of 
quarter-wavelengths from the lowest element. The optimum position 
can be found with the aid of a small pick-up loop placed some 5-10 
wavelengths either in front or behind the array, forward-to-backward 
field strength ratios of 10: 1 being readily obtainable. The efficiency 
of a reflector increases with the number .of elements of which it is 
composed, and though the spacing from the radiator is not critical, 
0-25 wavelengths is usually adoptea. 0.15 wavelength spacing is 
about the minimum, but this reduces the band-width of the whole 
array and makes the impedance very sensitive to deflections produced 
by wind acting on the elements of the array. 

Mewing 

The main lobe of radiation can be deflected, or slowed in azimuth, 
by„advancing the phase of one half of the array relative to the other, 
the maximum slew being 16°. Further phase advance produces serious 
distortion of the lobe with a reduction of field strength in the required 
direction. 

Mechanical Design 

Horizontal dipole arrays consisting of two curtains, radiator and 
reflector, each of sixteen elements impcise a vertical load of about 
1,500 lb. and require masts up to 350 ft. in height, two masts usually 
supporting three arrays for three different frequencies. The dipoles of 
adjacent arrays should be separated by at least one-half of the longer 
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wavelength and a similar separation used between the dipoles and the 
masts. Horizontal rigging wires within half a wavelength from a dipole 
should be sectionalized with light insulators spaced 5 ft. and vertical 
wires sectionalized into 10-ft. lengths. Porcelain rod insulators 8-12 in. 
long are suitable for dipoles carrying- up to 25 kW each. Neither the 
masts nor their guys need be insulated, but the main supporting ropes 
between the mast heads should be split into 20-ft. lengths. 
The design of the rigging which preserves the form of the array is best 

done by graphical analysis, and involves a pertain amount of " trial 
and error ", since the only fixed points are the mast heads, and the 
loads on the main support ropes do not act along parallel lines. 

Vertical Incidence Arrays 

For general purposes a single half-wave dipole supported 0:25 wave-
lengths above ground is suitable, as it projects a broad kite of radiation 
vertically upwards with half-power points at 30° to the horizontal in 
the plane perpendicular to the element and at 53° in line with the 
element. The area included in the 70 per cent field-strength contour is 
700 x 300 km when the E layer is operative and 900 x 2,000 km, by 
reflection from the F, layer at night. Higher gain arrays composed of 
parallel dipoles spaced 0.5 wavelength in a horizontal plane 0-15-0-3 
wavelength above ground can be designed for particular purposes. The 
radiation pattern will be the product of the array factor and the ground-
reflection factor as determined from equations (25) and (26), remember-
ing that the angle for the array factor will be measured from the vertical 
and must be replaced by e/2 - A in the ground-reflection factor. 

The Rhombic Aerial 

Broadside arrays are composed of resonant elements spaced by a 
distance determined by the operating wavelength; thus the range of 
frequencies over which one array will operate satisfactorily is obviously 
limited by the change of its dimensions in terms of the wavelength. 
The rhombic aerial is composed of non-resonant conductors which are 
terminated by a resistance equal to their characteristic impedance to 
give an input impedance which varies very little as the applied frequency 

L .„ 0.371 X 

Sina 

Sin 91n Cos ‘5,n0e' 

Zs. -e-- 80r 
PM 51Ir 

(a) (b) 

Fro. 19.—THE RHOMBIC AERIAL. 
(a) The aerial. (b) radiation pattern of each side (when L 2A) of 

terminated rhombic. 
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is changed. A long wire parallel to the ground and terminated in a 
suitable resistance carries a travelling wave of current and radiates 
power in the general direction of the wave motion with a maximum 
inclined to the wire. This angle varies with the length of the wire in 
terms of the wavelength, becoming smaller as the length increases. 
Four similar wires can be arranged so that the radiation from each is 
directed along the same bearing, as shown in Fig. 19, and terminated in 
a resistance to absorb non-radiated power, which would otherwise be 
reflected back towards the input and give rise to a lobe of radiation 
directed 180° from the primary lobe. 
The directivity of a rhombic aerial is governed by the length of the 

wires forming the sides and the height above the ground plane, being a 
maximum for an angle à°, when H =A/4 sin à, and sides of length 
0.5A/sin2 à. à is not the angle at which the radiation pattern is a 
maximum but this can be aligned on à° by making the length of each 
side 0.371A/sin' à. Charts for determining the radiation patterns of 
rhombics will be found in the Department of Scientific and Industrial 
Research, Special Report No. 16 (Radio Research). 
VVhen a rhombic aerial is used for transmission, the terminating 

resistance must be capable of dissipating about one-third of the total 
power fed into the aerial, and it is usual to employ a dissipative trans-
mission line having conductors of iron or resistance alloy to give an 
attenuation of 10 db. The radiation efficiency of a terminated rhombic 
is given by : 

= ( 1 — x 100 per cent -= 70 per cent approx. (27) 

where R, =• the radiation resistance =- 700 ohms approx.; 
= the characteristic impedance of the conductors as a trans-

mission line 
= approx. twice the value of the terminating resistance. 

Construction of Rhombics 

The outstanding advantages of this aerial over thé broadside array are 
its broad frequency response and the simple mechanical construction 
which can be used. 

Either steel or wooden poles are suitable for supporting rhombic 
aerials, and unbroken guys have little deleterious effect on the radiation 
pattern. The aerial can be reversed by reversing the positions of feeder 
and termination resistance and, since no high standing waves occur on 
the conductors, the voltages are generally lower than for the equivalent 
broadside array. Conductors formed from two wires in parallel further 
improve the frequency characteristic, and the aerial can be matched to 
its transmission line by an exponential transforming section, 1 wave-
length long at the lowest operating frequency, in place of frequency 
selective stubs. 

Sites 

Installations which carry a world-wide seryiee require up to 400 acres 
of land to allow the arrays to be spaced apart sufficiently to prevent 
interference between them. Ideally, sites should be level, free from 
trees and similar obstructions, and far from ranges of hills. Ground 
sloping downwards in front of an array tilts the beam downwards by an 



I l -32 RADIO AND TELEVISION REFERENCE BOOK 

amount equal to the angle of slope, and similarly upwards when the 
ground slope is upward. The height of the array is measured per-
pendicularly to the ground, and is therefore reduced by the ground 
slope a small amount. The general effect of undulations is to distort 
the vertical pattern at a distance by non-uniform ground reflections, 
particularly for high-gain arrays radiating at low angles. It is prefer-
able to avoid placing an array closer than some 1,000 ft. to another in 
the direction of the main beam. The ground itself should have good 
conductivity. 

Transmission Lines 

The open-wire balanced form of transmission line is well suited to use 
in the high-frequency range, being easily erected and repaired, and 
having a sufficiently low attenuation for route lengths of up to about 
1 km. The open construction allows simple matching devices to be 
fitted at any point, and the measurement of the current along the line 
can be made with an ammeter and pick-up loop. • Carrier powers of 
more than 100 kW can be handled by a line constructed throughout 
from readily obtainable materials and erected by linesmen with no 
specialized knowledge of high radio frequencies. 
A characteristic impedance of between 300 and 600 ohms is most 

suitable, the lower value being obtained by the use of four wires spaced 
on the corners of a rectangle and the voltage applied across the horizontal 
side. A single pair of wires gives the higher value of Z, derived from the 
expression 

Zo = 276 log 10 [22(2n . (28) 

which for the four-wire construction becomes 

Zo = 138 log 10 [2--dS- V(ne 1)] . (29) 

where S = horizontal spacing between conductors; 
d = diameter of conductors; 
m horizontal spacing  
— vertical spacing 

The attenuation at a frequency F (Mc:s? when a standing wave of ratio 
Q, -(-= /„„, //rm..) exists on the line is 

K. (a + !) dbilun 
a 

K being 0.23 fer two-wire and 0-16 fot four-wire lines. Attenuation 
can be neglected in calculating the input impedance, Z., and deriving 
the matching required on an open-wire line feeding power to an array 
th en 

Z, = Z, a j tan 2rrL/A  
1 ja tan 2irLfÀ 

where L = the length of line from input to a position of .T000. 

. (30) 
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Or in terms of admit -

1 
- j tan 27.L, -À 

rI) • 

j tan 271-L ;\• 

At some t on the line the admittance looking towards the load will 
have a leal eçannotient cqual to Y„ and a suseeptance which can be 
cancelled by a reactance ti» en» weetcd in parallel with the line at that 
point. Then between 11.at Joint and the input the • line will be 
terminated hy Yo ( or 7,,) and JS matched. 
Most 0f the problem,: it,sneiated with the matching of transmission 

lines are simplified t): ,: ith.:ulatur which relates impedances, 
lengths and st anditc,'• waive tu tui I3.; a family of orthogonal circles and 
provides a !. tpid onus ois sol,.ing equations (30) and (31). A polar 
form of su, h a es!ilator ! ais been devised by P. 11. Smith (Electronics, 
1939, Vo). 1:?. p. 711. and Vol. 10. p. 130) which is applicable to lines of 
any charf.,eteritte . ropeclance t il.outrli the use of " normalized im-
pedances ". An inpetiance ti virmidized by dividing it by the char-
acteristic inipedatico elth( tiansmii,•sion lit:e associated with it. Thus 
equations (21) ore iloimalized dy dividing through by Z, in 
one case ai al Yo in the ether. 

(31) 

VERY-HIGH-FREQUENCY AERIALS 

Frequencies 1.‘?tween 30 and 300 Me/s comprise the " Very-high-
frequency \'.11.F.i range 201(1 are suitable for communication up to 
about 50 miles. all h,,rzh or, tile iower end reception at greater distances 
is frequently possible. 

Broadcasting, tel.:vision, point-to-point communications, amateurs 
and naviga i.10711.1 / I lits , ti •-.. rHpy this range, each service being allocated 
various bands of Jreq acucies. 

V.H.F. aerials fall into three broad categories having either : 

(a) it near4 uniform radiation pattern in the horizontal plane, 
but high dir9etivitv in the vortical plane for broadcasting; 

(b) a highly dirjetional pattern in both planes for .point-to-point 
coninitinications ; 

(c) specially slip ,cd radiation patterns for navigational. aids, 
particularly aircraft -lauding equipment. 

Vertical and horizontal polarization is used in all three categories; 
directivitie.; greater than in the medium- and high-frequency ranges are 
usual, since the resonant elements are physically much shorter. The 
majority of aerials consist of a number of resonant elements, either slots, 
wires or loops grouped to give the required radiation diagram, but non-
resonant rh.rials, such as the rhombic and the helix, have important 
applications. 
The directivity and power gain of any aerial system over which the 

current is sensibly uniform are directly proportional to its vertical 
extension. The mean power gain G relative to a half-wave dipole in 
free space is then approximately equal to 1.22 times the vertical height 
in wavelengths occupied by the aerial elements, that is the number of 
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elements multiplied by the spacing 
in wavelengths between elements 
as shown in Fig. 20. The width to 
the half-power points of the main 
lobe of radiation in the vertical 
plano is approximately 61° /G. 

5, _ is Aerials for Television Broadcasting 
- z›? - The design must achieve: 

- (a) the required power gain; 

;5  - 1  - (b) an input impedance 

VERT R. 
characteristic which does not 

N ELEMENTS vary by an amount sufficient 
HO 

i I to muse the radiation of de-
layed images; 

(c) a specified horizontal 
• radiation pattern, usually cir-
cular. 

The power gain will be «related 
to the service area required and the 

power output of the transmitter. The effective radiated power {E.R.P.) 
of the installation is the product of the power output of the transmitter 
and the gain of the aerial after all losses in the transmission linea and the 
like have been deducted. Transmitter power, aerial gain and aerial 
height above ground must be chosen as an economical combination, 
since deficiencies in ono can be compensated by adjustments to the other 
two, but each can be adjusted only by discrete amounts. Thus it may 
be cheaper to double the transmitter power instead of the aerial gain. 
The effective height of the transmitting aerial is not always equal to its 
height above the site itself, but above some mean datum applying to the 
service area as a whole, so the field strength over the area will not be 
directly proportional to the height of the mast. These, and other site 
considerations, enter into the figure decided upon for the aerial gain. 

Impedance Matching 
It is a relatively simple matter to match the aerial impedance very 

closely to the characteristic impedance of the transmission line feeding 
it at the carrier frequency. but if this matched condition does not hold 
over the range of sideband frequencies some of the sideband power will 
be reflected back to the transmitter, and by a second reflection return 
to the aerial. The time taken for this double traversal of the trans-
mission line will be an appreciable fraction of the duration of one line 
of the transmitted picture (approximately 100 microseconds) if the 
transmission line is over 250 ft. long, so that the delayed radiation of a 
portion of the power will produce a second and distorted picture at the 
receiver. This is detectable if the input impedance differs from the 
characteristic impedance by more than ± 2 per cent at the carrier and 
±17 per cent at the outer sideband frequencies. An increase in 
diameter reduces the variation of susceptance with .frequency of a 
centre-fed cylindrical radiator, and additional compensation, in the 
form of a susceptance varying in the reverse manner, can be added in 
parallel at the feed point. A short-circuited line has this property, 

0 2 4 6 5 10 2 14 
APERTURE. S.N WAVELENGTHS 

20.—GAIN OF STACKED 
RADIATORS. 
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21.—BAND-WIDTH OE DIPOLE WITH SHORT-CIRCUITED 
LINE IN PARALLEL. 

and when its length and characteristic impedance are correctly chosen 
the band-width of the combination can be two to three times that of the 
element alone. 

Fig. 21 (a) shows The circuit analogous to a dipole with a short-
circuited line in parallel, the former being series resonant with resistance 
and the latter parallel resonant. The broken curves of Fig. 21 (b) 
indicate how the conductance and susceptance of the dipole change 
over a small frequenoy range about the resonant frequency and the full 
curve the corresponding susceptance of the short-circuited line. When 
the two susceptances are added, their resultant is very nearly zero, over 
a range of ± 5 per cent of the carrier frequency, and the dipole admit-
tance is practically equal to the conductance term alone. This form of 
compensation is inherent in the folded dipole, since the two sides of the 
fold, Fig. 22 (a), act as parallel short-circuited lines across the feed point, 
equal and opposite currents flowing internally as shown. The radiation 
current flows on the outer surface, Fig. 22 (b), and divides equally 
between the two limbs of the fold. The input imnedance is therefore 
four times that of an open dipole of similar construction. 
A low value of characteristic impedance—about 25 ohms—gives the 

best compensation of the dipole susceptance variations, and the element 
is therefore made from a wide strip, closely folded. The practical 
form of a high-power television aerial using folded dipole elements can 
be seen in Fig. 23. The compensating line can be used to support an 
open dipole element and, by moving the element towards the short-
circuited end, the slope of the compensating susceptance can be varied 
between wide limits without changing the characteristic impedance of 
the line. The slope is proportional to 
1 isin1(2trx/X), x being the distance from 
the short-circuited end. 

Band-width of tiered Arrays 

When tiers of dipoles are built up to 
form a high-gain array, the band-width of 
the whole assembly is influenced by the 
following additional factors, which also 
have a material effect on the radiation 
patterns: 

FEED tr-tL t CENTRE POINT 

(a) (b) 

Fie 22.—THE FOLDED 
DIPOLE. 
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FIG. 23.—IIICII-rOWEn TELEVISION TRANSMITTING AERIAL. 
USING FOLDED DIPOLES. 

The main mast of the Holm° Moss station is 750 ft. high and 
weighs over 90 tons. The close folded dipoles formed from wide strip 
at the top are for Television broadcasting while the slot aerials in the 
tubular section are for \. 11 F. sound broadcasting. . 

(B.B.C.) 

(a) the mutual impedance between one element and all others in 
the array; 

(b) the variation of the electrical length with frequency of inter-
connecting feeders and impedance transformers; 

(c) the presence of the supportii.g mast. 

The calculation of the effects is laborious, and the solution is usually 
derived from experiments on small-scale models of the array: in fact 
reliable plots of the radiation patterns can only be made on such models 
when placed well away from reflecting surfaces. 
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Arrays of Hall-wave Dipole Elements 

A single vertical dipole supported well clear of other conductors has 
a circular horizontal radiation pattern (H.R.P.), and a number of 
dipoles placed in line, 1 wavelength apart between centres, could be 
used to give power gain in the horizontal plane without distorting the 
pattern. Mechanically such an array is difficult to build as a self-sup-
porting structure, as insulators capable of withstanding the considerable 
bending moment, and of sufficiently small dimensions, are not available. 
The elements hi. :e to be supported by a mast running parallel to them. 
This distorts 1'io radiation pattern and affects the band-width (i.e., the 
frequency- range over which the impedance is approximately constant). 
Other groupings must be adopted, e.g., four co-phased dipoles arranged 
in a ring 0-4 wavelength in diameter round a mast which is less than 0-1 
wavelength in diameter or across the diagonal, give a horizontal radiation 
pattern uniform to within ± 1 db. This variation can be reduced by 
decreasing the ring diameter and by increasing the number of dipoles 
in the ring, but difficulties with the band-width and feeding are intro-
duced, so that four is about the optimum number. One ring has a gain 
lightly greater than a single dipole element and, by adding further 
rings each spaced 0-9 wavelengths from the centre of its neighbour, 
the gain is increased by approximately 3 db every time the number of 
rings is doubled. The relation between the total length of an array and 
its gain is shown by Fig. 20. 
The presence of guy wires near an array of vertical dipoles would 

distort the horizontal radiation pattern, so the supporting mast must 
stand as a. cantilever extension to the structure below it and, to with-
stand the bending moment due to a number of rings, cross-sections 
exceeding 0.1 wavelength become necessary. Then more pronounced 
maxima and minima occur in the horizontal-radiation pattern, but by 
an adjustment of the ring diameter the variation can be limited to 
± 2 db for eight tiers of rings on a square mast of 0.36 wavelength side. 
Eight elements on a ring diameter of 1-28 wavelength, with an inner ring 
of reflectors 0-78 wavelength in diameter, were used at Alexandra 
Palace to achieve a near-circular diagram on a mast 0-65 wavelength 
across. 

Intentionally non-uniform diagrams can be obtained by using one, 
two or three elements only in the ring, leaving one or more faces of the 
mast open. 

In the horizontal plano the field strength of one horizontal dipole 
varies approximately as the cosine of the angle between the radial and 
the perpendicular through the centre of the dipole. When two are 
arranged at right angles to each other on a common centre point and 
fed with equal currents differing in phase by 00° the resultant pattern 
is sensibly circular. Vertically mounted tiers of such pairs spaced a 
wavelength apart form the Turnstile array. Since half the input power 
is fed into each element of the pair, the gain of a single pair of crossed 
dipoles is half that of the standard half-wave dipole, and two pairs 
spaced 0.7 wavelength vertically are practically equivalent to a single 
vertical dipole. At this spacing the mutual resistance is at its maximum 
negative value and the horizontal gain is a maximum, but as the 
number of tiers is increased the optimum spacing approaches 1 wave-
length. 

Horizontal dipoles can be arranged in a ring round a central mast, 
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four being the usual number, the ring diameter being carefully chosen to 
compensate for the effect of currents induced in the mast. Even when 
this is done appreciable variations in the horizontal radiation pattern 
can occur, for instance, the maximum/minimum ratio is 3 db for a 
square mast with 0.27-wavelength sides, 4 db for 0.37 sides, and then 
falls to about 3.6 db when the sides are 0.5 wavelength. More nearly 
uniform patterns are, of course, obtained when more dipoles are used in 
the ring, but again the multiplicity of feed points introduces its own 
problems of impedance transformation and matching. 

Alternative modes of phasing the currents in a ring of four vertical or 
horizontal dipoles are possible : 

(a) all are driven in the same phase, i.e., the currents have 
the same direction of rotation round the ring when horizontal 
(Fig. 24 (b)); 

(b) the phase is advanced 90° progressively round the ring. 

The first gives a more uniform horizontal radiation . pattern, and the 
second less impedance variation, i.e., a greater band-width for the whole 
array. In (b) diametrically opposite dipoles are fed from a common 
feeder, and similarly orientated pairs in all the other tiers are fed in 
phase so that the array has then two feed points. These are joined 
together by feeders which differ by 90 electrical degrees in length, that 
is one feeder is 0-25 wavelength longer than the other, and delays the 
phase of the currents in those pairs by 90°, with the result that the 
relative phases round the ring are 0°, 90°, 180°, 270°. Since the two 
halves of the array are identical, any deviation of impedance with 
frequency occurs equally on each, but at the common input connection 
the reflections set up by such deviations will be 180° out of phase, one 
having, in effect, twice traversed the added quarter-wavelength of 
feeder. The reflections cancel, and the input impedance of the whole 
array remains unchanged. • This holds until the frequency band is so 
wide that the qdded length of feeder differs significantly from 90°, 
so that the cancellation of reflections is not complete. Advancing phase, 
or as it is more commonly known, quadrature feeding, is used in the 
Super-turnstile array. It should be noted that although the main 
transmission line to the array input is correctly terminated over the 
frequency band unequal powers are fed into the two halves, because 
the impedance of one half is as much greater than the mean as the other 
is less. The reflected power is not cancelled or absorbed at the junction: 
it travels on to the other half of the aerial and distorts the horizontal 
radiation pattern. If the interconnecting feeders are many wave-
lengths long the delay will be apparent at the receiver through the 
appearance of a ghost image of the prime picture, but this can be 
prevented if the reflected power is absorbed by the circuit shown in 
Fig. 24 (a). 

It will be apparent that impedance transformation occurs many times 
in a multi-element array, since each individual feeder must be correctly 
terminated in its characteristic impedance. Further, the transformers 
used must be insensitive to changes of frequency within the working 
range. When the impedanco ratio required is small a single quarter-
wavelength of a line with a characteristic impedance equal to Vri x 
can be used (r1, rs being the resistances to be matched), but for larger 
ratios a double quarter-wave transformer is preferred, the first section 
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Fia. N.—ARRAYS OF HALF-WAVE 
DIPOLES. 

(a) Quadrature feeding with power 
equalisation. 

(b) Horizontal dipoles in phase feed-
ing. 
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having a characteristic impedance of V[ri1/(r, ± r,)] and the second of 

V[r2V(ri X ea)]. Any further correction of susceptance variations is 
done at selected points on the feeders by introducing, at those points, 
lengths of line having equal and opposite variations after the manner 
adopted for the compensation of dipoles. • 
No insulators are necessary for the mounting of dipole elements on a 

mast, as the attachment can be made to a point which is electrically 
equidistant from the ends. For folded dipoles this is the centre of the 
continuous side of the fold; for open dipoles it is the short-circuit on 
the supporting stubline compensator. There is no difficalty, therefore, 
in feeding a balanced element by an unbalanced line, such as co-axial 
cable, since this has merely to follow the metallic path from mast to 
feed point, with the outer conductor always in contact and tho inner 
connected to the opposite side of the feed point. The outer conductor, 
in some designs actually carries the radiating current on its outer 
surface, the penetration of the current into the conductor being 80 small 
in depth that internal and external surface currents cannot interact. 

Vertical Slot Aerials 

A slot about 0.05 wavelength wide and 0.5 long cut in a large conducting 
sheet is equivalent, when fed across the centres of the long sides, to a 
half-wave dipole with the magnetic and electric fields interchanged. 
The electric field of a vertical slot is horizontal, and the radiation 
pattern in the horizontal plane, is a circle when the sheet is infinitely 
large. A finite sheet reduces the pattern to a figure of eight with minima 
along the surface of the sheet. If one considers the slot in relation to a 
strip dipole which would just fill the slot, the following relationship 
etists between their centre-point impedances: 

Zmot X &lima (3747)1 

Since Zdir.a, is approximately 70 ohms, Znoi is equal to 500 ohms and the 
band-widths are comparable; wide slots having a greater band-width 
than narrow ones. 
A nearly circular horizontal radiation pattern is given by a slot cut in 

a cylindrical surface having a diameter of about 0.1 wavelength, and by 
cutting two or more slots in larger cylinders. If a ratio of maximum to 
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minimum field strength of not more than 3 db is required, the cylinder 
diameter must not exceed: 

0.13 wavelength for 1 slot; 
0.175 wavelength for 2 slots; 
0.4 wavelength for 3 slots; 
0.8 wavelength for 4 slots. 

When cylinders with circumferences of about 1 wavelength are used, 
internal resonances tend to occur and fields are set up which interfere 
with the field round the slot. It thus becomes difficult to excite the slot 
in the normal manner by feeding across the venire. The resonance 
effect is greatly reduced by fitting internal screens behind each slot, so 
that each is, in effect, a.single slot in a small-diameter cylinder, though 
the screens can follow the chords of the circular section. The resonant 
length of a slot is increased to about 0.8 wavelength by the addition of 
screens. As in the case of dipoles, slots can be arranged in vertical 
tiers to increase gain in the horizontal plane; the same approximate 
relationship between total aperture and gain holds good (see Fig. 20). 
The distance between the centres of the slots is usually of the order of 
wavelength. 
It is generally more convenient to teed by an unbalanced line rather 

-than a balanced pair of conductors, ae the former can be made to follow 
the internal surface of the cylinder and has no stray field to interact 
with the field in the cavity behind the slot. The feeder will not be 
matched owing to the high impedance of the slot, and the band-width 
will be impaires, but methods equivalent to the folding of a dipole can 
be applied which result in the feed-point impedance being divided by a 
factor of four. 
»Slotted cylinder aerials have the very important mechanical advan-

tage over dipoles in that they present a smooth surface to winds, so that 
the total load on the supporting mast is often less than for the equivalent 
dipole aerial. The slots themselves can be masked by suitable sheets of 
insulating material such as" Perspex ". Distribution feeders can safely 
be run in the space between the screens of a slotted cylinder, but care is 
taken to ensure that they are bonded to the screens at frequent intervals 
and, as far as possible, to place the feeders in the angle between adjacent 
screens. 

The Super-turnstile Array 

A form of radiator intermediate between the horizontal dipole and 
the vertical slot is employed in the super-turnstile array which was 
developed in the following manner. Horizontal currents flowing in the 
sheet surrounding a slot decrease rapidly with the distance from the slot 
edges, and become negligibly small at more thee 0-25 wavelength, so 
the removal of those portions of the sheet beyond this distance will have 
little effect. The sheet can also be skeletonized, leaving only seven 
horizontal bars to carry current, and the impedance/frequency char-
acteristic then becomes similar to that for a single horizontal dipole, 
most of the current being concentrated in the centre bars. On shorten-
ing these, as shown in Fig. 25, the end impedance is raised and more of 
the current is forced to flow in the outer bars, and the vertical-plane 
radiatior pattern now approximates to that of two horizontal radiators 
spaced + vavelength apart, and the band-width is appreciably 
broadened. One element of this form can be adjusted so that its 
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impedance changes by less than 10 per cent over a band of frequencies 
equal to 25 por cent of the mid-frequency. When a number of the 
elements is arranged in two vertical, and perpendicular, planes about a 
central support mast and fed in advancing phase, a high-gain aerial 
with a reasonably uniform H.R.P. results: The central mast, usually a 
cylindrical tubo, has little effect on the performance when its diameter 
is less than 0.1 wavelength, but nevertheless the maximum gain is 
limited by the need to keep the diameter within this figure. 

25.—Teats-STACK SUPER-TURNSTILE 
TELEVISION AERIAL. 

• 
(Mareones Wireless Telegraph Co. Ltd.) 

The elements are spaced vertically 1 wavelength apart between centre 
points, and each is 0.7 wavelength long and 0.5 wavelength, wide at the 
ends. They are fed by co-axial cables cleated to the central pole, and 
then to the outer edge of the slot and terminating across the centre of 
the slot and the pole. The other half of the same element is fed by a 
cable connected in the reverse manner, i.e., outer conductor to pole and 
inner to slot edge, and each cable is correctly terminated when the 
impedance of each " half slot" is made 70 ohms. 

Distribution feeders and impedance-matching transformers are ajl 
accommodated on the pole, and require careful placing to avoid the 
introduction of stray coupling between the two perpendicular planes of 
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elements. Adjustments can be done at ground level, the complete 
aerial being hauled into position in one piece. 

Loop Aerials 

A circular loop of wire carrying a uniform current gives rise to a 
circular radiation pattern in the plane of the loop with the electric field 
in that plane, so that tiers of horizontal loops can be used to concentrate 
radiation into the horizontal plane equally in all directions. The 
difficulty is to produce a uniform current round the loop, since, if current 
is fed in at one point, the periphery must be small in terms of the wave-
length, and the radiation resistance will be small also. The difficulty 
can be largely ove-"me by dividing the loop into resonant sections on 
whjch the current distribution will be approximately sinusoidal, but 
the combined effect will be similar to a uniform current round the.loop. 
Each section will require its own feed point, .and the loop becomes a 
series of horizontal dipoles with the currents all flowing in the same 
direction round the ring. 
The Kandoian array is a high-gain aerial of this form, and uses 

triangular loops with half-wave resonant sides very similar in form to a 
folded dipole. These are supported at the electrical centre by a co-
axial line which feeds round the fold to the central feed point so that 
the outer surface of the line does actually form the radiating surface. 
The three co-axial lines are then paralleled at the centre of the triangular 
loop to give an impedance of about 50 ohms. A maximum number of 
sixteen vertically tiered loops gives an array operating in the 200-Mc is 
range with a gain of seventeen times that of a half-wave dipole. The 
loops are co-phased, and by the use of a special balun transformer they 
are paired in series so that the common input impadance is kept at a 
workable value. If N loop feeders were joined directly in parallel the 
impedance would be 50/N, by the series—parallel method it is 2 x 50/N. 
or 12-5 ohms for the sixteen-loop array. Mutual coupling between 
paire of loops narrows the band-width of the array, but the effect is 
reduced by fitting non-resonant screens between every other loop. All 
the feeder cables and transformers are housed inside the triangular mast, 
together with the cables supplying power to de-icing heaters in each 
element and aircraft warning lanterns. 

The Helical Aerial 

As in the case of the rhombic array, a wire many wavelengths long 
radiates by virtue of the travelling wave of current on it. If the wire 
is coiled into a helix and complete turns are an integral number of wave-
'lengths long, all points lying on a line parallel to the axis of the helix 
will carry currents which differ in phase by integral multiples of 2ir 
radians. In other words, the fields due to these currents will be additive 
along all radials in the plane perpendicular to the axis of the helix, and 
a beam of radiation will be produced. The vertical pitch will give rise 
to a small vertically polarized component, but if right- and left-handed 
spirals starting from a central point are used, this component can be 
largely cancelled. In its practical form the aerial is composed of turns 
2 wavelengths in circumference (these are wavelengths in the wire taking 
the velocity of propagation into account) five wound right-handed, 
and five left with a pitch which makes the total axial length 5 " free 
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space" wavelengths. This forms one unit and is fed at the common 
centre point, further units bèing added to give the required total gain. 
The current along a single helix decreases progressively from input 
onwards, and the beam produced in the vertical plane would be asym-
metrical; it will be evident that this as immetry is reduced by twinning 
two helices into a unit as described. A tubular mast lying along the 
axis acts as the support for the turns, and also as the outer of the co-
axial line feeding the units, the inner conductor being brought out 
through bushing insulators. Stalk insulators of low permittivity and 
loss hold the turns in position on the mast, and the ende of each unit 
are conne,tted to the mast, but this does not set up any appreciable 
reflection owing to the high attentuation along the helix due teradiatior. 
The beam of radiation can be tilted downwards by simply rotating one 
or more units of the array round.the mast so that a progressive phase 
advance of the currents is achieved. 

Gap Pilling and Beam Tilting 

The field strength in the vertical plane of M, current co-phase, . 
elements spaced 2ir radians (1 wavelength) apart has been show 
(equation 25) to vary as the factor: 

sin  x 2ir  2 x Bin LI) 

sin (.2i! x sin A) 

which is zero when A = I n • n — 1 n' 3 . . .M — 1 

If the array is H ft. above the surrounding district, zones of low field 

strength corresponding to these zeros will occur at H \ I[(M—) ft. 

from the array, the farthest being, for example, about 14 miles when 
H = 1,000 ft. and M = 8. Although this low field strength is usually 
adequate, there is a possibility of distorted television reception due to 
the movement of the pattern along the ground with modulation, and 
large relative changes may occur in the zones. This can be overcome 
by de-phasing one tier of elements near the centre of the array or by 
feeding more power to the upper half—a power ratio of 70: 30 is often 
used—so tilting the beam downwards. A tilt can also be produced by 
progressively advancing the phase of the tiers from the bottom upwards. 
By beam tilting the field strength can be made nearly independent ot 
distance up to 20 miles from the aerial. 

F. D. B. 
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GREAT-CIRCLE BEARINGS AND DISTANCES 

Great-circle Routes 

The effective use of radiated energy in H.F. and V.H.F. peint-to. 
point services is profoundly influenced by the accuracy with which the 
bearings of the stations and the distances between them are computed. 
Errors of a few minutes of arc in the orientation of highly directional 
arrays may seriously reduce the directional gain, the signal-to-inter-
ference ratio and the duration of communication periods. The greater 
the distance and the sharper the energy concentration, the greater is 
the need for accuracy in calculation and applying the results to setting 
out the arrays. 

Electromagnetic waves travel by great-circle routes over the earth's 
surface, since an arc of a great circle is r.,ways the shortest route Letween 
any two points on the terrestrial globe (see Fig. 26). A great circle is 
defined as any one of an infinite number of circles formed by a plano 
passing through the centre of the earth, where it cuts the surface. 

MERIDIAN N. POLE 
THROUGH B 

MERIDIAN 
THROUGH A 

GREAT 
CIRCLE 
ROUTE 

S. POLE 

Fla, 26.—GREAT-CIRCLE ROUTES. 

The are of a great circle is always the 
shortest route between any two points on 
the terrestrial globe. 

• 

Great-circle Bearings 

The great-circle bearings of two stations A and JI (1. Lg. 27) are found 
by solving the spherical triangle ACB formed by the great circle passing 
through A and B and the meridians or great circles passing through A 
and B and the poles. They are calculated from the formule: 

sin {(//, — 1)12} cot c/2 
tan {(b — a)/2} = cos 1.)12) 

cos {(lb — /,,)/2} 
tan ((b a)12) — sin tub + ,.)/2} cot c/2 • . . 

where a -= great-circle bearing of B from A, degrees; 
b --- great-circle bearing of A from B, degrees; 
= difference of longitude between A and B, degrees (the in-

cluded angle at the polo); 
latitude of A, degrees; 

= latitude of B, degrees. 

To simplify calculation, take B as the place of greatest lat. de. 
When dealing with distances of some thousands of miles, the angular 
quantities (b — a)/2 and (b a)/2 must be evaluated with five- or 

(1) 

(2) 
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six-figure trigonometrical tables to obtain the necessary degree of 
accuracy. For distances of a few hundred miles, three- or four-figure 
calculations will suffice. 

Latitudes north of th equator are written positive. 
Latitudes south of the equator are written negative. 

If 4 + 4 is negative, calculation is simplified by regarding this 
quantity as positive, giving bearings West of South, and calling the 
result East of North. 

Great-circle Distances 

The great-circle distance between A and B is calculated from tha 
equation: 

sin {6 a)/2) , 
tan d/2 sin a)/2) tat' — 1,2) . 

where d = great-circle distance, &glees. 

Fia . 27.—G SEAT RCLE 
BE ARINGS AND DISTANCE 

Two STATIONS. 
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In order to convert the result to linear measure, minutes and seconds 
must first be expressed in decimals of a degree to the nearest third 
decimal place before multiplying by one of the following factors : 

d, statute miles = 69-057 d° 
d, nautical miles = 60-000 d° 
d, kilometres = 111-136 d' 

EXAMPLE 1: A directional high-frequency service is to be established 
between two stations situated near London and Singapore. Find the 
great-circle bearings at each site and the great-circle distance between 
sites, given the positions. 

London : Long. 0° 7' W. Lat. 51° 30' N. 
Singapore : Long. 103° 58' E. Lat. 1° 34' N. 

London is the place of greatest latitude. 

Hence 4 = 1° 34 N. 
/6= 51° 30' N. 
c = 0' 7' + 103° 58' = 104° 05' 

(1„ ± 4)/2 = 26' 32' 
(4 — 16)12 — 24° 58' 

c/2 = 52° 02', 30" 
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A 
LONDON SINGAPORE 

Fia. 28.—Ex AMPLE 1. 

Subtract 
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To evaluate the bearings, take logs of 
both sides of equations ( 1) and (2) : 

sin W b — /„)/ 21 , 
tan ((b — a)121 = cos (( li. 4)/2} cot c12 

log tan {(b — a)/2} log sin {(4, — 
— log cos {(4, ± 4)/21 log cot. c/2 

log sin 24° 58' = 9-625406 
log cos 26° 32' = 9.951665 

— 0-326259 
Add log cot 52° 02' 30" = 9.892159' 

log tan ((b — a)/21 = 9-565900 
(b — a)/2 = 20° 13' 

COR {(1° — 4)/2} cot c12 tan ((b a)/21 — Sin w.5 4)/21 , 

log tan ((b a)/2) =- log cos (( le — 4)/21 — log sin ((le ± 4)/21 
-I- log cot (- 12 

log cos 24° 58' = 9-957393 
Subtract log sin 26" 32' = 9-650034 

0-307359 
Add log cot 52° 02' = 9-892159 

log tan ((b a)/21 = 10-199518 
(b u)/2 = 57° 44' 

Bearing of Singapore from London 

b = (b a)/2 (b — a)/2 
57° 44' + 20' 13' --- 77° 57'  E. of N. 

Bearing of London from Singapore 

a = (b a)/2 — (b — a)/2 
= 57° 44' — 20' 13' = 37° 31' W. of N. 

To eva!uate the groat-circle distance, take logs of both skies of equation 

(3)- 
sin ((b a)/21 

tan d/2 tan ((te — 4)/2} 
sin ((b — a)/21 

log tan d/2 = log sin ((b a)/21 — log sin ((b — a)/2} 
+ log tan ((le —  

Subtract 

Add 

log sin 57° 44' = 9-927151 
log sin 20' 13' = 9.538538 

0-388533 
log tan 24° 58' = 9-668013 

log tan (d/2) -= 10-056620 
d/2 = 48° 43' 30" 

• 
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Angular distance = 97° 27' 
Linear distance, statute miles = 97.45 x 69.057 = 6,729 statute miles 
Linear distance, nautical miles = 97.45 x 60 = 5,847 nautical miles 

Determination of Direction of True North 

For the purpose of setting out accurately the lines of directional 
aerials sytems and masts, the direction of True North (the observer's 
moridian) is established by taking observations with a theodolite of the 
position of the sun or one of the principal stars, referred to some 
arbitrary datum line, and noting the time of the observation. The 
datum line is a line selected between the observer and some outstanding 

HOUR CELESTIAL PARALLEL 
ANGLE N. POLE OF 

DECLINATION. 

HOUR 
CIRCLES 

TERRESTRIAL 
SPHERE 

CELESTIAL 
S. POLE 

CELESTIAL 
EQUATOR 

CELESTIAL 
SPHERE 

DIRECTION OF APPARENT 
'ROTATION OF CELESTIAL SPHERE • 

FIG. 29.—DECLINATION AND HOUR ANGLE. 

object on the horizon, such as a tree. The bearing of True North is 
then calculated from the observed declination of the sun, the known 
latitude of the site and the hour angle by the use of equation (3). It is 
necessary to define declination and hour angle: 

Declination 

The latitude of a celestial body on a celestial sphere (Fig. 29). The 
celestial sphere is an imaginary sphere of infinite radius, analogous to 
the terrestial sphere and concentric with it, which is considered to rotate 
about the earth once every 24 hours, the earth being assumed to be 
relatively stationary. 

Hour Angle 

The longitude of a celestial body West of the observer, or the number 
of hours elapsed since the body 1ppeared due South of the observer. 
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rHourl rMean timel . rEquationl r 12 
Langlej L of place j = L of timo J ± Lhoursj 

[Local apparentl , r 12 
time j Lhoursj 

[Mean time] -- [G.M.T.] + [Long. E] 
of place 

TI i  equation of Time is obtained from the Nautical Almanac or other 
nautical tables. 
The hour angle is zero at apparent noon, and is reckoned westward of 

the site. Since apparent timo is reckoned from midnight, 12 hours 
must be subtracted after midday and added after midnight. If the 

TN 

•,r 
\ 

(5,30-

THEODOLITE 

REFERENCE 
POINT 

30--EXAMPLE 2. 

hour angle is greater than 12 hours, the sun is East of the site, and the 
hour angle must be subtracted from 360' to obtain the included angle 
between the direction of the sun and the direction of the reference line. 

It is usual to take three sets of observations and work to the average 
result. 
EXAMPLE 2: A station is to be sited in a position Long. 9° 09' W. 

Lat. 38° 4'2' N. The following observations were made on the site 
with a theodolite of the sun relative to a selected line of reference. 
Yind the direction of the observer's meridian (True North). 

Observed horizontal bearing 
of sun from point of refer-
ence 120' 6' 30" 

Times of first and last obser-
vations . 17 hours 31 minutes 43 seconds B.S.T. 

17 hours 34 minutes 25 seconds B.S.T. 
Watch fast by standard time 
signal . . 25 seconds 

Correction for Time 

Times of observations : 

1st contact. 17 hours 31 minutes 43 seconds 
2nd contact, 17 hours 34 minutes 25 seconds 



Mean of times 
Watch fast . 
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. . 17 hours 33 minutes 4 seconds 
25 seconds 

17 hours 32 minutes 39 seconds 
Less summer-time advance . . 1 hour 0 m.nutes 0 seconds 

16 hours 32 minutes 39 seconds 
Correction for Longitude 

Difference for 1° 4 minutes 
Difference for 

9° 09' 9-15 minutes x 4 = 36 minutes 36 seconds 

Local Mean Time (p.m.) . . 15 hours 56 minutes 3 seconds 

Equation of Time at 16 hours 32 minutes 39 seconds (12/6/1948) 

Equation 
G.M.T. of Time 

24.0" From Nautical Almanac { 16 hours 
18 hours 22.9" 

By interpolation . • 16 hours 32 minutes 39 seconds 23.73" 
Local Mean Time . . . 15 hours 56 minutes 3 seconds 
Less Equation of Timo. 23.73 seconds 

Local Apparent Time . . 15 hours 55 minutes 39.27 seconde 
Hour Angle 

Local Apparent Time 12.00 
hours . . • 3 hours 55 minutes 39-27 seconds 

Declination of Sun at 4 hours 32 minutes 39 seconds G.M.T. ( 12/6/1946) 

G.M.T. Declination 
23° 08.7' From Nautical Almanac .{ 18 hours 

18 hours 23° 09-1' 

By interpolation . . 18 hours 32 minutes 39 seconds 23° 08.81' 

Great-circle Calculation of Azimuth 

We now have 

Declination, 1,, 23° 08-81' N. = 23° 08' 49" N. 
Lat. of site, lb 38° 42' N. 
Hour angle, c 3 hours 55 minutes 39.27 seconds = 58' 54' 5.4" 
(lb + /4/2 . 30° 55' 25" 

— /4/2 . 7° 46' 38" 
C12 • 29° 27' 27" 

Applying the) great-circle formulae, equations ( 1) and (2). and taking 
logs of boGh sides, as in the previous example, we have 

log sin 7° 46' 36" = 9.131336 
Subtract log cos 30° 55' 25" = 9-933413 

—0.802077 
Add log cot 29° 27' 27" = 10.248110 

log tan ((.5 — a)/2) = 9-446033 
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(b — a)/2 = 15° 36' 15" 
log cos 7° 46' 36" = 9.995987 
log sin 30° 55' 25" = 9.710874 Subtract 

Add 

0-285113 
log cot 29° 27' 27" = 10-248110 

log tan {(b a)/2} = 10-533223 
(b a)/2 = 73° 40' 20" 

Azimuth b = (b a)12 (b — a)12 --- 89° 16° 35" 

Given the polar diagram of an array, the allowable tolerance in the 
accuracy of taking observations and staking out the line of the array is 
best shown by an example. 

LATERAL ERROR 1" 

50 YDS—,b-
-4--  « 1000 MILES 

Fm. 31.—EXAMPLE 3. 

EXAMPLE 3: The error in computing the bearing of a directional aerial 
system was 0° 3' of arc. The lateral error in staking out the line of the 
aerial amounted to 1 in. in 50 yd. in the same direction. Find: (a) the 
total angular error and (b) the distance between the line of maximum 
propagation and the true direction 1,000 miles distant. • 

(a) Angular error in computation, 8 . . . 0° 3' 
Angular error in staking out (for very small 

angles), 
0, --,- arc tan ( 1/50 x 38) 
= arc tan 0.000556 . 0° 1-9' approx. 

Total angular error, 0, . 0° 4.9' 

(b) Linear error at 1,000 miles distance 
= d tan Os 
-= 1,000 x 0.00143 
= 143 miles 

W. E. P. 
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CHOICE OF SITE 

The choice of a transmitting or receiving site is influenced by the 
nature of the service, the mode of propagation and the frequency. 
There are, however, several primary considerations which have a very 
general application. 

Site Characteristics.—In the first place it is an advantage to survey 
two or more prospective sites and make the final selection by comparing 
their relative technical merits and the cost of land. The site and 
surroundings must be fiat, free from large wooded areas, well drained and 
not liable to flooding. Although rocky soil is ideal for mast and building 
folindations, it makes a poor electrical earth. Clay, loam and limestone, 
which absorbs moisture readily, have good electrical conductivities 
and make satisfactory earths; dry sand and gravel are less suitable. 
A sufficient area of land must be available for setting out masts, stay 

anchorages and buildings according to plan, allowing for possible future 
extensions, as costs may rise or the additional land required may have 
been occupied later. 

Accessibility.—The site must be accessible by a made-up road, 
capable of carrying the heaviest loads during the constructional- period, 
and within reasonable distance of the nearest town and railway. If the 
site is remotely situated and no convenient means of transport exists, 
provision for housing and other Itaff amenities may haue to be included 
in the estimates. 

Regulations and Legal R. guirements.—An architect should be con-
sulted on the technical, legal and financial aspects of the project before 
purchasing land, and plans submitted to the local authorities for 
approval before contracts are placed. Aeronautical regulations 
governing the erection of masts and the provision of aviation obstruc-
tion lights must be complied with. 
Power Supply.—A source of public power supply must be available 

near the site. If the supply is unreliable and subject to frequent 
failures, the cost of instalhng generating plant, either for continuous or 
emergency operation, will have to be taken into account. If voltage 
variations at the terminals exceed ± 6 per cent, it may be necessary 
to install automatic voltage regulators. 
Communication Lines.—The cost of renting or erecting and main-

taining lines to establish connection with the nearest exchange will need 
investigation. 

Water and Fuel-oil Supply.—A water supply of sufficient capacity for 
cooling generating plant and supplying the needs of personnel should 
be available locally. Failing this, expert opinion may be sought on 
the prospect of obtaining a reliable and constant supply by sinking a 
bore. Facilities should exist for regular deliveries of fuel oil from the 
nearest town or railway depot. 

Influence of Frequency on Choice of Site 

To understand how site features depend on the nature of the service, 
it will be useful to review the propagation characteristics at different 
frequencies. 

Medium-frequency Transmitters 
The useful service area for broadcasting and communications at 

frequencies below 3 Mc/s is limited to the range of the ground wave. 
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Although the sky wave is effective at a distance beyond the range of the 
ground wave, the two combine with a random phase displacement to 
produce a region of signal instability. The range can be usefully 
extended only by directing the maximum amount of energy into the 
ground wave and keeping earth losses in the vicinity of the aerial as 
low as possible. Good soil conductivity on and around the site for a 
radius at least ten times the radiator height is an important factor in 
reducing earth losses. They aré further reduced by burying a system 
of radial earth wires extending up to half a wavelenth from the centre 
of the radiator Iron railings, wire fences and metallic structurés. 
which also absorb energy from the field, should be situated well out of 
the vicinity of the radiator, and overhead power and communication 
lines terminated at the site boundary and connected to the building by 
buried cables. 
The site should be level and at an altitude not less than that of the 

primary service area. The area is determined mainly by the dimensions 
of the earth system. A half-wave radiator for a broadcasting service, 
with its earth system, will occupy a circular area hiving a diameter 
equal to the height, but a somewhat greater diameter is usually desirable 
as a precaution against the possibility of the mast falling on adjoining 
property. Similarly, in the communications field the area occupied 
by the earth system for a horizontal tee aerial, and its mast, will be 
roughly circular about the centre immediately below the point of 
maximum radiation, and should extend well outside the outer stay 
anchorages. To these dimensions an allowance must be added for 
boundary fencing. 

High-frequency Transmitters 

At frequencies between 3 and 30 3lc/s the ground wavo is rapidly 
attenuated by losses in the soil. Radiation projected at sufficiently 
high angles to clear the ground contours suffers little attenuation. 
and is reflected alternately back to earth from the ionosphere and up-
wards from the ground in a succes:-...in of skips. For long-range work. 
aerial arrays are desij-ed to direct the enerrty at low angles to the 
horizon, the aim beleg to bridge the distance e ..cen stations with a 
minimum number of skips. The site and ,,eighbourhood should. 
therefore, be devoid of hills and trees which would subtend an angle 
greater than about 5' at the centre. 
The site area is determined by the number and disposition of the 

aerial arrays. Arrays should be laid out as close as practicable to the 
station building, and the feeder runs made short and direct to minimize 
transfer losses. Since attenuation in the feeders increases with fre-
quency, those arrays excited at the highest frequencies should be nearest 
the building. To avoid distortion of the radiation patterns, the arrays 
mast be disposed in such a way that they do not obstruct each other's 
line-of fire. Broadsi-le a erays can adjoin each ether, so that a common 
mast supports adjacent arrays, provided their lines-of-fire do not con-
verge unduly. Rhombic aerials and in-line arrays should have a separa-
tion of at least one wavelength. 

V .H.F. Stations 

Transmission at frequencies above 30 31c/s is propagated mainly by 
the direct ray. Normally, the sky wave is not reflected back by the 
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RAY PATH 

Fie. 32.—VISUAL RANGE OF 
V.H.F RAY. .t_ 

ionosphere as it is at lower frequencies. Radiation at angles below the 
line of sight is attenuated by surface obstructions along the ground 
and by re-radiation from structures in the path. The closer free-space 
propagation conditions con be approached, the less will be the attenua-
tion and radiated power required to produce a given signal intehsity. 
For these reasons V.H.F. transmitters and receivers are sited in elevated 
positions above the surrounding terrain, preferably outside built-up 
areas, and commanding as nearly as possible a clear optical path. 
Contour maps of the service area are a valuable aid in selecting a site, 
which can then be checked by surveying the area and taking field-
stietigth measurements with a mobile transmitter. 

V.H.F. aerials are much more compact than high-frequency arrays, 
and occupy a smaller area of land. The area is determned by the base 
dimensions of the mast or tower, the station building and the access 
road. Aerials are erected on light stayed masts or self-supporting 
towers, usually not more than 100 ft. high. To reduce the length of 
feeders, towers are commonly built astride the building or closely 
adjoining it. 

V.H.F. Route Planning • 

The route for a V.H.F. link or chain of stations is planned by prepar-
ing a contour elevation similar to that shown in Fig. 33 (a) or (b) and 
inserting the ray path. The contours are represented either by refer-
ence to the curved surface of the earth drawn to a convenient scale, 
with the ray path straight, as in (a) or to an imaginary flat earth, with 
the ray path curved to correspond, as in (b). An advantage of the 
flat-earth method of representation is that the contours can be drawn 
from an ordinary contour map showing heights above sea-level, and the 
path for the line-of-sight ray and the refracted ray inserted on the same 
elevation. 
The linear distance to the visible horizon varies as Vght of the 

observer's eye above ground level. If the aerials at either end of the 
link are raised to heights h, and h2 as in Fig. 32 above ground level, the 
maximum visual range is given by the sum of the horizon distances 
dl and d, from each end, and 

d= 

= OVA.' Vh2) • . (1) 

If the distanes are measured in kilometres and the heights in metres, 
it can be shown from simple plane geometry that the constant c = 3.55. 
Atmospheric refraction, however, causes .the ray path to curve in the 

same direction as the earth's curvature, and extends the range beyond 
the visible limit. To simplify calculation and representation of the 
ray path, the path is assumed to remain straight and the eatth's radius 
is imagined to increase by about one-third to correspond. Taking re-
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Fro. 33.—CONTOUR ELEVATIONS Fon V.E.F. COMMUNICATION LINKS. 

(a) Ray path represented to curved earth base. (b) Ray path represented to flat 
earth base. Scales are exaggerated for clarity. 

fraction into account, the distance is thus increased about ‘/¡ times, 
and c = 4.13 approximately. 
On a curved-earth basis, as illustrated in Fig. 33 (a), the height of the 

earth's curvature at any point distant d1 from one end of the path can 
be calculated from the expression 

h, = (al — di)/ct • . (2) 

where c = 3.55. 
The curved base line is established by calculating the heights of 

curvature at several convenient distances, the distances being measured 
horizontally, not along the curve, and the heights measured vertically, 
not radially. Since V.H.F. links do not usually exceed 50 km., 
suitable horizontal scale would be 1 cm. ---- 2 km. with a vertical scale 
100 or 200 times as large. The terminal elevations and the profile of 
the terrain are then drawn in, and the ray path is represented as a 

straight line. 
Equation ( 2) holds for a uniform surface free from irregularities, 

but a constant clearance height must be added to the calculated results 
to allow for surface irregularities. When the ray path has been inserted, 
any obstructions in the path are apparent, and if the route is unsatis. 
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factory, an alternative site is selected and another contour elevation 
prepared. 

If the flat earth base is used, as in Fig. 33 (b), the surface of the earth 
is represented by a horizontal straight line, with distances marked off to 
scale. The height h, of the curved ray path at any point along the 
earth's surface is calculated for various distances (1' from the higher end 
of the path from 

h, = (d, — di)21c2 . • (3) 

or from the lower end h, = (d, — d1)2/c2. 
The ray path can then be drawn through the points obtained. 
With either method the path of the refracted ray can be calculated 

in the same way from equation ( 2) or ( 3) by putting c = 4.13, and the 
path added on the same elevation. 

Television and Frequency-modulated Broadcast Transmitters 

The first need with a V.H.F. sound or V.H.F. television station is an 
open elevated position. Large cities with concentrated populations 
are most effectively served from a suburban site; extensive regional 
areas with distributed populations from a roughly central site. Height 
is obtained most economically with a hilltop site, but this advantage 
may be offset by difficulty of access, the provision of power and water 
supplies and increased wind c.nd ice -loading of the radiator structure. 
Since the radiator is invariably designed to provide an omnidirectional 
service, the area in the immediate vicinity must be clear of obstructions 
in all directions. The presence of hills or high steel-frame buildings 
near the transmitter or receiver can cause permanent reflections out of 
phase with the direct transmission. These reflections are translated at 
the receiver into a phantom image displaced to the right of the true 
picture, which the directional discrimination of the receiving aerial is 
not sufficiently sharp to eliminate. 
Although calculated estimates of field strength are useful for pre-

dicting roughly the performance at a proposed site, they cannot be 
wholly relied upon, because of the complex effects of varying ground 
contours. They must be supplemented by a survey of the region and 
field-strength measurements taken by setting up a mobile test trans-
mitter. 
The area of land required is governed chiefly by the space occupied 

by the mast or tower and the building. For a stayed mast a circular 
area having a minimum radius from centre to outer stay anchorages of 
60-70 per cent of the height is necessary. A self-supporting square 
tower has a base area with sides 10-15 per cent of the height. In 
elevated positions, where high winds are encountered, a liberal safety 
factor must be allowed for these structures. Firm soil and solid 
foundations are particularly important, and special attention must be 
given to the protection of towers and buildings against lightning. 

Receiving Stations 

The site characteristics for satisfactory reception are the same as for 
transmission. Briefly summarized, these are: 
Medium-frequency Reception .—Flat open ground, at least level with 

the distant terrain. Coed soil conductivity. Freedom from screening 
by local buildings and other structures. 
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High-frequency Reception.—Flat ground clear of surrounding hills, 
densely wooded and built-up areas. Good soil conductivity is less 
important for sky-wave reception. 

V.H.F. Reception.—Site area sufficiently elevated above surround-
ings to give a clear line-of-sight path in the direction of the transmitter 
with a preference "or a downward slope facing the transmitter to diN:ert 
undesirable ground reflections out of phase with the direct ray. 

Television and Frequency-modulated Broadcasting.—A position above 
sin blinding trees, ground contours and buildings, away from busy 
motoring roads and remote from high hills and metallic structures 
likely to produce phantom images by reflection. 
Of importance in reception at all frequencies is freedom from in-

ternal and external electrical interference. Internal disturbances 
are produced by motors, generators, mercury-arc rectifiers, engine 
ignition systems and switchgear installed in the station. These, are 
readily eliminated by fitting appropriate suppressors at each source of 
interference. External interference over the whole radio-frequency 
spectrum can originate in high-voltage transmission lines, electric 
railways and trolley-bus systems. Unsuppressed ignition systems in 
motor vehicles are mainly troublesome on the V.H.F. bands and to 
some extent on the high-frequency bands. Sites for all types of service 
should be situated in open country at least 300 yd. from overhead 
transmission lines, electric railways and primary roads. Power and 
communication lines entering the site should be buried for a similar 
distance from the aerials. 

W. E. P. 
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In order to convey energy in the form of electro-magnetic waves ot 
high frequency from one place to another it is possible to : 

(a) Radiate the energy, perhaps directionally. 
(b) Guide the wave by using, generally, some metallic structure 

such as a hollow waveguide, or a surface waveguide, or by guiding 
the energy as a transverse electromagnetic wave by a pair of 
metallic conductors. This last technique finds application at all 
frequencies up to about 10,000 Mc is, and is the method which will 
be considered here. 

Qualitative Considerations 
To appreciate the basic requirements of a transmission line comprising 

two conductors, consider first the case of energy transfer in the form of 
D.C. Here, under steady state conditions, it is well known that: 

(a) the only characteristic of the transmission line which is of 
interest is its total resistance, which should be small compared with 

load resistance; 
(b) maximum energy transfer to the load will occur when the 

load resistance is equal to the internal resistance of the generator 
(strictly speaking plus the resistance of the line). 

Considering now the case where A.C. is flowing in the line, as the 
frequency is increased, it becomes necessary to take into account both 
the capacitance between the two conductors and also their self-
inductance. At sufficiently high frequencies the inductance and capaci-
tance of the line influence the transmission considerably, and under these 
conditions the input impedance of an infinitely long, uniformly con-
structed line is not infinity but a pure resistance of numerical value 

(L/C), and known as the characteristic impedance, Z„ of the line, 
where L = self-inductance of line, henrys/unit length, and C = 
capacitance of line, farads/unit length. 

The Need for Impedance Matching 
By analogy with the D.C. case considered above, maximum energy 

transfer will occur when the generator supplies a load of resistance equal 
to the generator output resistance. This condition would be fulfilled 
by, for example, an oscillator of 70 ohms output resistance feeding an 
infinitely long transmission line of 70 ohms characteristic impedance. 
Conditions would br unaltered by feeding instead a finite length of line 
terminated in a 76 ahrn resistive load, say a resonant dipole aerial of 
70 ohms radiation resistance. 

Reflection of Energy in Mismatched Systems 
Physically, the effect of a change in impedance in a transmission-line 

system is to produce partial reflection of the electromagnetic wave, an 
1 2-2 
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hence a reduction in the energy absorbed by the load. A perfectly 
matçhed system is one in which the transmitted wave leaves the 
generator and arrives at, and is absorbed by, the load with no na 
reflection. It will be seen later when matching methods are con-
sidered that it is possible to convert a mismatched system to a matched 
one by arranging to add further reflections to cancel those already 
existing. 

PRACTICAL TRANSMISSION LINES 

Two general fundamental requirements may be stated as follows: 

(1) The transmission line must be a uniform structure with the 
properties constant along its length. This becomes increasingly 
important at the higher frequencies and for electrically long lines, 
particularly in such applications as television transmission, where 
multiple internal reflections due to changes of characteristic 
impedance along the length of the line may produce picture dis-
tortion or even loss of energy Lansfer. 

(2) The energy absorbed by the line should be small. Some loss 
is inevitable, due to the resistance of the conductors and the power 
factor of the dielectric separating them, but the loss may be made 
small by using highly conducting metals such as copper and 
aluminium, and low-loss, low-pormittivity dielectrics such as 
polyethylene (polythene), polystyrene, or, better still, air. The 
line must be of adequate size to carry the requisite power without 
overheating. 

Balanced (Twin) Line 

The simplest form of practical line comprises two parallel con-
ducting wires, held at a constant spacing by suitable means. A 
convenient cable construction of this form comprises two conductors 
embedded in a flat extruded ribbon of polythene. Such cables, are 
used on systems the terminals of which are • balanced with respect to 
earth ( e.g., dipole aerials). 

Unbalanced (Co-axial) Lines 

If the balanced line is imagined to be rotated about one conductor 
the result is a co-axial system, which is essentially unbalanced with 
respect to earth. A simple example would be a single copper wire, 
covered with an extruded cylindrical coating of polythene and enclosed 
within a tube of aluminium. 

Developments from Simplest Design 

From the two basic constructions described have developed a wide 
rango of cables with some- zhat modified forms. The changes have 
been made chiefly to accomplish one or more of the following: 

Increased Flexibility.—Mechanical flexibility can be increased by 
using stranded or braided conductors instead of solid wires or tubes. 
Alternatively, metal tapes applied helically with a long lay, have been 
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used. In general, thick conductors are unnecessary, since the depth of 
penetration of the current at high frequencies is very small. 

Reduced Loot:ea.—The losses associated with a simple solid-polythene-
insulated co-axial cable can be reduced by replacing part of the poly-
thene by air. Various forms of such " semi-air-spaced " cables have 
been used, one form being made by spiralling a polythene thread around 
a copper wire, enclosing this structure in an extruded polythene tube 
and finally applying a braided copper outer conductor and protective 
jacket of polyvinyl chloride (P.V.C.). Another construction which has 
been widely used is the air-spaced construction, in which the centre 
conductor of a co-axial cable is located by discs, of say, polystyrene or 
polythene, situated at intervals along the cable length. Cellular 
polythene is also used widely, being moro econdmical than " semi-air-
spaced " cables. 
High Electrical Uniformity.—For an increasing number of applica-

tions, particularly at the higher frequencies, cables with a high standard 
.of electrical uniformity are required. In a non-uniform cable random, 
and also perhaps periodic, variations of dimensions occur along the 
fength, with the result that the characteristic impedance also varies 
along the length. This results in a series of impedance mismatches 
within the cable, with consequent multiple reflection of the electro-
magnetic wave. The effect is to make the input impedance of the cable 
vary with frequency, and to cause distortion of a transmitted pulse, 
since the main Signal is followed by a train of echoes. For ordinary 
purposes the effects of non-uniformities introduced by standard manu-
facturing technique are not serious, but for special applications high-
uniformity cables can be obtained. The problem becomes more serious 
for the larger, lower-loss cables (such as medium-power television-
transmitter cables) in which the unwanted reflected waves are not 
attenuated 90 rapidly. Suitable cables with a high degree of uniformit3 
are available, however, such as the helical membrane cable, in which 
the inner conductor of a co-axial system is located by a helical web of 
polythene. 

CABLE CHARACTERISTICS 

Primary Constants 

, A perfect transmission line would have only two primary constants, 
inductance, L, and capacitance, C, both expressed per unit length. In 
addition, a practical line has two further primary constants, namely 
resistance, R, and leakance, GI, per unit length; these aro the quantities 
associated with losses in the conductors and dielectric respectively. 

Characteristic Impedance 

The characteristic impedance Z, is the ratio of voltage to current at 
any position in a cable sufficiently long for reflections from the far end 
to be negligible, and also in a short cable terminated by an impedance 
equal to Zo. It is substantially a pure resistance at high frequencies, 
and is given by 

where 

Z, V(LIC) ohms . • ( 1) 

L is in henrys ¡unit length; 
C is in farads/un't length. 
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The more general formula for Z5, which holds at all frequencies is 

Zo = %/[(R jwL)I(0 jcuC)] (2) 

where R is in ohms/unit length; 
is in ohms/unit length (and-is normally negligible compared 
with caC); 
= 2rf; 

f = frequency in cis; 
j = 

At frequencies whore R is not negligible compared with eaL, therefore, 
Z, is greater in magnitude and has a negative reactive component. 

For nearly all cases the simple formula is sufficiently accurate above 
1 Mc/s. 

Attenuation 

The attenuation constant is a measui on a logarithmic scale, of the 
energy loss in a cable, and ma:- be measured in nepers/unit length or 
decibels/unit length. In terms of input and output powers P, and P 2, 

or of input and output voltages V1 al ci V2, the attenuation of length, /, 
of line is 

= f log,.(1712P ) = log, ( vs) nepers 

or 
al -=- 10 log„ (.15:) = 20 log„ (p. ) decibels 

(1 neper = 8.686 db.) 

The forms of the equations involving voltage ratios are only valid if the 
input and output impedances are equal. 
Two terms contribute to the attenuation, one arising from resistive 

losses in the conductors, and the other from losses in the dielectric. 
At high frequencies' the attenuation constant is given by 

4•24(R /Z0 GZ0) db/unit length . (4) 

• (3) 
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Phase Constant 

The phase constant is a measure of the progressive retardation of 
phase along a cable. It may be expressed as 

p = 2-/A radians/unit length • (5) 

where A is the wavelength in the cable. 

Veloe'y of Propagation 

In free space electromagnetic waves are propagated with velocity 
C 3 x 10, metres/see. In a cable, however, the velocity, y, is less, 
which means that for a given frequency the wavelength, A, in the cable 
is less than the corresponding wavelength, 4, in free space. A con-
venient measure of the velocity of propagation in a cable is the velocity 
ratio or wavelength ratio, 

v/c = X/Ao = 1/./e • • • (6) 

where e is the effective permittivity * of the dielectric. The last 
expression is only valid at high frequencies in normal cables, for which 
the phase constant, velocity and wavelength depend only on the 
frequency and dielectric constant, and does not hold for helically wound 
delay lines. 
The velocity of propagation at high frequencies can also be expressed 

in terms of L and C, the time taken for a wave to travel along the cable 
being 

fï seconds/unit length . • (7) 

General Expression for the Propagation Constant 

The general formula, in vector form, for the propagation constant 
j 13 per unit length, where j = V( — 1), is 

a + jp = vuR i.L).(o j.c)i (8) 

As in the case of the general formula for Z„, this formula must be used 
at the lower frequencies when R is not negligible compered with ad,. 
The simple equations (4), (6) and (7) are derived from equation (8) by 
assuming that R is small compared with ceL and G small compared 
with (.0C. 

VARIATION OF CHARACTERISTICS WITH FREQUENCY 

Primary Constants 

Resistance, R.—nigh-frequency currents are largely confined to the 
suriace of a conductor, increasingly so as the frequency rises. An 
increase of resistance with frequency is therefore to be expected, and at 
high frequencies R rises as the square root of the frequency. 

Inductance, L.—If the currents flowing are largely confined to the 

• Where permittivity is mentioned, it is the permittivity relativo to free 
space, or dielectric constant, which is meant, 
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conductor surfaces the inductance is only associated with the dielectric 
space between the conductors. L is therefore constant at high fre-
quencies. As lower frequencies are approached (say about 1-0.1 31c/s, 
depending on the conductivity and diameter of the conductors) the 
currents begin to penetrate more deeply into the metal, and the in-
ductance rises, reaching a limiting value at zero frequency when the 
currents are' distributed uniformly over the cross-sections of the 
conductors. 

Capitance, C.—This is constant over the entire frequency band, 
provided, as is the case with polythene, that the dielectric permittivity, 
e, does not alter. For polythene, the value of e is 2.3. 

Leakance, G.—This increases as the product of frequency and power 
factor of the dielectric. For polythene, the power factor varies only 
slowly with frequency, and may be taken for most purposes as 3 x 10-4; 
for polythene cables, therefore, the leakance increases directly as 
frequency. The contribution of leakance to the attenuation of a cable 
is independent of the cable sizó, and this means that dielectric loss is 
more important in larger-size cables, where the conductor losses are 
smaller. 

Secondary Constants 

Characteristic Impedance.—For a uniform line Z, is constant at high 
frequencies, but at lower frequencies rises due to increase of inductance, 
and becomes partly reactive. 

Attenuation.—That part of the attenuation due to conductor loss 
increases with the conductor resistance, te., at high frequencies as the 
square root of frequency. The contribution of the dielectric increases 
as the leakance, and so directly as the frequency. 

Phase Constant and Velocitv of Propagation.—The phase constant 
increases uniformly with frequency at high frequencies, when the 
velocity of propagation is independent of frequency. At lower fre-
quencies the velocity falls and the phi le constant va-ies less rapidly 
with frequency than at high frequencies. 

CALCULATION OF CHARACTERISTICS OF CO-AXIAL AND 
BALANCED CABLES 

Co-axial Cables 

For a co-axial cable with solid or tubular non-magnetic conductors 
put: 

d = external diameter of inner conductor, inches; 
D = inteenal diameter of outer conductor, inches; 
Pi = resistivity of inner conductor, microhm-cm.; 
Po = resistivity of outer conductor, microhm-cm.; 
e = effective dielectric constant of insulator; 
p = power factor (strictly loss tangent) of insulator. 

Then at high frequencies : 

L = 14-04 log„ (Did) µ}1/100 ft. . (9) 
C = 7.365e/log„ (Did) pF/ft. . (10) 

Zo = ( 138.1/Ve) log„ (Did) ohms . . . . (11) 
--. 0.330 x 1 CO Vf(Vpild/p5/D)/Z0 db/100 ft. ( 12). 
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where a, is the part of the attenuation constant duo to loss, in the 
conductors, and fis the frequency in c/s. 
For a seven-strand inner conductor (Did) should be replaced by 

(D/0.939d), and the first term Vp,/d in a, should be multiplied by 1.25 
to allow for the increased resistance. For a braided copper outer con-
ductor of long lay, the second term .VpolD in ce, should be approximately 
doubled. The part ad of the attenuation constant due to losses in the 
dielectric is given by : 

ad = 2.77 x l'• ,fp V dbj100 ft.. . (13) 

and is independent of the size and construction pf the conductors. 

Screened Twin Cables 

The following approximate formulre apply at high frequencies to two 
small circular conductors symmetrically placed in a circular tubular 
screen, with: 

d = external diameter of conductors. inches; 
D = axial separation of conductors, inches; 
D, = internal diameter of screen, incl c•:s 
p = resistivity of conductors, mierolim-em.; 
p. = resistivity of screen, microhni-ern.; 
g = dI2D; 
h = DID,. 

L = 28-07 log10 — /0 )/9(1 + h2)] /411/100 ft. (14) 

C = 3-Me/log," [(1 — 1. )/g(1 le)] pF /ft. . (15) 

Zo = (276.1/Vs) logo  [( 1 — 112)/g(1 le)] ohms . . . (16) 

ccie= 0.660 x 10-4 N/f(Vp,/d 4- 4h2 /p.!(1 — kt)D.)1Z0 db / 100 ft. (17) 

To obtain the total attenuation constant, the part duo to dielectric 
loss, ad as given for co-axial cables, has to be added to a,. 

Similar changes as in the previous section should be.rnade to allow for 
seven-strand conductors, in which case g = 0.47 clID, where d is the 
overall conductor diameter. For flexible twin cables, however, in which 
the screen- is formed by a helically applied foil or metallized paper 
supported by a metallic braid, considerable caution is necessary in 
_estimating the loss in the screen and the corresponding contribution to 
the attenuation. 

CHOICE OF CABLE 

This section is intended to draw atti Ition to some of the important 
cable characteristics which should be considered so that the inost 
suitable type can be chosen for a particular purpose. 

Mechanical Properties 

The most obvious characteristics are the overall dianniter and the 
flexibility, the latter usually being quoted in the form of a minimum 
bending radius. In some cases the tensile strength may be important, 
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FIG. 2.- 150-oui (right) AND Two 300-0/1M BALANCED TWIN FEEDERS. 
(The Telegraph Canstruetion and Maintenance Co. Ltd.) 

particularly of the inner conductor in certain small semi-air-spaced 
cables. The protective sheath should be chosen according to the risk 
of mechanical damage or corrosion. 

Electrical Properties 

The first choice here is that of characteristic impedance, and whether 
the cable shall be balanced or unbalanced. Preferred standard values 
of Zo are 75 end 50 ohms for the majority of co-axial cables. The 
choice between balanced and unbalcriced may be decided by the terminal 
equipment, but may be influenced b: the degree of screening required. 
Particularly at the lower frequencies here may be advantages in using 
a balanced cable to reduce the liability of the cable to pick up external 
interference. 
The maximum permissible attenuation per unit length may set a 

minimum limit to the cable size, as may the required power (which the 
cable must carry without overheating) and the maxitnum voltage on 
the line (which voltage the cable must withstand without corona or 
breakdown). It should be noted that if the cable is used mismatched, 
there will be standing waves on the line, and the maximum voltage 
on the line may therefore be greater than either the voltage at the input 
or that at the load. 

Finally, for certain uses (e.g., television-transmitter aerial feeders) it 
is important that the cable should be constructed to particularly high 
standards of mechanical and electrical uniformity. 

Examples of Cables Suitable for Particular Applications 

Domestic Television.—For the purpose of connecting television aerials 
to receivers a range of small cables is available which includes balanced 

FIG. 3.—CUT-AWAY VIEW OF A HELICAL MEMBRANE CABLE. 

The Telegraph Construction and Maintenance Co. Ltd.) 
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FIG. 4.—A HELICALLY WOUND DELAY CABLE. 
(The Telegraph Construction and Maintenance Co. Ltd.) 

and co-axial types, aostly about 0-25 in. diameter, with 50-80 ohms 
impedance and attenuations at 100 Mc /s from about 2.5 to 7-5 db/100 ft. 
Amateur Radio.—A popular cable for this purpose is the balanced, 

unscreened, " ribbon " feeder, of 300 ohms impedance, or the equivalent 
tubular cable which has more stable characteristics under bad-weather 
conditions. The attenuation at 100 Mc/s is about 1-4 db / 100 ft. 

Television Relay.—Special screened quad cables have been developed 
.for this application, so that more than one circuit is available on the 
cable. Alurniniurn-sheathed co-axial cables have also been used in 
certain cases, and where a long cable from an aerial to a distribution 
area is required a high-uniformity, low-attenuation co-axial cable of the 
helical-membrane type would be a good choice. 
Medium-powér Television Transmitters.—For this purpose special 

high-uniformity aluminium-sheathed co-axial cables have been used. 
A typical cable would have a diameter of about 11 in., attenuation 
approximately 0-3 db / 100 ft. at 100 Mc's, and would he capable of 
carrying at the same frequency a mean power of several kilowatts. 

Delay Cables and High-attenuation Cables 
A specialized cable type which finds application in, for example, 

pulse-forming circuits, circuits for colour television, and electronic 
computors, is the helically wound delay line. Delay cables have very 
high inductance, produced by winding the inner conductor of a co-axial 
pair in the form of a cylindrical spiral (see Fig. 4). In terms of the 
velocity ratio, v/c, the delay of a signal traversing a length of cable is 
given by 

0.102 /(v/c) microseconds/100 ft. (18) 

At present in this country cables can be obtained with delays of up to 
8-5 microseconds/100 ft 
For purposes where a star.uard nigh attenuation is required, co-axial 

cables with inner conductors formed from high-resistance alloys are 
available. Two such cables have attenuation constants at 100 Mcis 
of 16 and 200 db / 100 ft. respectively. 

IMPEDANCE MATCHING 

The Effects of Mismatching 
As explained in the introductory section, a mismatched system give 

a smaller energy transfer than a matched system, because part of the 
energy is lost by reflection. Moreover, if, for example, a television 
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receiving dipole is connected directly to an unbalanced (co-axial) cable, 
the balance of the dipole is lost and the system becomes more sus-
ceptible to outside interference (since " noise currents induced on the 
outside of the cable screen are fed into the receiver via the aerial). 
Examples of impedance transformation from one value to another, or 
from balanced to unbalanced form, are considered in the following 
sections. 

Impedance Transformers 

These may be divided into two groups: group 1 for systems which are 
either balanced or unbalanced throughout, and group 2 for cases where 
connection between a balanced and an unbalanced circuit is required. 

GROUP 1 TRANSFORMERS 

The Quarter-wave Transformer.—Consider a hypothetical case where 
it is required to match a dipole of 60 ohms radiation resistance to a line 
of characteristic impedance 150 ohms. If the dipole is connected to 
the main feeder by a short length, l, of line of characteristic impedance 
Z„, energy will be reflected both at the junction between the two 
feeders and at the load. It is possible to make the two reflected waves 
cancel, giving a system which is effectively matched, by arranging that 
the two backward waves shall be equal in magnitude and opposite in 
phase. The two waves will be of equal magnitude if 60/4 4/150, 
and will be of opposite phase if one is delayed by half a wavelength with 
respect. to the other. These conditions are fulfilled by making 
Z, -= 95 ohms and 1 equal to one quarter-wavelength. 

In general terms, two resistive impedances R1 and R 2 can be matched 
by a quarter-wavelength of transmission line of characteristic impedance 
equal to VR,Ri. When calculating the quarter-wavelength the 
velocity ratio of the cable must be allowed for, so that 

=. 2950(v ic)/f in. . . (19) 

where f is the frequency in Mc Is. 
Stub Matching.—A more general method for introducing a reflected 

wave to cancel the reflection existing at the load is to introduce near the 
load a short section (" stub ") of line connected across the main feeder. 
Such a stub would normally be short-circuited at the far end, and the 
length of the stub and its distance from the load are chosen so that the 
reflection produced has the required magnitude and phase. 

This method is a general one, and can be used when the impedances 
have reactive components. The method of calculating the lengths and 
spacing of matching stubs is explained in, for example, refe_ence 1. 

GROUP 2 TRANSFORMERS (BALERS). 

The Triple Co-aa:ial Balun.—The use of a quarter-Wavelength of 
double-screened cable connected as in Fig. (a) gives a 1: 1 transformer 
between balanced and unbalanced lines. The quarter-wavelength refers 
to the co-axial formed by the two screens, and the insulation between the 
screens should therefore be polythene rather than P.V.C., since the 
permittivity of the latter is liable to vary with the grade used, and 
furthermore varies with frequency. The presence of the outer co-axial 
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FIG. 5.—BALANCED TO UNBALANCED TRANSFORMERS. 

system, short-circuited at a quarter-wavelength from the junction with 
the balanced circuit, ensures that a very high impedance is presented to 
currents flowing from the balanced circuit to the outside of the screen 
of the main co-axial cable. 
An Alternative Type of 1:1 Balun.—Another form of balun working 

on the same principle uses a balanced short-circuited quarter-wave line. 
This type comprises an extra quarter-wavelength of the co-axial line 

arranged and connected as in Fig. 5 (b). In this case the quarter-wave-
length refers to the balanced line formed by the two screens of the co-
axiale, he velocity of this line being controlled by the composite 
dielectric of sheaths and air between the two screens. 
A 4: 1 Ba/un.—This method is useful for connecting a high-impedance 

balanced load (e.g. folded dipole, open-wire feeder) to a co-axial, Fig. 5 (C). 
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13. WAVEGUIDES 

Introduction 

An electromagnetic wave is said to be guided from one place to 
another if, as the result of Intermediate arrangements, more power is 
delivered than would be possible in free space, under otherwise identical 
conditions. 
Thus all transmission lines are, strictly speaking, waveguides, but by 

common usage the term has come to refer more particularly to some 
form of hollow metal tube, dielectric rod or even a single wire, acting in 
support of a wave (Fig. 1). 

It is important to bear in mind that the energy transmitted always 
travels through the associated dielectric medium, and the guide itself, 
which is generally some form of conductor , then extracts a small pro-
portion of that energy for services rendered en route, in directing the 
flow along the path required. - Air at atmospherip temperature and 
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pressure is capable of carrying as much as 1.000 kW/sq. cm. of cross-
sectional area, so that there is no fundamental difficulty in getting a 
very large power through space if it is guided properly and does not 
suffer heavy losses in the process. 
At low frequencies it is convenient and 'legitimate to regard the pro-

vision of an uninterrupted path through a conductor for the flow of a 
current as the essential requirement for the transmission of electrical 
energy. In that case we know that if the conductor is properly 
,nsulated the current does not leave it, and there is therefore no difficulty 
in directing the transfer of energy which resides in the 'electromagnetic 
field of the adjacent dielectric medium. 
At high frequencies a very different situation arises, because displace-

ment currents • become at least equally important and the current 
streamlines then follow complicated patterns which are not necessarily 
any indication of the way in which energy travels from one point to 
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FIG. 2.—ELECTROMAGNETIC SPECTRUM. 

another. To,get information about the behaviour of a high-frequency 
guide attentipn must therefore be concentrated on the distribution of the 
electromagnetic field in its vicinity. 
Radio waves, as part of the electromagnetic spectrum, include what 

is called the microwave band, extending from about 1-1,000 kMc/s (see 
Fig. 2). When the frequency is raised to very high radio values the 
cross-sectional dimensions of any practical waveguide necessarily 
become comparable witlf the wavelength, and this introduces important 
considerations in providing for the support of the wave. 
The discussion which follows deals particularly with the hollow metal 

tube as a guide for a wave trapped within it and propagated along it 
without serious attenuation. The parallel-wire line, as a familiar 
transmission system, will be used to introduce the subject and to show 
that the tubular form of guide is a logical development at ultra-high 
frequencies. Other forma of guide will be considered only very briefly. 

The Development of a Skeleton Waveguide from Transmission-line 
Elements 

A hollow metal waveguide can be regarded as built up, in the trans-
verse plane, of ordinary transmission-line elements whose length is 
comparable with the wavelength. In pursuing this approach to the 
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FIG. 3.—QUARTER-WAVELENGTH TRANSMISSION LINE 
CHARACTERISTICS. 

problem we are specially interested in the short-circuited quarter-
wavelength parallel-wire line associated with the usual T.E.M. wave, as 
shown in Fig. 3. It is well known that such a line, supporting a standing 
wave, has a high input impedance, which is ' almost purely resistive if 
the losses are small. The voltage and current, or the equivalent trans-
verse electric and magnetic fields, are so distributed along the line that 
one is a maximum when the other is a minimum, making their ratio 
large at the sending end. Thus short-circuited quarter-wavelength 
elements attached transversely to two parallel bus-bars at intervals 
along their length (Fig. 4) should causo no serious disturbance to a 
wave transmitted along the bus-bars. Any number of such quarter-
wavelength elements or stubs can be arranged side by side both above 
and below the bus-bars,. and in this way a skeleton waveguide of rect-
angular cross-section may be built up (Fig. 5). Pointe P, and Pg (see 
Fig. 4) on adjacent stubs equi-distant from the bus-bars will be at the 

-STUBS 

BUS -BARS 

- STUBS 
4 

FIG. 4.— RECTANGULAR GUIDE BUILT UP or TWO PARALLEL BUS-RAKS WITH 
QUARTER-WAVELENGTH STUBS. 
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same potential, and therefore the walls of the guide can be made of 
continuous metal sheet, forming a closed channel without disturbing 
the wave propagated along the inside. In the skeleton waveguide, 
from which this closed channel is derived, the bus-bars must have a 
finite width B, and hence the transverse dimension of the guide in the 
direction of the projecting stubs must be rather greater than half the 
wavelength. It is important to remember that in addition to the longi-
tudinal wave on the bus-bars there is always a transverse standing wave 
on the stubs, so that a resultant field distribution represents, from that 
point of view, a composite wave and takes a new form. If the width of 
the bus-bars were reduced to zero, the wave would be simply reflected 
backwards and forwards across the guide, without making any longi-
tudinal progress at all. This corresponds to the cut-off condition for 
which the wavelength is À,. It follows that an arrangement of this kind 
as a waveguide is only of a convenient size for microwaves. The other 
transverse dimension of the guide is not critical, and provided it is 
sufficiently large to avoid electrical breakdown in the presence of field 
strengths arising under working conditions, no restrictions need be 

DieKtem Of 
Pi0fAC.BON 

FIG. 6.—ELECTRIC FIELD DISTRIBUTION ALONG AN OPEN-WIRE TRANSMISSION 
LINE ENCLOSED BY A/4 INSULATOR FRAMES ABOVE AND BELOW THE LINE. 
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imposed. At a frequency of 3,000 Mc is a guide of internal dimensions 
3 in. x I in. or 2} in. X 1 in. is commonly employed, whilst at 10,000 
Mc /a a guide of 1 in. X if in. is generally regarded as suitable. 
The distribution of the electric and magnetic fields associated with 

wave propagation inside a closed metal channel can be traced without 
difficulty in relation to the equivalent skeleton waveguide. Thus for 
the electrio-field component we must have the usual sinusoidal spatial 
distribution along the length of the bus-bar, with lines of force stretching 
acr(rs from one to the other (Fig. 6). In the transverse plane we must 
necessarily have a standing wave so that the electric field between the 
two parallel wires forming the sides of any one of the stubs falle to zero 
at the short-circuited end. 
To obtain the magnetic field distribution it is convenient in the first 

place to consider a standing wave on the bus-bars as well as on the stubs. 
This results in the two component field patterns being stationary , in 

A9 
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FIG. 7.— MeasEnc AND ELECTRIC FIELD DISTPIBUT ON ALONG AN Or. 
WIRE TRANSMISSION LINE ENCLOSED BY Al4 M USS ABOVE AND BELOW THE 

LINE. STANDING WAVE CONDITION. 

space, and the composite field picture can therefore be more readily 
delineated. For a pure standing wave the transverse component of the 
electric field is a maximum at a point where the transverse component 
of the magnetic geld is zero, and vice-versa. This corresponds with a 
spatial displacement of a quarter wavelength in the direction of props-
, gation between the electric and magnetic field distributions so that 
there is no power flow. Thus in Fig. 7 we have a strong longitudinal 
magnetic field at the ends of stubs situated about mid-way between 
points at which the transverse magnetic field of the standing wave on 
the bus-bars is a maximum. A little consideration shows that the 
resultant magnetic field distribution then consists of a series of loops, 
end to end along the inside of the guide. The magnetic field arising 
from the stubs is entirely longitudinal, since, between adjacent stubs., 
the individual fields cencel one another much in the same way as occurs 
between turns of a closely wound solenoid carrying current (see Fig. 5). 
In a later section we shall consider the case of a longitudinal travelling 
wave on the bus-bars and how the transverse components of the electric 
and magnetic fields are then spatially brought into step with one 
another, without altering their individual configurations. 

It will be observed that the wave which is supported by this hollow 
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metal guide differs from the familiar T.E.M. wave in that there is a 
longitudinal component of the magnetic field in addition to a transverse 
component. All such waveguide moder are characterized by a com-
ponent either of the electric field or of the magnetic field in the direction 
of propagation, and they are therefore deserrbed as E and H types of 
wave respectively. 
The argument, which we have already employed, leading to the con-

struction of a skeleton waveguide, can be extended to include arrange-

DATCHun ut PXOIACATION 
OUT or PANIC 

FIG. 9.—DEVELOPMENT OF A WAVE MODE OF HIGHER ORDER LN A 
RECTANGULAR GUIDE. 
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monts suitable for other wave modes inside hollow metal channels. 
Thus a stub having the required high input impedance can be any odd 
multiple of a quarter-wavelength long, and with the rectangular stub 
this leads to higher-order modes of the same general type as previously 
derived (Figs. 8 and 9). Alternatively, the stubs can be of semi-
circular form giving a field distribution suitable for wave propagation 
along the inside of a cylindrical metal tube (Fig. 10). These are all 
H-type waves, but we shall see later that E-type waves can also be 
propagated in certain cases. 

Electric and Magnetic Field Distributions in Proximity to a 
Metal Surface 

To get a proper understanding of the properties of waves guided by 
metal surfaces it is necessary to take into considerationi the conditions 
that have to be satisfied at the boundary with the surrounding dielectric. 
In the first place let us suppose that the metal is a perfect conductor. 
The electromagnetic field cannot then penetrate the surface (Fig. 11). 
Thus the electric field component, which is supported by a charge on 
the surface, must be entirely normal to it. The magnetic field, on the 
other hand, supported by a current on .the surface, must be entirely 
tangentia/ to it. Consequently, if a tangential component of the electric 
field or a normal component of the magnetic field exists in the dielectric 
remote from the surface, both of these components must fall to zero as 
the surface is approached. 

In general, at a boundary between any two arbitrary media we have 
both normal and tangential components of the electric and magnetic 
fields, designated respectively E„ and E, or H„ and 135, with appropriate 
subscripts to indicate to which side of the boundary reference is made 
(Fig. 12). If the media have permeability and permittivity values of 
Fie, and M2K2, then: 

(i) The normal electric and magnetic flux densities must be con-
tinuous across the boundary so that: 

-="1 K2E, • 

and 1H,,1 = /£21/.2 • 
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In the case of the normal electric field this may be partly sup-
ported by charge on the turface, and therefore 

= K2E'„, q 

where q = charge per unit area; and 
e n, =- normal component of electric force in the second 

medium after passing the charge g. 
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(ii) The tangential electric and magnetic forces must be con-
tinuous over the boundary so that: 

= Er, . (4) 

and H,, = H,, (5) 

In the case of the tangential magnetic force at the surface this 
may be partly supported by a current on the surface and therefore 

= + i • • • • (6) 

where i = current per unit length measured in the direction 
of 11,; and 

H',, = tangential magnetic force in the second medium after 
passing the current i. 

At the boundary of a perfect conductor surrounded by a perfect 
dielectric we have already seen that there can be no tangential com-
ponent of E and no normal component of H. 

Thus E,, E,, = 0 and 11„, = H„, = 

Moreover, since the electromagnetic field does not penetrate the 
surface, the normal electric flux must he supported entirely by charge 
on the surface, whilst the tangential magnetic force must be supported 
entirely by current on the surface. 
Hence we have 

— 0 and Ki.E.1 = g 

with H'i, --- 0 and H,, = i 

The finite conductivity of the metal forming the walls of an actual 
guide makes little difference to our discussion of the way in which the 
field is distributed within the guide, since at these ultra-high frequencies 
the penetration into the metal is, in any circumstances, exceedingly 
small. For our present purpose we shall therefore neglect the effect of 
the resistance of the guide. It is important nevertheless to remember 
that in calculating, for example, the attenuation of a metal guide, the 
tangential component of electric field with the corresponding normal 
component of magnetic field at the surface is of vital consequence. 

The Synthesis of Various Waveguide Modes and Their 
Characteristics 

We have seen that waves capable of support within a closed, metal 
channel can be regarded as derived from the superposition of T.E.M. 
components simultaneously propagated transversely and longitudinally 
on the equivalent skeleton waveguide structure. 

In the transverse plane there must always be a standing wave which, 
being practidally pure, consists of equal and oppositely directed travel-
ling waves, whilst in the longitudinal plane there may be either a single 
outward-bound travelling wave to provide for energy flow in that 
direction or something in the nature of another standing wave. Taking 
the simplest case of a single longitudinal travelling wave from left to 
right and combining this in turn with each of the oppositely directed 
transverse component waves, we get two T.E.M. waves propagated 
diagonally across one another. We should clearly expect such a system 
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to yield a waveguide mode, and that in fact proves to be the case. Thus 
consider two free-space plane waves of the same frequency, each moving 
forward diagonally from left to right with velocity y and having the 
magnetic field in the plane of the paper. Combining these two waves 
together by the usual process of plotting the resultant field distribution 
as shown in Fig. 13, we find magnetic loops in the plane of the paper 

X 
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arranged end to end in layers, whilst there is a concentration of electric 
field perpendicular to the paper at the ends of those loops. This spatial 
coincidence of the maximum values of the transverse electric and 
magnetic field components is in accordance with our assumption of a 
single longitudinal travelling w-avu transmitting power horizontally 
from left to right. The composite wave which arises in the manner 
described is clearly of the H type and of the same form as that already 
deduced for support within a closed channel of rectangular cross-section. 
Since each constituent plane wave is propagated with the same velocity 
at right angles with its own wave front, the resultant composite wave 

pattern moves fdrward without distortion horizontally from left to right. 
In general, the wavelength A, of the composite wave and its pattern 
velocity v„ are both greater than the corresponding quantities A and 
respectively of the constituent plane waves. 
Remembering that a magnetic field adjacent to a conducting surface 

must be tangential with it, whilst an electric field approaches the surface 
at right angles, we can decide very easify where metal plates can be 
introduced into the field without disturbing it. Thus plates may be 
interposed perpendi,cular to the paper in Fig. 14 between any two suc-
cessive layers of magnetic .00ps, and the field on one side of such a plate 
may be removed altogether, leaving the field on the other side to be 
supported by currents in the surface. In this way an H type of wave 
can be trapped between two parallel metal sheets. The extent of the 
field along the other lateral dimension can also be restricted by metal 
plates placed anywhere in the plane of the paper. We are able there-
fore to form a closed metal channel of rectangular cross-section con-
taining within its b dimension (see Fig. 14) an integral number n layers 
of aomplete magnetic loops, an :laving an a dimension of any con-
venient value sufficient to avoid oparkover. In describing this type of 
wave by the letter H we find it convenient to append subscripts, the 
first of which represents the number of half-wavelengtle along the a 
dimension and the second the corresponding number applicable to the 
b dimension. The wave considered is therefore designated an H,„ mode, 
and in the simplest case, for which there is only one layer of magnetic 
loops, we have an H,. mode. 

Referring to Fig. 14 the wavefronts OM and ON of the two constituent 
plane waves move from M to P and from N to P respectively, each with 
velocity v, in the same time as the composite wave moves from 0 to P 
with the velocity ii„. 

Hence v /up = cos 0 (1) 

But v = fA . (2) 

and vp =A • • (3) 

where f = frequency and A = wavelength of the composite wave along 
the guide 

so that .A/A, = cos 0 . (4) 

From the diagram it will also be seen that 

MP -= A/4 OP = 4/4 and PQ = 6/2 

with MP sin 0 r , = A/26 
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and since sins 0 + cost = 1 

we find (Al2b)1 MAW = 1 • 

1 
or 1/ A„& = lf» 

We have already defined the cu off wavelength A. for this H„ mode 
by the relationship b = 4/2. 

"Thus we ha. • 
1/41 = 1/A1 — 1/41 • • • (5) 

Although this expression (5) has been dèrived for a particular wave-
guide mode, it is in fact of general application, and embraces E-type 
waves ea well. From ( 1) and (4) it is clear that, since we must always 
have 0 > 0 to provide for the transverse standing wave, therefore 
y, > y and A, > A. 

For a guide of rectangular cross-section having b = 3 in. and a -= 1 in. 
supporting an Hu wave mode at 3,000 Mc/s we get 

= 26 =-••• 15.2 cm. 

end from (5) A, = 13.3 cm. with 6 = 41° 
Any att^mpt to excite such a guide at a wavelength greater than 

15.2 cm. results in the setting up of an evanescent field which decays 



13-14 

I 2.4 

2.2 

2.0 

O 
1. 8 

F.-• 1.6 

u. 1.4 

I•2 

1-0 

0.8 

P 0.6 
0 
P 0.4 

0.2 

RADIO AND TELEVISION REFERENCE BOOK 

FREQUENCY f 
CUT OFF 

FREQUENCY fc 

PHASE VELOCITY "Up 

GROUP VELOCITY 1./9 

FIG. 15.—PHASE AND GROUP 
VELOCITIES. 

voe, 

very rapidly and exhibits no wave distribution along the length of the 
guide. These evanescent fields find useful application in attenuators. 

Referring again to Fig. 14, the constituent plane waves each have a 
velocity component ty,, along the guide such that 

6,, v COS . • • (6) 

This is the velocity with which energy travels along the guide, and is 
called the group velocity: 

Combining ( 1) and (6), we have 

ye, --- 62 . • (7) 

At cut-off te,, = oo, und a long way from cut-off v,.--->- V. 
Thus te,, is always less than the free-space velocity y, as indeed it must 

be (see Fig. 15). 

H.LINES CURRENT STREAMLINES 
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Eb 

Eb 

It is instructive to trace the distribution of the current streamlines in 
the walls of a guide, remembering that the current always flows at eight 
angles with the adjacent tangential magnetic field. Fig. 16 shows the 
current distribution for an Floi mode in a guide of rectangular section. 

Since the currents diverge from the point S and converge on the 
corresponding point S' on the opposite face of the guide, we should 
expect to accumulate a negative charge at S and a positive charge at S'. 
If the wave pattern remains stationary in space, as when no energy 
flows along the guide, the points S and S' aro fixed relative to the guide, 
and an electric field varying harmonically in time stretches across the 
inside from S' to S. Here we have an axial displacement of a quarter 
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of a guide wavelength between the maxima of the transverse cem-
ponents of the electric and magnetic fields. If, however, the wave 
pattern is moving forward, we must bear in mind that for sinusoidal 
time variations of the field the current and charge are a quarter of a 
period out of step. There is therefore zero charge at S when the current 
flowing away from S is a maximum, but the full charge appears at this 
point, regarded as stationary in space, a quarter of a period later. The 
wave pattern has then travelled forward a distance of 4/4, so that in 
effect the charge appears at the point 0 on the wave pattern. Thus 
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with a pure travelling wave, for which the guide is delivering power, the 
electric field stretches across between O' and 0, and the maxima of 
the transverse components of the electric and magnetic fields coincide 
in space as required. 

Just as H-type waves can be synthesized by the superposition of two 
plane waves moving diagonally across one another, so E-tYpe waves can 
be obtained in much the same way. It is clear that if we turn each of 
the constituent waves of Fig. 13 through a right angle so that the 
electric field lies in the plane of the paper, an exactly similar composite 
field diagram is derived but consisting of loops of electric force end to 
end in successive layers.(see Fig. 17). 



13-18 RADIO AND TELEVISION REFERENCE BOOK 

MEDIUM 2 
PERMEABILITY}t2 
PERMITTIVITY K2 

MEDIUM I 
PERMEABILITY pi 
PERMITTIVITY K 

`1,  

1 
MEDIUM 2 

PERMEABILITY }12 
PERMITTIVITY K2 

FIG. 21.—DIELECTRIC 
WA VEGIIIDE. 

FOR TOTAL INTERNAL REFLECTION B>ec 
WHERE. ec= CRITICAL ANGLE AND FOR 

A PLANE WAVE SIN ec P2 K2  
K 

In this case we can insert horizontal metal plates perpendicular to the 
paper so that they bisect the loops and thus trap a self-supporting E-type 
wave between thorn. No plates can be introduced in the plane of the 
paper, and therefore this form of wave cannot be supported in a guide 
of rectangular oross-section. 
The E11 wave mode is the simplest that can be associated with such 

a guide (see Fig. 18). 
It is not difficult to establish according to the principles enunciated 

a variety of wave modes appropriate to guides of rectangular or circular 
cross-section as shown in Figs. 19 and 20. All these wave modes clearly 
satisfy the essential boundary conditions. The co-axial line is capable, 
when there is sufficient spacing between the inner and outer conductors 
of supporting waveguide modes as well as the familiar T.E.M. form. 
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Dielectric Wavegaides and Single-wire Transmission Lines 

The conception of plane waves reflected between the top and bottom 
of a hollow rectangular metal guide as the basis of propagation in that 
ease suggests that a rod of solid dielectric in air without any surrounding 
conductor mie, by reason of the phenomenon of total internal reflec-
tion, be induced to behave in much the same way (Fig. 21). If a wave 
travelling in a dense dielectric strikes the boundary of a less-dense 
dielectric at an angle of incidence greater than a certain critical value 8‘. 
then ideally all the energy is reflected. As with hollow metal wave-
guides there is for the solid dielectric rod of given thickness a.minimum 
frequency at which such a condition can exist. The losses in even the 
best solid dielectrics are considerable, and therefore guides made 
exclusively of these materials are limited to short lengths only. 

Electromagnetic waves of the E type can quite easily be made to 
travel along the outside of a single conductor, such as a small copper 
wire (see Fig. 22). If the conductor is straight, no radiation of energy 
takes place outwards into the surrounding space, so that the conductor 
acts as an effective waveguide between transmitter and receiver. 
There is no cut-off frequency, but below the microwave band the field 
tends to spread a long way from the conductor unless special arrange-
ments are used to avoid this. Although radiation at bends is a serious 
problem, the device is likely to find some useful applications. 

CL 02 
LU 

Ho2 
-J 
CID 0.0! 
0 
O 

— 0 005 

u 

0.002 

0.001 

2 N109 5 x 10° le° 2K 10' 3X robe 

FREQUENCY IN CYCLES PER SEC. 

RIG. 2 3.—ATTENTIATION IN AN AIR-FILLED RECTANGULAR COPPER 
GUIDE 2 IN. X IN. 

I O. 



13-jo RADIO AND TELEVISION REFERENCE BOOK 

• 0-05 
u-

Ui 
cc 
0-

• 0.02 

0 

rf') 
Z 0.01 

O 

0.005 

«IC 

0.002 

000I2 109 5,009 I 2x10 5x10' 

FREQUENCY IN CYCLES PER SEC. 

24.—ATTENUATIO' IN AN AIR-FILLED CYLINDRD'A I. COPPER 
Crl.)E OF '2 IN. DIAMETER. 

Attenuation in Waveguides 

Figs. 23 and 24 show typical curves of attenuation in guides of 
rectangular and circular cross-section respectively. It is interesting 
to observe that the H01 modo in a circular-section guide has a unique 
characteristic showing a progressively decreasing attenuation with 
increase of frequency. This may lead to the use of that wave mode 
for trunk communication purposes. 
At 3,000 Mc/s a good cabJe has an attenuation of the order of 0.5 db! 

metre, whereas a hollow metal waveguide may have an attenuation as 
small as 0-025 db/metre. 

Dielectric guides are little better than high-frequency cables, and 
much less adaptable. 
The single-wire line would normally have an attenuation of the same 

order as that of the equivalent hollow metal waveguide. 
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14. BROADCASTING RECEIVERS 

This section deals mainly with design trends in sound broadcasiing 
recei i'ers since the end of the Second World War in 194,5. A review of 
the general features of post-war designs, with tabulated information 
on receiver classification for United Kingdom and export models, is 
followed by notes on the more important developments in particular 
cumponents. Modern circuitry is analysed, stage by stage, and com-
plete circuits of a number of typical models are provided. Except 
where otherwise stated, only British practices are covered. 

GENERAL FEATURES OF POST-WAR DESIGN 

Reliability 
There was been e constant striving to improve reliability on the part 

of set manufacturers and component manufacturers alike. The 
improvements have been more market in the export than the home 
field, because tropical climates necessitate much greater attention to this 
subject. Improvements in the reliability of i tdividual components 
are discussed later. Reliability, however, also depends on careful 
choice of the most suitable components and materials by the set manu-
facturer and on the way they are used. The following are examples of 
this : 

(1) Capacitors are liable to breakdown or to cause trouble 
through developing too low an insulation resistance unless chosen 
with care. For example, the chassis/earth capacitor in a live-
chassis receiver must be capable of continuous operation at the 
A.C. mains voltage. Similarly, a capacitor eoupling the anode of 
one valve to the grid of the next can cause a damaging positive 
voltage to appear on the grid if its insulation resistance ever falls 
too low. 

(2) Resistors must be chosen so that their wattage ratings are 
not exceeded, care being taken to relate these to the ambient 
temperature. If a resistor's ambient temperature is unusually 
high, the normal wattage rating will be too high a figure to take: 
neglect of this precaution may lead to premature failure. 

(3) Other components that may suffer through insufficient 
attention to the effects of heat are electrolytic capacitors, metal 
rectifiers, mains transformers, and even valves, which although 
designed to run hot, need adequate ventilation, especially power 
valves and rectifiers. 

(4) The set's performance may suffer due to the effects of heat on 
the oscillator-circuit components and intermediate-frequency 
transformers, causing frequency drift and necessitating irksome 
re-tuning of the receiver at intervals as the set warms up. Apart 
from attention to ventilation, spacing with respect to very hot 
components, and careful choice of material for coil formers and 
switch insulation, etc., drift may be reduced by the uso of negative 
temperature coefficient capacitors. 

14-2 
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Ventilation 

Adequate ventilation is aided by measures such as the. following : 

(a) Holes in the chassis around components such as valves or 
transformers, and air ingress to the under-chassis space via slots 
in the cabinet bottom or the bottom of the back. 

(b) The production of a " chimney effect " by allowing air ingrese 
only near the bottom and egress only near the top of the cabinet. 

(c) Shields for preventing the heating by hot bodies of those which 
must be kept cool. 

(d) Heat deflectors, e.g., for preventing the cabinet roof from 
becoming too hot. 

(e) The provision of cooling fins or other large cooling surfaces in 
contact with components whose temperature must be kept low. 

Climatic Considerations 

All components and materials must be chosen so as to withstand the 
rigours of the climate in the regions where the sets will be used. For 
export sets this generally means withstanding tropical conditions, 
although not usually so severe as for Service equipment. Even in 
Britain there are areas where the relative humidity may be very high 
for days on end, and the protection needed against moisture ingress 
from this cause is not far short of that required for tropical areas. 
For test purposes, satisfactory figures to take for maximum room 

temperatures are 30° C. for home sets and 45° C. for tropical export sets. 
Humidity tests are more complicated, and the reader is referred to 
Specification R.I.C. 11 or to British Standard Specification B.S. 2011 
for complete details, including information about various destructive 
atmospheres and mould growths. 

Economy 

There has been a constant striving to bring prices down without 
appreciably reducing performance standards. 
Examples of circuit practices which assist in economy are described 

later, and include: 

(1) Resistance-capacitance smoothing, with or without hum. 
cancellation circuits, in order to eliminate expensive smoothing 
chokes. This has been facilitated by new techniques in electrolytic 
capacitor manufactdre enabling, much larger capacitances to be 
contained in existing or even smaller sizes of can. 

(2) The omission of automatic bias resistors with their attendant 
by-pass capacitors from the cathode circuits of frequency-changer 
valves and amplifier valves. 

(3) The omission of the by-pass capacitors from the audio. 
frequency amplifier and output valve cathode resistors. 

(4) The use of a mains auto-transformer. This may be made 
considerably smaller than a double-wound transformer doing thP 
same job. This is because of the opposition of primary current 
and secondary H.T. current in the main winding (and secondary 
heater current if series-heater valves are used). It brings, however, 
the disadvantage of a " live " chassis, or of a live cathode line if an 
isolated chassis is still preferred. 
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The money saved by an auto-transformer is negligible, however, 
if a mains filter, an earth terminal and pick-up sockets are fitted. 
This somewhat surprising result is due to the cost of the mains 
filter, the isolating capacitor for the earth terminal, three isolating 
capacitors plus a resistor for the pick-up sockets and other extra 
items needed as a result of live-chassis or live bus-bar technique. 
These include : a current-limiting resistor for the rectifier valve; 
a. by-pass capacitor for the rectifier valve to prevent modulation 
sum ; and the aerial isolating capacitor. 
Apart from economic considerations, the mains auto-transformer 

is very useful in a small receiver, where the production of heat in 
voltage-dropping resistors would be troublesome, provided that 
operation on D.C. mains is not required; for example, in a small 
mains or mains/battery receiver in a thermoplastic cabinet. 

Improved designs have reduced the intrinsic cost of somo com-
ponents. Several also contribute to overall economy because their 
reduced size results in smaller chassis, and, if desired, smaller cabinets. 
Examples of these are valves, ganged variable capacitors, intermediate-
frequency transformers and electrolytic capacitors. 

Size of Chassis and of Receivers 

The reduction in the sizes of components has permitted the use of 
smaller, lighter, chassis. This in turn has meant that very small receivers 
can be made, and, even where for acoustic or appearance reasons a 
larger cabinet is desired, the chassis may occupy but a small portion of 
the total volume of the cabinet. 

Small receivers which may be mains operated, battery operated or 
mains/battery operated have become increasingly important. The 
smallest set, however, is the " personal portable ', fitted with carrying 
handle and weighing only four pounds or so including batteries. The 
components mainly responsible for this are tbe layer-built H.T. battery 
and the miniature 1-4-volt filament valve with B7G (seven-pin) base. 
A further considerable reduction in the size and weight of the filament 

battery (or filament portion of a combined battery) has become possible 
by the use of B7G valves having only half the filament wattage of the 
earlier types. Transistor receivers are discussed separately. 

Safety 

There have been determined efforts by manufacturers to improve the 
safety of their receivers during the last few years, and the British 
Standard dealing with this subject (B.S. 415) has recently been revised. 
The following is a brief review of the principles involved in B.S. 415, 

together with examples of practical measures which may be employed. 
The receiver must be so designed and constructed that there is no risk 

of serious electric shock or danger of fire either in normal use or under 
fault conditions, e.g., breakdown of insulation, the accidental touching 
of two metal parts or their bridging by another metal part. 
To ensure this, tests have to be carried out both under normal use 

(including those conditions of mains voltage, receiver signal conditions, 
external connections and control settings most likely to cause trouble) 
and with faults deliberately created, e.g., by short-circuiting insulation, 
unless this is so good that it can be considered completely free from the 
possibility of breakdown. 



TABLE 1.—TYPICAL RECEIVE.R8 EXCLUDING V.H.F./F.M. MODELS (MARKETS, WAVE-RANGES AND POWER SUPPLIES) 

Market Wave-ranges 

Mains Mains/Battery Battery 

A.C. A.C.ID.C. Mains/All-
dry 

Mains/ 
Vibrator 

Britain and ex-
port to Europe 

Long + medium Portable 
Small table 
Medium table 
Console 
Radiogram 

Portable 
Small table 
Medium table 

Portable 

All-dry 

Portable 

Wet L.T.• 
Dry 11.7'.. 

Wet L.T. 
Vibrator 

Small table 
Medium table 

Long -I- medium + 
short 

Small table 
Medium table 
Big table 
Console 
Radiogram 

Small table 
Medium table 
Radiogram 

Portable Portable Small table 
Medium table 

Car-radio 

Car-radio 

Long + medium 
2-4 short 

Medium table 
Big table 
Radiogram 

Medium table 
Big table 
Radiogram 

Long + medium + 
1-3 short + 2-8 
bandspread 

Medium table 
Big table 
Radiogram 

Medium table 
Big table 
Radiogram 

Export outside 
Europe 

Medium or short 

Medium + short or 
2 short 

Portable 
Small table 

Portable 
Small table 

Portable 
Email table 

Portable 
Small table 

Medium table 

Small table 

Car-radio 

Medium table 
Car-radio 

Car-radio 

Small table 

Medium + 2-4 
short 

Small table 
Medium table 
Radiogram 

Small table 
Medium table 

Medium table Small table 
Medium table 

Medium + 1-3 
short + 2-8 
bandspread 

Medium table 
Big table 
Radiogram 

Medium table 
Big table 
Rad:ograro 

Portable Medium teble 

Car-radio 

Medium table 
Car-radio 

Medium table 
Car-radio 

• These batteries are now very rarely used. 

SI
I3
A1
3D
32
1 

D
N
I
I
S
V
D
G
V
0
1
1
9
 



14-6 RADIO AND TELEVISION REFERENCE BOOK 

Practical measures of design and construction include the following 
examples 

(1) The receiver housing should be such that it is impossible to 
bring a finger close to a live part. (" Live " being either uncle,: 
aormal or fault conditions; the revised B.S. 415 describes a 
standard test " finger " of hinged construction, and its use.) 

(2) Adequate clearance and creepage distances should be main-
tained between conductors which are not at substantially the same 

potential. 
(3) Insulating material used in components and in the receiver 

generally should be of good quality. 
(4) The leakage current which can flów to earth from any 

terrninz is accessible to the customer should be so small that no 
more than small harmless shocks occur if the terminals are touched 
or wires connected to them are held. The aerial leakage current 
is a special case, since a man working oil a ladder might lose his 
balance by receiving only a very small shock, and a particularly low 
limit has to be set here. This limit determines the maximum 
value of an aerial-isolating capacitor, and the minimum value of a 
static discharge resistor (see below) if this be connected to a live 
conductor, either direct or through a sufficiently large capacitance. 

(5) The aerial terminal should be provided with a D.C. leakage 
path in order to prevent breakdown of isolating components by the 
accumulation of static charges. 

(8) It should not be possible to touch a live paet with a plug or 
wire when trying to insert or connect it. 

(7) Under normal or fault conditions the temperature of com-
ponents should remain low enough for flames, sustained arcs or 
smouldering not to develop. Current and/or temperature fusee 
may be used to achieve this. It will often be found that more fuses 
than one are required, and great care is necessary in choosing the 
types and ratings of fuses and their positions in the circuit. This 
is because it is easy to choose a current fuse that will-blow when a 
short-circuit develops, but it may be found that this also blows with 
switching-on surges. Examples of surges when switching on are 
those occurring in the primary circuit of a mains transformer, in 
the supply circuit of a rectifier followed by a reservoir capacitor 
(switching on when either cold or warm with a metal rectifier or 
when warm with a valve rectifier), and in the supply circuit of a 
chain of series-run valve heaters (when cold). 

Quality of Reproduction 

Improvements in quality of reproduction have taken place chiefly 
in high-fidelity receivers, the markets for which are in general small 
because of their necessarily high cost and because the receiver and its 
loudspeaker occupy too much apace for the average householder. 

High-fidelity reproduction is discussed in Section 37. 
In ordinary mass-produced domestic-receivers there have been a few 

improvements, however. These include: loudspeakers; pick-ups and 
recordings; negative feedback; compensated volume control; and the 
reduction of cabinet boom. , 
The low-price mass-produced loudspeaker has improved; how this 

effects broadcast receivers is described later. 
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TABLE 2.—TYPICAL RECEIVERS (MISCELLANEOUS -FBA/rut-meal 

Peot•.res 
Portable 

(i.e., with 
Randle) 

Small 
Table 

Medium 
Table 

1 
Big Table 1 Console , 

I 1 

I 

Radiogram 

Car-radio 

Table Floor 
hin. size approx.' . 

ilex. size approx." . 

:labinet material . 

mudspeaker(s). . 

lumber of valves, ex-
. eluding rectifier and 
tuning indicator • . 

elf-contained aerial(s) : 
Home . . . 
Export . . . 
ick-up sockets. . 
hot light,(mains) . 
adio-frequency am-

pliGer: 
Mains . . . 
Battery or mains/ 

bat tery . . 
marate oscillator 
valve (battery or 
mains/battery only) 
ah-pull output . 

21 x 6 x 8 
in. 
7 x 12 x 17 
in. 

Plastic,wood, 
or plastic -1. 
wood, or 
plastic + 
metal 

One, 3-6¡ in. 
(than. 

4-8 

Yes 
Yes o 
No 
Usually 

No 

Sometimes 

Rarely 
Sometimes 

4 x 6 x 9 in. 

7 x 10 x 15 
M. 

Mainly plea- 
tic, some- 
times wood, 
sometimes 
metal 

One, 5-61 In. 
dims. 

3-5 

Usually 
Usually 
Somet imes 
Usually 

No 

No 

Sometimes 
No 

7 x 10 x 15 
in. 

10 x 16 x 22 
in. 

,Mainly wood, 
sometimes 
plastic or 
wood -1- 
plastic 

One, 6h-8 in. 
diam. 

3-5 

Usually 
Sometimes 
Usually 
Yes 

Sometimes 

Sometimes 

Sometimes 
No (except in .i 
battery Betel' 

' 10 x 16 x 22 
in. . 

12 x 19 x 25 
Ii,. 

Mainly wood, 
rarely plas- 
tic 

One or two, 
up to 10 in. 
d iam. 

5-7 

Usually 
Sometimes 
Yes 
Yea 

Yes 

— 

— U 
Usually I 

— 

— 

Mainly wood, 
rarely plas- 
tic 

One or two, 
up to 12 in. 
diam. 

4-7 

Usually 
— 

Yes 
Yes • 

Sometimes 

— 

— 
Sometimes 

— 

— 

Mainly wood, 
sometimes 
wood + 
plastic 

One, 5-8 in. 
diem. 

3-4 

Usually 
Sometimes 

— 
Yes 

No 

— 

— 
No 

— 

— 

Wood 

One or two, 
up to 12 in. 
diam. 

3-8 

Usually 
Sometimes 

— 
Yes 

Sometimes 

— 

—U 
Sometimes 

— 

— 

Metal 

One or two, 
5-63 in: 
diara. 

4-7 

— 
— 

No 
— 

— 

— 

— 
Sometimes 

Approximate sizes are only given as a rough.guide where there may be doubt what is meant by the type-names. 
Elliptical speakers of equivalent size are increasingly used instead of circular ones. 
A tuning indicator may be found on any of the types except the smallest, since a battery-operated one is now available. 
For short waves, a telescopic aerial is often used, disappearing into the cabinet when not required. 
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The cheap mass-produced pick-up has improved considerably, though 
at some loss in robustness, In practice, this change is probably the 
most significant improvement. In addition, recording technique has 
improved and the microgroove record has been introduced: the latter 
has other virtues besides long duration of play; for example, low surfacé 
noise, provided that the record is kept clean. 

Negative Feedback 
Negative feedback has been increasingly used for (among other 

things) : 
(1) reduction of distortion and of hum; 
(2) loudspeaker damping, one result of which is a better transient 

response; 
(3) tailoring or levelling audio-frequency responses; 

(4) tone control; 
(5) compensated. volume control. i.e., the frequency response 

varies with the setting of the volume control to suit the human ear 

characteristic; 
' (6) preventing a high-gain radio-frequency amplifying valve 
from being overloaded by strong signals; 

(7) minimizing the effects of variations in supply voltage and of 
components and valve tolerances on gain. 

Compensated Volume Control 
Compensated volume control—sometimes called physiological com-

pensation—may be obtained by several methods, e.g., by negative feed-
back which varies with the volume-control setting, by using a volume 
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control having a tap on it to which a frequency-conscious circuit is 
connected, or by using a tone control ganged with the volume control. 
Compensated volume control is useful because people tend to listen 

to music at home at lower levels than natural, and it is the aim of the 
designer to achieve a realistic effect whatever the setting of the volume 
control. To see how this is attempted it is helpful to study human ear 
characteristics, such as the equal loudness curves due to Fletcher and 
Munson, reproduced in Fig. 1, or better, in this case, the redrawn curves 
of Fig. 2, in which the contours of equal loudness are replaced by curves 
showing the differences in decibels compared with the 70-phon contour 
(an arbitrarily chosen level). It will be seen that considerable com-
pensation is needed at the bass end of the spectrum and hardly any at 
the treble end. It is assumed that the receiver's electro-acoustic 
response, without compensation, is satisfactory at this level, and we wish 
to make the response vary with' the volume control so as to sound the 
same at other levels. The compensated volume control shows its worth 
chiefly in avoiding " thin-ness " in the reproduction at low volume. 
control levels, and " boom " at high levels. The system is at its best 
when used in a receiver having very good automatic gain control, so 
that normal volume is always obtained at approximately the same 
control setting, irrespective of the strength of the radio-frequency input. 

If the automatic gain control is not very good, as is the case with the 
undelayed or little delayed type usually employed in middle and low-
priced receivers, the compensation could be theoretically correct for 
only one particular radio-frequency input. However, despite this, it 
has been found that the system greatly improves the performance of 
such receivers. 
For receivers in very small cabinets the compensation may be 

deliberately over-emphasized so that the extra bass makes up for the 
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poor acoustic bass response resulting from the small baffle area. In the 
usual low-priced receiver there is no gain to spare for bass lift (which, 
of course, has to be obtained by reducing the gain at middle and high 
frequencies) when the volume control is turned up for weak station 
reception. However, when listening to strong stations there is gain to 
spare, and by making the relative bass increase occur at low volume. 
control settings, use of this can be made. 

Reduction of Cabinet Boom 

Measures for getting rid of cabinet " boom " have been used more 
frequently, for example: • 

(1) The use of shallow cabinets, ranging from the cabinet which 
iele little more than a flat baffle to the box-type with relatively small 
front-to-back dimensions. 

(2) The uso of sub-baffles thick enough to reduce considerably the 
vibration of the front panel of the cabinet. 

(3,) The use of strengthening struts in the cabinet for reducing 
panel vibration. 

The resistance strain-gauge consisting of a piece of very fine resistance 
wire glued to a cabinet panel, and connected via a bridge circuit to a 
response-recording apparatus is a very useful instrument for investi-
gating panel resonances. Several gauges, can be fixed to different 
places and their responses recorded. 
The strain gauge forms one arm of a D.C.-balanced bridge, the 

detector terminals being connected to the microphone terminals of 
a response-recording apparatus of the type normally used for taking 
loudspeaker responses. Resistan variations unbalance the bridge, 
causing an alternating voltage to be applied to the apparatus, when 
the loudspeaker is fed by an audio oscillator. The frequency of this 
oscillator is varied automatically in sympathy with the motion of a 
strip of paper on which a curve is drawn with ordinates proportional 
to the amplitude of the resistance variations, the abscissas being pro-
portional to the frequency One form of the apparatus uses an ii k 

10 

DB 

«2«eçierli  
10 

5 

O 

5 

10 

50 100 200 300 
FREQUENCY IN CYCLES PER • SECOND 

FIG. 3.—ELIMIISTATION OF CABINET BOOM—I. 

Response curve of a cabinet plotted by means of a resistance strain gauge showing 
severe resonances. 
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Response curve of the same cabinet after the addition of two metal struts of 
T-section. 

recorder ; the origins of the curves shown in Figs. 3 and 4 were producea 
by an instrument employing a beam of light and photo-sensitive per. 

Selectivity 

Improvements in the selectivity of receivers for medium- and long. 
wave reception have become necessary because of the increases in 
power and number of broadcasting stations, particularly in the European 
area. It is thus of considerabh importance to appreciate fully the two 
main types of interference affectirg superheterodyne receivers. 
The first type consists of tumeable whistles produced whenever 

mf„ nfh -=`- fi, where m and n are integers, fp is the frequency of 
undesired station, f,, is the local pscillator frequency and f, is the inter-
mediate frequency. It can only be cured . or minimized by having 
sufficient discrimination against the undesired signal, before the 
frequency changer; that is sufficient radio-frequency selectivity, and/or 
by careful choice of tlie I.F. in relation to station frequencies. 
The second type consists of side-band chatter,(a background of the 

higher audio frequencies from a station whose frequency is very near to 
that of the desired station), accompanied by a fixed frequency note 
(heterodyne whistle) if the carrier frequency difference is low enough to 
come within the ear's range. This is called ".adjacent channel inter-
ference ", and can only be cured or minimized by having sufficiently 
selective intermediate-frequency amplifier circuits. 

Types of Tuneable Whistles 

The expression nif, •-••• nfh f, means that tuneable whistles are 
likely to occur whenever the interfering station or one of its harmonics 
(produced either by the station or in the frequency changer) differs from 
thu intermediate frequency by a frequency equal to that of the oscillator 
or one of its harmonics. 

This general formula covers nearly all types of tuneable whistles, 
provided that it is remembered that sometimes the desired signal ( let us 
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call it frequency f,) can create its own interference whistle without the 
need for a separate fp. 
The most troublesome ones are as follows: 
Type ( 1). When m. = 1 and-n = 0, we have f,=•-"•--- f, (the frequency of 

the interfering station is approximately equal to the intermediate 
frequency). 

This type of interference comes mainly from shipping transmitters. 
and is therefore noticed chiefly in coastal districts. It may produce 
whistles accompanying every station heard. 
Type (2). When m --- 2, n = 0 and f, = f„ ( i.e., the station creates 

its own interference) we have: 

e-"-
f. =  if. 

(The frequency of the desired station is approximately half the 
intermediate frequency.). 
Type (3). When m ,----- 2, n 1 and f, = fp (i.e., the station creates its 

own interference), we have: 

2f. = 
or 2f. — (f. f.)=-fi 
or 2f, 

(The frequency of the desired station is approximately twice the 
intermediate frequency.) 

Type (4). 1Vhen in = 3, n = 2 and f, fp (i.e., the station creates 
its own interference) we have : 

31: — 
3f. — 2(f. -I- f.) 
3f,-2f,3fg 
f. 3f 

(The frequency of the desired station is approximately three times 
the intermediate frequency.) 

Type (5). When m = 2 and n 1, we have: 

2.6 — f* f. = 
2.fp — ( fi + f.) -=,fd 
2.fp — 

In practice, this is only serious when the frequency of the interfering 
station is fairly close to that of the desired station. 

Then 

and 2fp 2fi 
fp =  2.ft 

i.e., it is only serious when the frequency of the interfering station (and 
of the desired station) approximates to twice the intermediate frequency. 

Type (6). When m = 1 and n = 1, we have: 

— fh -= 

fp — f.= 
(The frequency of the undesired station differs from that of the desired 
one by approximately twice the intermediate frequency.) 
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This is celled second-channel or image interference, the first name 
distinguishing it from adjacent-channel interference, and the other 
arising from the similarity to an image in optics, because the interfering 
station frequency is as far behind" the oscillator frequency as the 
desired signal is " in front of" it.. 

Type (7). When there are two strong fp's say fp' and fp" (i.e., two strong 
or local interfering stations) and any of the following three relationships 
occur : 

and 

(i) f; fp" 
2.fp' =-1( 

(((i) f ; - 2f s" ft 
Type (8). When the frequency of the interfering signal is approximately 

equal to that of the local oscillator. 
The second detector then receives.two intermediate-frequency signals 

differing only slightly in frequency, so that an audible beat is produced 
between them. 
Type (9). IVhen the receiver is very close to one or more high-power 

transmitters (the moro transmitters, the worse the interference) there 
may be a large number of whistles due to such a variety of causes as to 
make them individually unidentifiable and incalculable. 

Prevention or Reduction of Tuneable Whistles 

Type ( 1) can be reduced to negligible proportions by using a wave-
trap tuned to the intermediate frequency, often called an intermediate-
frequency rejector. 

Types (2), ( 3). ( 4) and (5) can only be cured or minimized by careful 
' choice of the intermediate frequency. No amount of radio-frequency 
selectivity will eliminate them. 

Types (6), ( 7). ( 8) and (9). Type (6) is common; types ( 7), ( 8) are rare. 
Type (9) is fairly common under present conditions. To help cure these, 
good radio-frequency selectivity is . necessary. If this is not quite 
adequate, it may be supplemented by one or more wavetraps tuned to 
the • frequeneiés of interfering stations. If one of these is also on 
occasion a desired station. tho presence of the trap will not generally 
matter, because the signal will usually be strong enough to give good 
reception even after attenuation by the wavetrap. 

It is also desirable to consider types ( 6), ( 7) and ( 9) when choosing the 
intermediate frequency, because this may enable cheaper radio-
frequency circuits to be used than otherwise would be the case. 

Cross Modulation 

Through the rectifying action of non-linear portions of radio-frequency 
amplifier or frequency-changer characteristics, the modulation of a 
strong undesired signal may be transferred to the carrier of the desired 
signal, so that both modulations appear in the audio output. Measures 
for reducing this effect are as follows: 

(1) .Good radio-frequency selectivity (including the circuit before 
the radio-frequency amplifier, if any). 

(2) Choosing valves with low cross-modulation characteristics 
(variable-mu valves are the best in this respect). 
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(3) By-passing the cathode 
resistor(s) to radio but not to 
audio frequencies, so that the 
audio-frequency voltages due 
to cross modulation appear 
across it, and choosing the 
value of the cathode resistor(s) 
so that these voltages cancel 
the cross modulation of the 
desired carrier. 

(4) By the application of 
negative feedback, e.g., by 
using an un bypassed cathode 
.resistor. 

Choice of Intermediate Frequency 

A chart can be drawn permitting one to see readily whether a given 
transmitter is likely to interfere with others, for a given intermediate 
frequency. Fig. 5 shows such a chart, in which f, is plotted against f, 
for different types of whistle and for different intermediate frequencies. 
For example, in the chart we have plotted the two straight lines 

2f, - f. 2ft (Type 5) and fp - f.= 2f, (Type 6). 
Then taking 465 kc/s as the intermediate frequency, to plot these 

lines we have for example: two points for type ( 5), (0,465) and ( 1,500, 
1,215); and two points for type (6) (0,930) and (570, 1,500). 
As examples of interference we then have London (908 kc Is) inter-

fering with the Welsh Home Service on 881 kc/s (type 5), and an East 
German station on 1,670 Ws interfering with the Third Programme on 
647 kc/s (type 6). 
A complete chart will have many moro lines than are shown in 

Fig. 5. 
Further information on this subject has been published by . the 

European Broadcasting Union? 

Pre-selection 

Methods of obtaining satisfactory radio-frequency selectivity are 
described later (Circuitry). In general the best system for medium and 
long waves is the band-pass input circuit. This, however, requires a 
triple-gang variable capacitor, and can therefore be used only in the 
more expensive sets. 

Fairly good results can be obtained with care in circuit and coil design 
using single-tuned input circuits requiring only a two-gang variable 
capacitor for aerial and oscillator tuning. 
The interference on short waves which is within the designer's power 

to eliminate or minimize is chiefly image or second-channel interference; 
adequate pre-selection before the frequency changer is here es.-atial 
for good performance. A tuned rodio-frequency amplifying stage is a 
great help, and good results are possible on band-spread ranges with a 
two-gang capacitor, if each aerial circuit be nretuned to the centre of the 
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band and each anode circuit be gang-tuned, with a further improvement 
if an image-rejection circuit is employed.3 

Intermediate-frequency Selectivity 

The problem here is to eliminate adjacent-channel interference with-
out cutting the higher audio frequencies. Unfortunately, the problem 
is insoluble: a compromise is necessary. For a perfect solution— 
even if there were no stations using frequencies not officially allocated, 
the standard 9-kc/s separation being maintained—the transmitters would 
have to restrict their modulation to 4-5 kc/s and the receivers have an 
intermediate-frequency band-width of 9 kc/s. To reproduce satis-
factorily, the audio frequencies up to only 4.5 kern would mean a vertical-
sided, flat-topped, Intermediate-frequency amplifier response (Fig. 6). 
As this is impossible—and also undesirable because of the restricted 

modulation frequencies—considerable compromise is necessary. The 
B.B.C. endeavours to make 16 cis and 10 kc/s the cut-off frequencies for 
transmitter modulation, so that listeners with wide-band equipment 
and favourable reception conditions (local signals strong in comparison 
with signals on nearby frequencies) may enjoy the best reproduction 
of which their sets are capable. 

It is clear , therefore, that a receiver must have a variable intermediate-
frequency and-width if it is to give the best possible performance in 
all areas. However, the cost of this refinement, and the fact that the 
number of places where the wide band-width may be used without 
interference has fallen considerably, have resulted in its being discon-
tinued in all but a few of the most expensive receivers. 
• The compromise adopted for the normal receiver without variable 
selectivity and with only two intermediate-frequency transformers 
results in an intermediate-frequency response curve similar to that 
shown in Fig. 7. Because it is impossible to produce a curve with 
vertical sides, considerable sideband cutting is necessary to obtain 
even the degree of selectivity represented by this curve. Figures often 
used to express the performance due to such a curve are the band-width 
6 db down from the peak, the attenuation in decibels (or as a ratio or 
percentage) 9 kc/s off tune each side, and the slope of each side in 
Pike's (between 6 and 30 db down). 
The fall-off in treble response due to sideband cutting has to be made 
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470 kcis Q is the. geometric, mean of 
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tactors, often different duo to effects such as the position of the coils 
with respect to capacitors and to the top of the can). Damping in the 
receiver would reduce the Q-factor so that in practice the coupling would 
be critical (kQ --- 1, giving maximum gain) or a little more or less, 
depending on what compromise has been chosen. 

7.—TYPICAL PRACTICAL 
INTERMEDIATE-FREQUENCY .RE-

SPONSE CURVE. 

DEVELOPMENTS IN COMPONENTS 

Self-contained Aerials 

The " Plate" or Capacitance Aerial 

This usually consists of a piece of metal foil fixed inside the cabinet, 
as far away from the chassis as possible. It is used for all wavebands 
in mains receivers, but is seldom found in battery sets. When there is 
no earth connection to the set, as is frequently the case, the sensitivity 
is quite good, because the capacitance to earth of the" aerial " completes 
the return path to earth of signals picked up in the mains wiring. The 
system is, however, naturally susceptible to electrical interference. 
Adding a good short-lead . earth reduces sensitivity, but a long-lead 
connection (say 20 ft. or more) may increase the signal-to-interference 
ratio. This is also true of a third-lead or conduit " earth ", because 
the interference voltage in this is usually less than in the mains wiring 
itself. 
A variant of this aerial is a short length of wire about 6-10 ft. long. 

sometimes called a " throw-out " aerial, connected to the aerial terminal 
of the set. It may be used alone, fixed to a wall or allowed to hang and 
lie on the floor; or it may be joined to a longer indoor or outdoor aerial. 
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The " Mains Aerial 
A plug is provided for insertion in the receiver-aerial socket : it is 

connected by a flexible lead either to an insulated wire of the same 
length as, and contained in, the set mains lead, or via an isolating 
capacitor of 30 pF or so, to one side of the mains. This has a poor 
performance from the points of view both of signal collection and oi 
electrical interference. It is not now used much h. iis country. 

The Telescopic Vertical Aerial 

This is used for battery or mains/battery portable receivers for short-
wave reception. When extended, its height is of the order of 40-50 in. 
Naturally its perfohnance is poor compared with that of a normal 
indoor aerial of length about 20-40 ft. It is, however, superior for short 
waves to any frame aerial of convenient form, and is therefore used for 
portable sets for want of a better type. Since its characteristics are fixed, 
the loose coupling used for open aerials of unknown characteristics is 
not necessary. It is usual therefore to connect it to the " top " of the 
first tuned circuit, so that its electrical properties form part of that circuit. 

The Loop or Frame Aerial 
For medium warm the loop usually constitutes the tuned-circuit 

inductance. It is kept as far from metalwork as possible, and is 
designed for high Q factor and to embrace the largest possible area. 

For if E = #eld strength, V = voltage across tuning capacitor, 
ta/27r = frequency, n = turns, A = area, L = inductance (fixed by the 
frequency cover and the maximum of the variable capacitor), we have: 

induced voltage 

and 

V 
7, cc conEA approx. 

L cc n'A approx. so n cc N ià-L- approx. 

V cc QuEAN /a-t. cc QV:4,--wE VL approx. 
A 

The directional properties are useful for reducing interference from 
an undesired . station by orienting with the axis of the loop pointing 
le the station approximately: the theoretical figure-of-eight polar 
diagram with sharp nulls and broad maxima is, however, modified in 
practice because of capacitance pick-up, Sunléss the loop be shielded or 
balanced to earth. 
To satisfy the high Q-factor requirement may require the use of 

Litz wire, say 9/40 S.W.G., but quite acceptable results can be obtained 
with solid wire of about 26 S.W.G. There are several satisfactory ways 
of winding the loop. Examples are: single-layer solenoid, wound flat 
coil and solenoid folded flat. They may be wound in—or bent after-
wards into—various shapes to suit the cabinet style, and supported by 
tying to supports or retained by moulded plastic fitments or in any 
other suitable manner. It is advantageous to hold the turne together, 
for example by impregnating, by squeezing between adhesive tapes (not 
suitable for tropical zones) or by using wire covered with a plastic 
material which bonds adjacent turns together when heat is applied by 
the momentary passage of an electric current through the wire. A 
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typical " working " Q-factor would be 90 at 1 Mc/s. A few turns can be 
added to form a coupling coil for connection of an external aerial. 
For long wavea the loop may constitute the tuned circuit inductance, 

but this is expensive and awkward to manufacture because of the large 
number of turns of fragile wire required to obtain the necessary 
inductance. Frequently, therefore, the medium-wave loop is series-
loaded by a small inductor with dust-core adjustment, to bring the 
inductance up to the value required. This is not an efficient arrange-
ment, as the signal-collecting part of the total inductance is small. 
A better method is to couple the medium-wave loop to the long-wave 
tuning inductor by a tight coupling winding, with coupling turns 
chosen by experiment for maximum sensitivity. The arrangement 
constitutes a matched auto-transformer, basically similar to the method 
of reference 4, which gives the theory. The complete long-wave coil 
may also embody an additional coupling coil for connection of an 
external aerial. 
The same basic principle of a loop (with an inductance much less 

than that required for tuning) being transformer-matched to the tuned 
circuit is sometimes carried a stage further by using a aingle-turn loop 
for both medium and long waves. For the Q-factor of this to be high 
enough for good results, a large conductor cross-section is essential (of 
the order of in sq. in. minimum). In general, the sensitivity obtained 
with this system is not as great as that already described. The single-
turn loop, however, has the advantage that, by connecting its centre to 
earth, pick-up of man-made interference can be made very small. 

The Ferrite-rod Aeria 
This aerial, made possible by the use of ferrite material,',6 is basically 

a loop aerial using a very small coil wound on à high-permeability rod 
which concentrates the flux from a large area. The null point is obtained 
with the loop at right angles to the direction of the transmitter (as with 
any loop), that is, with the rod pointing towards the transmitter. 
A typical design foemodium and long waves comprises a rod 8 in. 

long by ilk in. diameter, with coils wound on thin-walled formers, using 
53 turns of 32 S.W.G. enamel spaced 32 turns per inch for medium and 
138 turns of 42 S.W.G., D.S.C. for long waves, the initial inductance 
tolerance being about 1 per cent. The best resui La are obtained with 
spaced solenoid coils; this is not possible on long waves unless separate 
rods are used for each band. Fine adjustments aro made later during 
R.F. alignment of the receiver, by sliding the coils on the rod, after-
wards preventing further movement by applying a quick-drying ad-
hesive. The assembly should be kept as far as possible from metal-
work, and also from heat, bearing in mind the variation of perme-
ability with temperature.6 

Fiat 8.—FERRITE ROD AERIAL FOR MEDIUM AND LONG WAVE-BANDS. 
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To date the performance of aeria/s of this type has been inferior to 
that of the beet tuned loops, but their long-wave performance is much 
superior to that of the medium-wave loop, series-loaded for long-wave 
reception: 

Such high Q-factors are obtainable, owing to the low losses and high 
permeability of the ferrite rod, that on long waves especially it is easily 
possible to cut the higher audio frequencies due to the poor sideband 
response of a sharply tatted circuit; this point must be watched in 
choosing the wire gauges. Sideband cutting may be made very small 
if a ferrite rod aerial be used as the first inductor in a band-pass circuit, 
using a three-gang capacitor for this and the oscillator circuit. The 
small size of the ferrite-rod aerial makes it suitable for very small 
receivers, and also for mounting in large receivers on a pivot, a knob 
being fitted to rotate the rod through 180 degrees in a horizontal plane 
80 that it may be oriented for minimum signal from an interfering 
station. 

Radio-frequency Coils 
These include aerial, radio-frequency amplifier coils and transformers, 

and oscillator coils. 
There has been an increasing tendency to abandon air-cored coil', 

usually on formers of synthetic-resin-bonded paper, in favour of iron-
dust-cored coils on formerq of plastic material, such as moulded phenolic 
resin or polystyrene. The latter makes a cheaper former, Lit has the 
disadvantage that it does not remain rigid at the lowest temperature at 
which a wax impregnation or dip can be done. Textile covered coils 
need an impregnation or dip if their Q-factors are not to suffer from 
moisture ingress: phenolic resin formers are needed for such coils. The 
greatest advantage of the iron-dust-cored coils is that their inductance 
can be easily adjusted when they are mounted in the receiver, thus 
enabling the calibration and tracking to be made correct at the low-
frequency end of each wave-range (or at the mid-band frequency in the 
case of band-spread ranges). Other advantages are: small size, 
economy in wire and lower -self-capacitance. 

In the case of short-wave oscillator coils a metal slug is unen used 
instead of an iron-dust core: it is frequently helpful in securing an 
approximate constancy of oscillator voltage over the wave-range. 
More recently ferrite cores have been used instead of iron-dust cores. 

(See Section 39, " Inductors and Transformers ", and reference'.) 
Improved Q-factors necessary for higher-selectivity medium-wave 

aerial circuits have been obtained by using more expensive " Litz " 
(e.g., 9/46 S.W.G. or 12/48 S.W.G.) and/or two-pie windings. 
Cheaper receivers with limited space have successfully made use of a 

single former holding both medium- and long-wave windings, each band 
having an adjusting core at its own end of the former. 

Intermediate-frequency Transformers 
hon-dust Cores.—Early iron-dust cores, used for intermediate-

frequency transformers, were smooth-walled cylinders cemented to 
threaded brass rods for screw adjustment. These have been replaced 
in general by iron-dust cores with moulded screw-threads: this arrange-
ment is cheaper and provides a bettor Q-factor. 

Ferrite Cores.—Recently it has become possible to make inter-
mediate- frequency transformers of the same performance as the best 
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iron-dust-core type, but considerably smaller, by using ferrite cores, 
and ferrite rods for reducing the effect of the can on the Q-faetor. 
Alternatively, a better performance transformer with no increase in 
size is possible. The ferrite Used is a non-metallic, lion,-)geneous 
magnetic material, the result of research into mixed crystals, usually 
manganese-zinc ferrites or nickel-zinc ferrites. 
The crystal structure is cubic, which avoids stresses, thus contributing 

to the high initial permeability and low hysteresis loss. The resistivity 
is very high, resulting in very small eddy current losses. Since, unlike 
iron dust, the ferrites do not depend on insulating material between 
metal particles for their high resistivity, the air-gap effect of such 
insulation is absent, and the permeability is much higher than that of 
the hest iron-dust material. (See Section 30 and references.) 
Tho ferrites are useful not only as cores : in addition, a small territe 

rod may be used . to aid and adjust the magnetic coupling between 
primary and secondary windings. The'added magnetic coupling also 
enables .the coils to be spaced so as to keep stray capacitance coupling 
very small, reducing asymmetry of response. 
A typical Q-value for a ferrite intermediate-frequency transformer in a 

11- in:-diameter can is 140. 
For miniature designs, ferrite rods are useful for placing between 

can and coil to reduce the effect of the can on the Q-factor. 
Winding Technique.--A worthwhile improvement of Q-factor is 

possible by winding each coil in two or three " pies " instead of one, 
thus reducing the distributed capacitance and bringing at least half of 
the turns nearer to the core.• 
-Another way of improving the Q-factor, and incidentally obtaining a 

more compact winding, is by using silkless " Litz " wire, e.g., where a 
plastic coating on the enamel has been made to flow by momentary 
heating by an electric current, thus bonding all the strands together, or 
waxed enamelled " Litz ". These wires, and some new pre-fluxed 
wires, which do not require stripping before soldering, may be used also 
for R.F. coils 

Sense of Connection of Coils in the Receiver 

This should always be such that any stray capacitance coupling 
assists the magnetic coupling, because the reverse, i.e., capacitance 
coupling opposing magnetic, would result in too great a variation of 
total coupling, and thence of band-width, in production receivers. 

This means that co-axial designs, with both coils wound in the samo 
direction, should have the start of one coil " earthy ", if the start of the 
other coil be" hot ", or " hot " if the start of the other coil be " earthy ". 

With " binocular " construction, on the other hand, the desired sense 
is obtained with either both starts " earthy " or both start s " hot ". 

Detailed information on intermediate- frequency transformer design 
is given in references 7.8. 

Methods of Reducing Damping 
Damping by valve input and anode resistances and ¡or diode load 

resistances can be reduced either by reducing the inductance or by coil-
tapping.8 The former method is generally used only for the secondary 
of the final intermediate-frequency transformer, where the damping is 
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likely to be greatest. In the latter method one or more coils may be 
tapped, usually with 0.5-0.75 of the turns across the source or load, 
according to the damping. Both methods reduce the gain, but the gain 
reduction may be worth-while in order to improve the selectivity. For 
example, in a typical caso of a set using two identical miniature inter-
mediate-frequency transformers originally designed for requirements less 
stringent than those of the present day, a reduction of the secondary 
inductance of the second (final) transformer to about one-third of its 
previous \ tine increased the relative attenuation at 9 kcis off resonance 
by 6 db, for a gain reduction of 3 clb. 

Protection against Moisture (R.F. and I.F. Coils) 

The introduction of various textile-free wire coverings suitable for 
wave-winding has made unnecessary the elaborate sealing methods 
sometimçs used with coils of textile-covered wire. 
With textile-eovf wires, one system was not to impregnate at all, 

but to oven-dry the coil assembly so as to drive out all moisture, and. 
then to seal it in a can by spinning the open ènd over a neoprene-faced, 
synthetic-resin-bonded paper disc in much the same manner as that 
employed for electrolytic capacitors. The trimming problem may then 
be dealt with in three ways: 

(i) The intermediate-frequency transformers are pre-trinmed 
using a dummy receiver or a trimming gear with capacitances to 
represent the average stray capacitances of a production receiver. 
There are several difficulties with this method: it also means a 
different gear or a different capacitance adjustment for every type 
of set. 

(ii) Trimming holes are provided, the design being such that 
moisture ingress to the coils themselves is impossible. 

(iii) Trimming holes are provided and have a means for sealing 
them against moisture ingress after trimming is complete. It 
is desirable for such seals to be removable and replaceable by a 
serviceman, in case re-trimming is necessary due to transit shift 
(a good design should avoid this exeept for the very roughest type 
of journey), or because whistle interference in the customer's 
area renders a slight change of intermediate frequency necessary, 
or because of drift over a period of years due to one or more of a 
variety of causes (this is unlikely with modern components, but 
has to be considered). 

Iron-cored Transformers and Chokes 
For many years the practice has been to try to prevent moisture 

ingress by some form of impregnation, sometimes followed by a dip or 
dips in a sealing compound. Probably the most economical process for 
satisfactory tropical protection is a wax impregnation followed by a 
bitumen dip. This, however, permits operation only up to 990 C., at 
which temperature the wax will be in a liquid or semi-liquid state inside 
the bitumen sealing coat. There are varnish impregnants and processes 
designed for operation at higher temperatures, but generally only the 
more expensive ones aro completely satisfactory, and these tend to be 
ton costly for the normal domestic receiver, due to their long processing 

Y 



14-22 RADIO AND TELEVISION REFERENCE BOOK 

time. The best of the known methods—used in the Services—is to 
seal the component, oil-impregnated, in a can filled with oil. It also is 
usually too expensive for most domestic receivers, and is better than 
necessary for the great majority of operating conditions. 

Windings Operating at a Positive Potential 

When a winding operates at a positive potential with respect to the 
core and/or to another winding, it is possible for electrolytic action to 
remove copper from any bare placea on the wire, such as pin holes" 
in the enamel, provided something in the nature of an electrolyte existe. 
In other words, corrosion occurs, eventually resulting in a break in the 
winding. Inspectiln of such an open-circuited winding reveals a green 
spot at the point of break, so the phenomenon is often called " green-
spot " corrosion. In spite of care being taken to use the purest paper 
obtabiable, cheekless paper-interleaved windings are much more trouble-
some in this respect than pile-wound bobbins, leading to the conclusion 
that the paper, when not completely dry, acts as a suitable electrolyte. 
Experiments have shown that wax impregnation alone is useless for 
preventing the moisture ingress which causes this corrosion, even in 
temperate zones, but that wax impregnation followed by a bitumen 
dip is very good, provided that the bitumen dip is carefully done, avoid-
ing pin-holes. However, a pile-wound moulded bobbin is quite good 
for domestic-receiver transformers in the tropics if wax impregnated, 
and for home use if entirely unfinished. Textiles should be avoided as 
far as possible, although varnished cotton tape between the windings of 
an unfinished pile-wound bobbin gives very little trouble. For the wax-
impregnated bobbin, paper insulation may be used between the wind-
ings; this appears not to be at all as troublesome as the paper between 
all the layers of a paper-interleaved winding, perhaps because in the latter 
there are many possible paths for leakage along the paper to the core. 
A better space- factor is obtained with pile-wound bobbins than with 

bobbin-less paper-interleaved construction, but the latter facilitates the 
- achievement of good inter-winding insulation, because with it there is no 
tendency for the end turns of one winding to slip down to the winding 
beneath. If there are more than two windings, or if the windings are 
sectionalized to reduce leakage inductance, it may be better to employ 
the paper- interleaved method, using wax impregnation and a bitumen 
dip-coat, the latter being necessary even if the set is for use only in the 
temperate zone. 
Examples of windings operated at positive potentials with respect to 

the core and/or other windings are, output-transformer primaries, 
synchronous-vibrator transformer secondaries and smoothing chokes in 
positive leads. (It is not usually convenient to put a smoothing choke 
in a negative lead, because this prohibits the use of a common can for the 
electrolytic capacitors each side of the choke : electrolytic capacitors 
with a common positive terminal are not usually made because of trouble 
from leakage between. cathodes.) 
A recent innovation is the transformer using polyester film insulation 

and high-temperature synthetic enamel wire covering. Impregnation 
is not necessary and the operating temperature can be made much 
higher than the maximum permissible with older materials, resulting 
in smaller power transformers. 

Detailed information on this subject is given in reference °. 
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Loudspeakers 

Improvements which have taken place in the type of loudspeaker 
normally used for domestic receivers include the following: 

(1) Dust-excluding construction has become almost universal, 
rendering a bag unnecessary. 

(2) The ability to withstand tropical exposure has improved 
(e.g., cons -paper is treated so that it does not grow mould). 

(3) The first result of the use of now magnet alloys was to 
eliminate the electrically energized loudspeaker. Still further 
improvements in magnet alloys have considerably reduced the 
weight of a loudspeaker magnet of normal flux density (6,500-
10,000 lines/sq. cm.) and made possible very high flux densities (of 
the order of 17,000 lines/sq. cm.). 

(4) The bass resonance has been lowered, and a wider, flatter 
response obtained, -particular in the smaller sizes. 

(5) The inverted (or " wafer ") loudspeaker has beçn developed. 
In this the magnet sits within the cone, resulting in a very compact 
unit. 

(6) " Pot" types with very low external flux h-ave been 
developed. 

In addition, a fcirm of électrostatic loudspeaker suitable for domestic 
receivers has been developed, intended for use only at the higher audio 
frequericies (above about 5,000 c/a). It requires a voltage of the order 
of 250 volts for polarization, so the normal receiver H.T. supply may be 
used for this purpose. As selectivity requirements severely limit the 
audio-frequency response of amplitude-modulation receivers, its chief 
use is for frequency-modulation receivers and radio-gramophones. 

Increased use has been made of the elliptical loudspeaker: it will 
often fit into a cabinet-space too narrow for a circular loudspeaker of 
similar performance. Unfortunately, this frequently means that the 
major axis of the ellipse is horizontal, so that use is not made of the 
elliptical loudspeaker's property of spreading the higher frequencies in 
the plane of the minor axis. 
For further information on loudspeakers, see Section 32. 

Resistors 

Fixed Carbon Types.—The composition typo, unprotected save by 
paint, has largely been superseded by the ceramic- or plastic-cased type, 
removing the danger of accidental contact with other components and 
improving stability by reducing moisture ingress. There has been a 
raising of wattage limits for a given size, and an extension of ceramic-
tube construction to higher wattage values, which were till recently still 
of the painted type. 

The high-stability, cracked-carbon type has become much more 
widely adopted when stability is important. In effect, this means that 
this type should be always called for if tolerances of 5 per cent or better 
are required. Its price is now little more than that of 5 per cent 
composition types, whose stability is still not always sufficient to warrant 
their use where a close tolerance is needed, although being constantly 
improved. 
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The use of silicone varnish for coating these high-stability resistors 
has given better protection against moisture ingress, thereby still 
further improving their stability. The silicone coating also withstands 
heat much better than earlier lacquers. This type is also available in a 

ceramic case. Fixed Wire-wound Types.—An economical type has been evolved 
using a silicone compound as a coating for the wire round its ceramic 
tube. This silicone compound stands heat without crazing, stands up 
well to hot, damp conditions and prevents corrosion. 

Temperature-sensitive Types.—These and their uses are fully 
described in Section 3, under " Semi-conductors ". To date probably 
their most important use in the domestic radio field has been in 
improving the ,cale-illumination brightness in universal mains receivers. 

Variable Composition Resistors.—Theso are mainly used in •broadcast 

receivers as volume and tone controls. 
In the past the greatest defects have been change of resistance due to 

the effect of moisture, and noise. 
Tracks have been improved so that moisture no longer has much 

effect, and although noise troubles have not been eliminated, they have 
been much reduced, e.g., by the use of carbon brushes both for track and 

collector ring. 
The receiver.designer can also reduce noise by arranging that no D.C. 

flows through the control, e.g., detector diode current or amplifier-valve 
grid current, the latter being the worse offender. • 
For further information on resistors, see Section 28. 

Valves 

The physical size of valves has been greatly reduced, and glass bases 
have become almost universal. Most of the valves using the Inter-
national or the British Octal base have teen replaced by types using 
seven-, eight- or nine-pin all-glass bases. In addition, the heater 
wattages have in Leneral been considerably reduced. 

Apart from the obvious advantage of the smaller chassis space con-
ferred by the size reduction, there is the advantage of lower losses at 
the higher frequencies due to the glass bases and shorter lead lengths. 
The reduction in heater wattage means smaller mains transformers in 

A.C. sets and smaller dropping resistors in A.C. /D.C. sets; it also. facili-
tates keeping electrolytic capacitors and cabinet roofs, cool enough; 
and makes it easier to keep frequency drift down to reasonable limits. 
The range of battery valves with 1.4-volt filaments has made possible 

the all-dry battery set, which increases in popularity both as a table and 
as a portable set. The range has recently been extended ,by the intro-
duction of new types with only half the filament consumption of the 

older types. 
For further information on valves, see Section 23. 

Metal Rectifiers 

Convection-cooled metal rectifiers for power supplies have become 
smaller and cheaper, so that in some cases they can compete with valves 
for price, beèause of savings in the mains transformer, the absence of a 
valve-holder and the fact that no series protection resistor is needed. 
Their chief disadvantage is that it is sometimes difficult to keep down 
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to their maximum permissible operating temperature, especially in sets 
designed for the tropics. Their chief use has been in battery/mains 
receivers, where the provision of power at a suitable voltage and current 
for the heater of a rectifier valve would be awkward and expensive. 

Miniature types—with current ratings of the order of 1 mA—are 
suitable for bias supplies or battery economy circuits. 
, A recent development is the contact-cooled rectifier, very much more • 

compact than the convection-cooled type, and dependent for its cooling 
on contact with the receiver chassis, there being no cooling fins. 
Whereas the convection-cooled type should be mounted with its fins in 
a vertical plane, the contact-cooled type is not restricted as to mounting 
position. The forward resistance has been made so small that a worth-
while reduction (of up to 20 per cent or so) in the A.C. voltage supplied 
to the rectifier may be achieved, compared with that required for a 
valve. 

For further information on metal rectifiers, see Section 25. 

Batteries 

A great reduction in the size of H.T. batteries for portable receivers 
has resulted from the development of the layer-built battery. It is 
limited to cells of small capacity which are, however, perfectly satis-
factory for the H.T. requirements of portable receivers. 
The layer-built battery has about two-thirds the weight and half the 

volume of the cylindrical-cell type for the same voltage and capacity. 
" Balanced life" combined H.T. and L.T. batteries have various 

advantages compared with separate units. The arrangement is more 
compact, and battery changing, simpler. More important, the L.T. 
and H.T. voltages fall at rates related to give the best performance and 
the longest life, the valve manufacturers' recommendation being that 
the L.T. voltage should have dropped to 1.0 volt per cell when the H.T. 
voltage has fallen to 0-75 volt per cell. 

Further information on batteries is given in Section 36. 

Puses 

Current-operated Fuses.—In broadcast receivers by far the most used 
current-operated fuse is the cartridge fuse to B.S. 646B, usually 11 in. 
long. The specification says that it must be capable of carrying its 
rated current for 1,00.0 hours and should blow within 1 minute after the 
current reaches a value 1-75 times the rating. 

In many applications the B.S. 646B tuse may be unsatisfactory 
because it blows, on a surge. In such cases a special surge-proof fuse 
may be used. e.g., the Mag-Nickel delay fuse, or the spring-operated 
type, in which a soft-soldered joint holds against the force of a spring 
until the excess current has melted the.joint. 

B.S. 646B lays down a standard colour code: see Table 3. 
Heat-operated or Temperature Fuses.—The primary purpose of a 

temperature fuse is to reduce fire risk by breaking a circuit when the 
temperature of a component such as a transformer exceeds a certain 

Fig. 9 illustrates a typical temperature fuse fitted to a mains trans-
former. A copper strip B is well insulated and fixed between the H.T. 
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TABLE 3.—COLOUR CODE FOR CURRENT-OPERATED FUSES 

Colour Rating (A) 

Green and yellow . 
Red and turquoise . 

• Eau-de-Nil . 
Salmon pink . 
Black . 
Grey . 
Red . 
Brown . 
Yellow . 

0-010 
0-015 
0-025 
0-050 
0-060 
0-100 
0-150 
0.250 
0-500 

Colour Rating (A) 

Green . 
Blue . . 
Light blue . 
Purple . . 
Yellow and purple 
White . . • 
Black and white . 
Orange . 

0.750 
1.0 
1-5 
2-0 
2-5 
3-0 
5-0 

10-0 

(British Siandaider Institution) 

and heater windings, the order of winding being: primary, screen, H.T., 
heater and rectifier heater. It projects at both ends of the coil, having a 
lug at one end to which the start of the primary winding is soldered, and 
at the other end is jointed to a ehosphor-bronze spring A by a fusible 
alloy of low melting point (95° C.). The other end of the spring is 
secured to the insulated tag jacket of the transformer by a tag which 
also serves as connection to one mains lead. 

If the temperature of the transformer rises sufficiently to cause the 
heat conducted along strip B to melt the fusible alloy, the spring A 
separates from the strip, thus breaking the mains circuit. This arrange-
ment has been arrived at after experiments to ensure that whichever 
winding or part of a winding be short-çircuited, the temperature rise of 
the hottest part of the transformer cannot exceed 135° C., when 
measured 2 minutes after the fuse has opened, thus eomplying with the 
revised B.S. 415 (fire risk in impregnated interleaved coils). 
The fusible alloy is a mixture of bismuth, lead and in in the pro-

portions which produce a eutectic alloy, that is, one which melts sharply 
at a single definite temperature. Any other proportions would have an 
undesirable plastic range. 

It is obvious that such a circuit-breaker is proof against surge. As an 
example of the time taken for the temperature fuse to operate, a sample 
opened It minutes after the inner half of the H.T. winding had been 
short-circuited. 
When rejointing an opened temperature fuse of this type, it is not 

STRIP'S. 

Fin. 9.—T EMPERATURE FUSE FITTED 
SPRING A TO A MAINS TRANSFORMER. 
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normally necessary to add more alloy, because the quantity of alloy 
used in the original joint is usually sufficient to permit repair by the 
application of heat alone. Care should be taken to avoid adding any 
solder other than the special alloy. Any flux used either during manu-
facture or repair must, of course, be non-corrosive, because the slightest 
trace of corrosive flux close to fine-wire windings might cause damage. 

Capacitors 

The following brief notes on capacitors refer mainly to changes that 
have taken place in their use in domestic broadcast receivers. For 
further information on the subject reference should be made to Section 29. 

Ceramic 

Ceramic capacitors have improved recently in several ways: ( 1) there 
is a greater variety in size, capacitance, working A.C. and D.C. voltages 
- and in temperature coefficient; (2) for a given capacitance, ifize has 
been reduced; (3) temperature stability of high-permittivity types has 
improved. The most popular form is the tubular contruction, but cup • 
and disc types are also used. 
The protective envelope may be a. wax coating (several thin dips), 

an outer ceramic tube with sealed ends or a phenolic coating with wax 
impregnation. Where tolerances of 10 or 20 per cent are acceptable 
(e.g., oscillator feed capacitors, intermediate-frequency filter capacitors, 
and radio-frequency coupling capacitors) their compactness and low price 
make ceramic capacitors eminently suitable. However, they are not 
generally used for tuned circuits, unless deliberately selected to cancel a 
positive temperature coefficient of the remainder of the circuit, to 
reduce frequency drift. 

Drift Correction 

The following is an example of the process used for choosing a drift-
correction capacitor. 
Measure the average intermediate-frequency drift and oscillator drift 

of at least three prototype sets, starting 3 minutes after switching on. 

Let the intermediate-frequency 1 ( in practice i and 
drift be . . . . i keis per ° C. h are usually 

Let the oscillator drift be . . h ke/s per ° C.) negative). 
Let fh (kc/s) be the oscillator frequency (assumed higher than the 

signal frequency). 
Let C (pF) be the total circuit tuning capacitance. 

For net zero drift the oscillator drift should be the sanie as the inter-

mediate-frequency drift, i.e., i kc Is per ° C. or)- X 10 p.p.m./' C. in 

2i 
frequency or — 7  x 104 p.p.m./' C. in LC product (where p.p.m. is 

parts per million)", 
2h 

But at present the LC product drift is — x 10° p.p.m./* C. 
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Assume that this drift is entirely due to capacitrnce change, i.e., that 
the inductance does not drift. This is strictly incorrect, but the error 
is usually small enough to be ignored for an approximate solution: 
the final value depends on trial and error. 

Let C„ be the part of C which is intended to be replaced by a capacitor 
with a negative temperature coefficient, of —n p.p.m./° C. (usually 

n = 750). 
Thefi, equating total capacitance cnange per ° C., we have: 

2i 2h 
— — 10°0 = —nC„ — — X 108 (C — 

_fl, • .4 
(This assumes that C — O„ has the same coefficient as the original C, 
which although incorrect, is near enough for our purpose.) 

c,..(2h ;Al 0° 71) = C. 2 . 10° (h i) 

C . 2 . 1°6 (h i) 

2h . 10° 

— C . 2 . 10° (h — i) 
2h . 10" — nf* 

In a typical case, 

h = —0-6 kc/s per ° C., i = —0-1 kc;t3 per ° C., n =- 750 p.p.m./° C., 
C = 50 pF, 1), = 2,000 kc/s 

2. 106( — 0-5)  
--- 50 — 750 . 2,000 — 2(0-6)104 

101  
--- 50 — 18-6 pF 

(1-5)10° -I- ( 1-2)10° 

If it be impossible to replace all the calculated capacitance by a 
negative temperature-coefficient capacitor, as much as possible should 
be so replaced, and the negative temperature-coefficient capacitor should 
be moved to a warmer place, e.g., near to a valve, so that its capacit al ice 

change is increased. 

Tubular Foil and Paper Capacitors 
Capacitors with solid impreguants have been found generally unsuit-

able where appreciable A.C. stress (over 100 volts) or over 1,000 volts 
D.C. are involved. For such uses, petroleum jelly, or better, special 
viscous oils, are advisable, the latter requiring leak-proof containers. 
Petroleum jelly does not leak from ordinary containers except at 
unusually high temperatures. 

It is often necessary to ensure that capacitors whose insulation 
resistance may fall to low values are not, for example, used for coupling 
from anode to grid. The insulation of the simplest types of wax-coated, 
cardboard-cased capacitors may, for instance, fall as low as 5 :11f1 within 
a year or two, even in a temperate climate. Table 4 indicates the 
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approximata value to which the insulation of various types may ulti-
mately fall; it should be recognized, however, that manufactarers are 
constantly improving their products. 

TABLE 4:—TYPICAL ULTIMATE VALUES OF INSULATION RESISTANCE 

Type of Case 
, For Umted 

Kingdom Use 
(Mil) 

For Export to 
Tropical Areas 

(ma) 
Simplest waxed-cardboard tube ! 
Phenolic-resin moulding 
Hard wax moulding . . 
Better waxed-cardboard tube , 

(spun over deep concave metal 
end caps) . . 1,000 

Metal tube with neoprene seals . 1,000 

5 (not suitable) 
20 5 
100 10 

100 
1,000 

Variable Air Dielectric Capacitors 

The tendency here has been towards smaller physical sizes with only 
very small reductions in capacitance swing (due to closer spacing of the 
smaller plates) and capacitance tolerance, and little or no increase in the 
effect of microphony. These changes have been accompanied by a 
reduction in cost because of the simpler construction employed: bent-
up frame or U-type instead of bar frame or E-type. In addition, there 
is a miniature U-type which has a slightly smaller capacitance swing 
and a larger tolerance. While satisfactory for medium- and long-wave 
sets, this construction could not always be relied on for short-wave use, 
because it is prone to microphony troubles. It is, however, very useful 
for miniature and portable receivers. 
The mounting of the variable capacitor must be such that the frame 

and shaft are not appreciably distorted. Grommets are the usual 
mounts, in order to reduce microphony as well as to avoid stresses in the 
frame; but spring mounts have been used. Grommets should be of a 
soft plastic material, such as P.V.C.. or rubber treated so as to prevent 
perishing. The mechanical arrangements must be such that the grom-
mets are not over-compressed, whatever the tolerance on the com-
ponents; on the other hand, they must not be so loose that the capacitor 
rocks from side to side when the receiver is being tuned. It is advisable 
to have two out of the usual three grommets spaced well apart, in a 
line at right angles to the spindle. 
The tension in the drive cord should be no greater than necessary 

to secure a smooth, non-slip drive, since too great a tension would 
result in too much wear on the cord and exert too mueh s le pull. 
Permanent side pull may be made negligible by arranging that the cord 
enters and leaves the drive drum by the same tangent, which should 
coincide as nearly as possible with the line joining two of the mounting 
grommets. The latter condition assists in minimising side-to-side rock 
when tuning. 

Alternatively, a Bowden-wire arrangement may be used, so that the 
internal wires exert the desired torque on the drum while the outer 
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sleeves are fixed to both the chassis and the capacitor. There is then 
negligible side pull on the capacitor during tuning; the wires just slide 
within the sleeves as they pull the drum round. 
Another method of driving the capacitor is to use a slow-motion gear 

drive so that the cord drum is reduced to about 14 in. diameter for a 
scale length of 8 in. This method is useful where a large drum cannot 
be accommodated but where a fairly long scale is desired. The drive 
may use two spring-coupled co-axial toothed wheels, both engaged with 
the driving pifiion, so as to avoid back-lash. 
One cause of microphony, especially if the drive drum be rather 

large, is that the drum acts as a diaphragm, driven by the sound waves 
from the loudspeaker. Plenty of large holes in the drum will usually 

cure this trouble. 

Electrolytic Capacitors 
The chief improvements making for increased reliability are r ( 1) the 

almost exclusive use of sealed aluminium containers, and (2) the 
exclusion of all metal other than aluminium from the construction. 
The chief enemy of reliability is corrosion : therefore all foreign matter 

must be rigorously excluded; and this requires a perfect seal from the 
atmosphere, a design which specifies materials of high purity, and great 
care and cleanliness in manufacture. 

Great reductions in size have been achieved by replacing plain anode 
foils by either etched foils or by gauze hot-sprayed with aluminium 
(sometimes called'" fabricated plate" construction). 

Voltage.—The manufacturer specifies two voltages, one the maximum 
working voltage and the other the maximum surge voltage. 
The working voltage is equal to the sum of the direct voltage and the 

peak ripple voltage under conditions which make this sum a maximum. 
That is with maximum marked mains voltage input (plus 6 per cent 
for Electricity Supply allowed variation) to that mains tapping which 
produces the largest direct voltage. The voltage may be measured by 
means of a peak-reading voltmeter, or a close approximation may be 
made by adding V2 times the product of r.m.s. ripple current and 

reactance to the direct voltage. 
The surge voltage is that which occurs every time the set is switched 

on or under certain accidental conditions such as the open-circuiting of 
the H.T. line due to a dry joint. 

Ripple Current and Ambient Temperature.—In some uses, notably as a 
reservoir or integrating capacitor, considerable A.C. flows through the 
capacitor. The high-power factor of an electrolytic type then results in 
a temperature rise which, unless limited, will cause permanent damage. 
• It fellows that the user must be careful to keep the ripple current 
below a maximum laid down by the manufacturer, and also to ensure 
that the ambient temperature does not exceed a stipulated limit. 
The calculation of ripple currents is a complicated matter, depending 

on several factors, including the D.C. supplied, the source impedance, 
the forward rectifier resistance and the capacitance value. Such 
calculation is not recommended; it is better to measure the current in a 
prototype receiver, being careful to do.this under conditions giving the 
highest value likely to occur, and using a thermal meter to avoid wave 
form.error. However, to get a rough idea as to whether a given capaci-
tor will do, the ripple current may be taken as 1.25-1-5 times the D.C. 
for full-wave circuits and 2-3 times the D.C. for half-wave circuits. 
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CIRCUITRY 

The Aerial Circuit 

« Good selectivity before the frequency changer is essential for present-
day broadcasting conditions, especially in Europe. A useful figure for 
expressing selectivity of the typo required here is the image ratio, in 
decibels, i.e., the ratio : radio-frequency input of image frequency to 
radio-frequency input of signal frequency, both for standard output. 
If only a single tuned circuit be used, the high Q-factor necessary for 
good image rejection will result in some side-band cutting on long waves 
and to a certain extent on medium waves, at least at the low-frequency 
end of the band, resulting in a partial loss of the higher audio frequencies. 

Probably the best and most used system for a single tuned circuit is 
mutual inductance coupling with a high-impedance primary, resonating 
below the low-frequency end of the band with the combined capacitance 
of the aerial, the primary self-capacitance, and added shunt capacitance 
where used (the latter usually on long waves only). Whatever aerial is 
used (an aerial for medium and long waves may be regarded as mainly 
capacitative, of value approximately 30-450 pF, depending on length, 
with 100 pF as the average), to avoid feedback troubles the resonant 
frequency should be well clear of the intermediate frequency. This 
results in a primary inductance of about 3,000 µJ1 for medium waves. 
The coupling factor, a compromise mainly between gain, image ratio and 
tracking error requirements, is of the order of 15-20 per cent and the 
Q-factor about 160 at 1 Mc/s, out of the set, falling to about 100 for the 
" working" value in the set. The 3,000-µ11 primary may also be used 
for long waves by placing it between the medium- and long-wave tuned 
windings on the same former, and switching a capacitance across it to 
lower the long-wave resonance to a suitable value. Thislatter depends 
on whether it is desired to obtain a fairly uniform performance over the 
whole of the band, in which ca.» the resonance would be at about 0.8 of 
the lowest tuning frequency with the smallest expected aerial, or to 
'provide maximum gain at the frequency of a particular station such as 
Droitwich: for this a series capacitor of about 400 pF would be used to 
limit the effect of aerial change, and the resonance made to occur at 
200 kc/s with a 100-pF dummy aerial. 

Greater uniformity of aerial gain over the medium waveband may be 
obtained- by adding " top-capacitance" coupling to the magnetic 
coupling, i.e., connecting a capacitor of value about 3 pF between the 
aerial terminal and the grid end of the tuned winding. 
The relationship between adequate image ratio, Q-factor and loss of 

higher audio frequencies may be theoretically considered in an approxi-
mate way as follows, calculating Q from image ratio as described else-
where and in reference 10. For an image ratio of, say, 50 db at 200 ke /s ' 
(the aerial coupling improves this to, say, 60 db in practice) the 
" working " Q would be about 60, resulting in a band-width of 200/Q =-
34 kc is, i.e., the response is —3 db at about 1-7 kd/s. 
To avoid interference from stations operating on or near the inter-

mediate frequency, a rejector circuit should be included. This is 
usually connected across the primary winding of the aerial coil, and 
takes the form óf a capacitor of about 30 pF in series resonance with an 
inductor of Q-factor about 150, tuned by an iron-dust core to the inter-
mediate frequency. In a cheap set the rejector may be omitted, but 
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DESIRED 
SGNAL 
VOLTAGE • 
AERIAL «r 
CAFKITANCE 

,NTERFERENCE 
vOLT•GE. 

MAINS 

INTERFERENCE 
VOLTAGE. 

FIG. 10.—AERIAL INPUT FIG. 1 I .--ALTERNATI FE AERIAL INPUT 
CIRCUIT FOR NON•ISOL 11ED CIRCUIT FOR REUUCTION or MAINS-

CHASSIS. BORNE INTERFERENCE. 

provision should be made for easy fitting of one by a dealer in areas 
where this type of interference prevails. 
.-Better image rejection than is possible with a single-tuned circuit, and 

at the same time freedom from serious side-band cutting, can be 
obtained by using a band-pass input circuit. This method is little used 
today because of its cost (it -1quires extra coils and a three-gang 
capacitor), but details are given in reference 10. 

Receivers with Non-isolated Chassis 

Fig. 10 shows a medium-wave aerial circuit for a non-isolated 
chassis, simplified by omitting the wave-change switch; C, (500 pF) is 
the aerial isolating capacitor, which prevents the aerial becoming live in 
the event of an accidental short-circuit to chassis of any of the aerial-
coupling coils or of their associated wiring, e.g.. in the wave-change 
switch. Like service is performed by 03 (2,000 pF) for the earth lead; 
C2 is a chassis/earth capacitor, made as large as possible consistent with 
avoiding appreciable electric shocks to anyone handling the earth lead 

(0-01 SF). 
The inductor L3 is the high-impedance coupling coil, and L. the 

tuned winding. It will be noted that RE is the resistance of the earth 
connection (no " earth " has an entirely negligible resistance). 

Fig. 11 shows a circuit which is often used. It effectively isolates 
the aerial and earth sockets from the " live " chassis (not quite as well 
as Fig. 10 though, because there the aerial has C1, 03 and C. in series 
to the chassis instead of CI, alone in Fig. 11). However, Fig. 10 
is preferable, in spite of the extra cost of C3, for the following reason 
connected with mains-borne interference. 

In Fig. 11 the interference voltage between mains and earth 
produces a voltage across C., part of which reaches L3 via the aerial 
.capacitance, and is passed on to the rest of the set in the same way as 
the desired signal. In Fig. 10, however, this cannot occur. It is 
true that th3 interference voltage across C. will cause small circulating 
currents via the distributed capacitance between L. and L. or via 
" top " capacitance coupling if used, but the signal pp3duced at the grid 
end of L. by this means is smell compared with that produced there in 
Fig. 11. There is also an interference voltage across Ita: this is 
kept small by using a good " earth ". 
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Filter chokes in the mains lead cati be added to reduce the inter-
ference voltage across C,: they al.> obviously useless unless an earth 
connection is provided. 

Since there is no D.C. connection between the aerial and earth, due to 
the isolating capacitors, it is necessary to provide a path which will 
discharge static electricity collected by the aerial, thus avoiding the 
possibility of insulation breakdown; this is provided by a resistance R, 
(1 Mn). 

Short Waves 

(a) Large Cover Bands.—For domestic receivers it is usual to regard 
the aerial as a resistance of 400 ohms, and to choose coupling-coil turns 
experimentally for a compromise between gain, image ratio and signal-
to-noise ratio. In practice, the aerial impedance and phase angle vary 
widely over the short wavebands, so the 400 ohms is only a very rough 
average. 11 Loose coupling (of the order of 20 per cent or less) is there-
fore advisable in order to avoid undesirable effects of aerial resonances 
on the tuned circuit. 

(b) Bandspread Bands.—If a radio-frequency amplifying stage is 
included, it is satisfactory to have one coil for each band and to pre-tune 
it to the centre of the band. If the aerial circuit precedes the frequency 
changer directly, probably the best arrangement is to pad the gang 
capacitor to restrict its cover, and couple the aerial by capacitance. 
Fig. 12 shows an economical arrangemènt in which only the coils are 
switched, and one capacitor (C1) serves both as added " top" 
capacitance coupling on the medium-wave and S (3-2-9-3 Mc /a) bands, 
and as aerial coupling- on the bandspread bands. 

The Radio-frequency Amplifier 

Not many domestic receivers employ a radio-frequency amplifier 
today, because it adds to the cost, and quite good results can be obtained 
without one. However, it can improve performance considerably, 
especially on short waves. 
The figures in Table 5 based on the radio frequency amplifier to be 

described here, illustrate the im-
provements to be expected. 
The 6F1 valve, having a high slope 

(9 mAjvolt) yet moderately low 
anode current, produces less noise 
than the variable-mu type, 'which 
also has a much lower slope. This 
results in quite a good signal-to-noise 
ratio (e.g., 20 db for a signal of 7 HV 
at 15 111e,$). The receiver of Fig. 
24 incorporates this amplifier. L9 SAND-SPREAO 

Aerial Circuit 

On medium waves a band-pass 
aerial circuit is used : its good FIG. 
selectivity reduces the possibility MEET 
of cross-.modulation in the radio- WITH 
frequency valve. In Fig. 13 mutual 

S IA 

COILS 

1 2.—ECONOMICAL ARRANGE-, 
FOR AERIAL INPUT CIRCUIT 
BAND -SPREAD SHORT-WAVE 

BANDS. 
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TABLE 5.—EFFECTS or ADDING R .F.. AMPLIFIER 

Waveband 

Set with Rc.dio-
frequency Amplifier 
and Band-pass Input 
for Medium Waves 

Set without Radio-
frequency Amplifier 
but with Good Single-
Tuned Aerial Circuit' 

Gain at i n 
Aerial Image Aerial Image 

to Mixer Ratio to Mixer Ratio 
Grid (db) (db) Grid (db) (db) 

Medium .. 
3-9 Mais 
Bandspread 

11-49 in. 

• 

Bands, 

16-21 70-74 9-12 35-55 
24-26 30-57 9-10 18-29 

16-42 33-65 6-14 16-18 

inductance and shunt capacitance coupling between the two tuned 
circuits (L„, C,, and L10, C33) are provided by L, and C„ (0.02 SF). 
This mixed type of coupling reduces band-width variation as the set is 
tuned through the medium-wave range. 
In order to reduce cross-modulation from strong stations, the un-

by-passed cathode resistor R, (150 ohms) introduces negative current 
feedback with 6 db gain reduction, which can be increased by 20 db 
by operating the local/distant switch S,. This puts IL, (1,800 ohms) into 
circuit, but does not citer the bias to the radio-frequency valve, since 
the grid is D.C.-connected to the junction of 11, and R7 via R, ( 10,000 
ohms). 
To compensate for the reduction of valve-input capacitance, which 

would cr , se detuning with increase of feedback, a similar capacitance 
is coupled into the grid circuit by a much larger capacitance C11 (390 pF), 
transformer coupled by the winding L„. It is done this way because 
the capacitance required (2 pF) is too small for switching directly across 
the tuned circuit. 
The local station switch has four positions, and can be set to increase 

the feedbiick on medium waves or on the 3-9-Mc/ti band, either 
individually or together. There is also a position for maximum gain 
-on both bands. 

The 3-9-Mcis band uses a single gang-tuned aerial circuit. 
Each band,spread band has a circuit pretuned to the centre of the 

band, with tapped capacitance aerial matching. 
R, (39 ohms) prevents parasitic oscillation due to an unavoidably 

long lead to the gang capacitor. 

Anode Circuit 

On medium waves the anode circuit (Fig. 14) is basically a shunt 
rn-derived low-pass filter with a cut-off frequency of 1.9 Mc/s. R, and 
R„ are the terminating resistances; and C. and C6, made up of the 
valve and circuit strays, are the input and output capacitances. The 
components L15 and C,, (3.3 pF) resonate at 2-6 Mc /s, giving the filter a 
sharp cut-off, which is a maximum at approximately the highest image 



BROADCASTING RECEIVERS 14-35 

FIG. 13.—BAND-PASS TUNING CIRCUIT FOR RADIO-FREQUENCY 
AMPLIFIER. 

frequency on the medium-wave band. In addition, 1.57 and C55 (56 pF) 
form a series rejector circuit tuned to the intermediate frequency. 
This not only secures good rejection of signals of intermediate frequency 
(50 db for ratio of intermediate-frequency signal to desired signal at 
550 kc/s for same output) but also improves the signal-to-noise ratio: 
" noise " here includes all radio frequencies; the rejection of a narrow 
band centred on the frequency at which the frequency changer is most 
sensitive (i.e., the intermediate frequency) reduces the noise in the 
frequency changer output. 
For the 3-9-Mcis band (Fig. 15) the inductance L 11 is tuned by the 

gang capacitor C„ and the trimmer C„. The primary inductor L„ 
is the same coil that is used in the low-pass filter for medium waves, 
and is tuned by the valve and stray capacitances Cb to about 1.8 Mc 

V i 

1 en 

.1.. .11. 

I I k 
i 1  

FIG. 14.—MEDIUM-WAVE INTERSTAGE COUPLING. 
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I 

C11. 

WI« 

15.—INTERSTAGE COUPLING FOR 3-9-Mets • BAND. 

The stray capacitance Q, acts as " top " coupling which combines with 
the mutual inductance (k 0.1) of L„ and 1.16 to give a gain constant 
within ± 1 db over the band. 
On the bandspread bands the capacitor which couples the tuned 

circuit to the anode is chosen so as to resonàte with the tuning inductor 
at the image frequency. It is sufficient to use the same coupling 
capacitor for each pair of adjacent bands. As an example of the extra 
image rejection obtained by this method, this figure is 20 db for the 
25:m. band. The method necessitates the oscillator frequency being 
lower than the signal frequency.3 
On the four lower-frequency bandspread bands the cathode resistance 

is switched to a higher value in order to reduce the gain (although not 
designed as a variable-mu valve, the 8F1 characteristics permit limited 
control of gain by bias change). 

Simplification Using a Two-gang Capacitor 

In the above radio-frequency amplifier, one one section of the three-

gang capacitor is not used on the R R 
bandspread bands, and by dis-
pensing with it on the medium 
waveband and the 3-9-Mcis band ! L 2 
a two-gang capacitor could be i c 
used, at some sacrifice of perform- i 
ance on these bands. I I 

On medium waves a high Q. clu 1 
high-impedance primary aerial c z co 
circuit eould replace the band-

1 CFrg 
1 1 I 

pasa arrangement, the same low- CO 
pass filter being used in the anode i 1 
circuit. Gain and signal-to-noise 1 

ratio on medium waves need not FIG. 16.—ALTERNATIVE ARRANGE-
suffer from this change. On the MENT FOR 3-9-MC/S. 
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other hand, imr.ge ratio, freedom from cross-modulation and from side-
band cutting would suffer somewhat, although the loose coupling made 
possible by having the high gain of the amplifier means that image 
ratios of the order of 55 (including the effect of the anode circuit) could 

be obtained. 
On the 3-9-Mcfs band the gang-tuned anode circuit could be replaced 

uy a circuit such as that of Fig. 16, in which LI resonates with the 6F1 
anode " strays " at about 3-75 Mcis and LI with the frequency changer 
grid " strays " at about 8 Mcis, the gain peaks being damped by 
registors R of about 2,500 ohms each. In this way, gain and signal-to-
noise ratio would be affected little, but the imago ratio would fall to 

about 18-29 db. 

The Frequency Changer 
The design of frequency changers in mains-operated broadcast 

receivers has not changed appreciably in recent years, the valve being 
almost always a triodo-hoptode or triocle-hexode and tho circuit a 
standard one with small variations, chiefly in the typo of oscillator 
feedback employed. A typical circuit is shown in Fig. 17, which also 
illustrates an economy measure now almost universal in low- and 
moderately-priced receivers: the omission of the cathode biasing 
resistor and its attendant by-pass capacitor. With this omission the 
cathode current is kept within its limit by lowering the screen volts. 
Under no-signal conditioini a small negativo bias -is applied to the 
frequency changer from the automatic gain control diode. This bias 
voltage varies according to the type of diodo and its life, being of the 
order of 0-5-1-2 volt. It is the net result of contact potential (positive) 
and. initial velocity of electrons (negative).'2 

For battery receivers, frequency changers, such as the heptodes DK92 
,(filament current 0.05 A.) and DK96 (filament current 0-025 A.) have been 
produced. A typical receiver employing the DK92 (or equivalent 1C2) 
is shown in Fig. 19. The following recommendations, however, apply 
to both the DK92 and the DK96; see reference 
The oscillator circuit should be of the tuned-grid type with an anode 

reaction winding. This avoids too great an oscillatory voltage on the 
second grid (virtual oscillator anode), which would reduce the con-
version gain. Anode series feed is used for better oscillator drive and 
better high-frequency performance. 
For medium and long waves the reaction winding should be wound 

in a single layer on top of or underneath the tuned winding. For 
short waves the reaction winding should be of thin wire (34-38 S.W.G. 
approximately) interwound with or close to the earthy end of the tuned 
winding. No booster coil is needed for the DK92, but one should be 
used with the DK96 for a large-cover short-wave band. For example, 
for a 6.0-18-7-Mcis band., a booster circuit (Fig. 18) consisting of an 
inductor resonating with a capacitor of 68 pF at about 4•S Mois would be 
connected across the reaction winding. The booster circuit increases 
the drive at the low-frequency end of the band, where unaided it would 

be weak. 

OSC GPO 
ITC 60 OK ANODE FIG. S.—OSCILLATOR BOOSTER 

CTC CIRCUIT. 

MT • 



FIG. 19. -FOUR-VALVE, THREE-WAVEBAND RECEIVER WITH BATTERY ECONOMY CIRCUIT. 
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With both valves, a neutralizing capacitor is necessary to avoid 
excessive " pulling" on short waves above about 13 Mc /a. It is 
adjusted for minimum oscillator volts on the signal grid. The value 
required is about 2 pF, and varies but little with frequency. At 
one time a variable capacitor was required, and was often constructed 
by winding a few tun s of insulated thin wire round a thick wire, later 
removing turns to ac 1st the capacitance, but a close-tolerance fixed 
capacitor suitable for this work has now become available. For the 
6-0-1 8-7-Mes band, i eutralization at the upper frequency trimming 
point (around 17 Mc/s) is satisfactory. 

Son times it is desired to manufacture mains and battery •versions of 
the same basics receiver: economical production is then assisted by 
using common components as far as possible, and the designer can help 
here by starting with the battery set. The same coils can then be used 
in the mains versions, with in most cases no change other than shunt 
feed instead of series feed (to avoid re-modulation feedback along the 
H.T. line due to higher gain in the mains set) and a higher oscillator 
anode feed resistance to limit oscillation amplitude. 

The Intermediate-frequency Amplifier 
In recent years there has been very little change in the design of 

intermediate-frequency amplifiers, apart from the improvement in 
transformers already described. Variable selectivity (usually done by 
switching into circuit a tertiary winding closely coupled to one coil and 
in series with the other) is now seldom found, partly because there are 
few places where a wide band-width can be used." 
As in the case of the frequency changer, the cathode bias resistor 

and by-pass capacitor have been increasingly omitted from the inter-
mediate-frequency amplifier vals e in mains-operated receivers. A 
defect is that the diode bias may be so small that intermediate-frequency 
valve grid current flows and damps the intermediate-frequency trans-
former, causing a drop in sensitivity with inputs small enough to 
generate little or no automatic gain control voltage (A.G.C.). With this 
system it is therefore inadvisable to carry out production testing with a 
small audio output such as the 50 mW frequently employed in the past, 
but to use instead a larger output such as 500 mW, so that sufficient 
automatic-gain-control volts are generated to bias the valve beyond 
grid current cut-off. Otherwise the " spread " of sensitivity in produc-
tion sets will be very large and will make more difficult the detection of 
faults in the receiver. 
Only rarely, in the most expensive receivers, is more than one valve 

used in the intermediate-frequency amplifier of a mains receiver, but 
one extra valve is sometimes added to a battery receiver using 1-4-volt 
valves, in order to increase gain, and this may use a resistive load for 
economy, giving a gain of about 15-20 db. 

The Detector 
By this is meant the rectifier which produces an audio voltage from 

the modulated intermediate-frequency voltage. It is sometimes called 
the " second detector " to distinguish it from the mixer or first detector. 
Design has changed little in the past decade, the diode being almost 
universally employed. The negative direct voltage developed by this 
diode is frequently used to provide automatic-gain-control bias for 



FIG. 20.—PORTABLE A.C. MAINS BATTERY RECEIVER FOR MEDIUM AND Sirowr W AVES, WITH R.F. AMPLIFIER. 
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some or all of the preceding valves, and to operate a cathode-ray tuning 
indicator. 
Medium-wave broadcasting stations have tended to increase their 

average depth of modulation, especially during the winter, in order to 
combat more effectively, interference from foreign stations. This 
increase of average modulation depth has made it more than ever 
necessary for receiver designers to provide a high value of A.C./D.C. 
load ratio for the diode detector, for« it can be shown " that the A.C./D.C. 
load ratio is approximately equal to the value of modulation depth at 
which distortion begins to be severe. The A.C./D.C. load ratio can be 
increased in a few ways. For example, the diode load can be tapped, 
so that the volume control only shunts its lower portion at A.C., or the 
volume control can be the diode load, and grid leak bias with a high 
value of grid leak (about 20 Ms)) can be used ¡tn.. the following audio-
frequency amplifier. The latter method results in a flow of D.C. 
through the track, which can increase the possibility of noise, although 
the blocking capacitor necessary with this form of bias prevents grid 
enrrent from flowing via the slider, thus reducing noise from this cause. 

In calculating the A.C./D.C. load ratio, no A.C. shunting must bo 
overlooked: in addition to the audio take-off there may be automatic 
gain control and tuning indicator loads. Tho automatic-gain-control 
filter resistor should be made as high as possible consistent with not 
exceeding the valve-makers' figures for maximum grid-circuit resistances 
of the automatic-gain-control-fed valves, and the tuning indicator 
should if possible be fed from the automatic-gain-control line instead of 
direct from the signal-diode load. Often automatic-gain-control volts 
may be obtained from a tap on the diode load. 

If an extra valve can be afforded, audio-circuit A.C. shunting can be 
almost entirely removed by inserting a cathode follower or grounded 
anode amplifier between the detector and the first audio-frequency 
amplifier, because heavy negative feedback gives the cathode follower 
a very high input impedance. 

Further information on diode detectors and the reduction of distor-
tion therefroin has been given elsewhere." 

Automatic Gain Control 
For the majority of receivers, the trend has been away from delayed 

automatic gain control, partly on cost grounds and also because the 

Fie. 21.—AuTo• 
MATIC • OAIN CON. 
TROL CIRCUIT ' WITH 
NEGIIGIBLE DIF-
FERENTIAL LOAD - 

INC. 
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simple system usually employed (with delay from bias on tile automatic-
gain-control diode) causes distortion over a small range of signal levels, 
due to the diode input impedance changing as the diode conduction 
starts and stops with varying carrier amplitude. The effect is reduced 
by a high ratio of diode A.C. load resistance to tuned circuit impedance. 
A better method is to use an extra " side-chain " intermediate-

frequency amplifier valve for automatic gain control alone, or to employ 
two diodes as well as the signal diode (Fig. 21) : D 2 conducts due to the 
positive potential applied from the divider R2R2 via R 6, until the signal 
on D, produces a sutdcient negative voltage (applied to D, via R4) 
to neutralize the positive potential and stop D 2 conducting. If a, is 
made at least twice R3, the loading of D, on the intermediate-frequency 
transformer will be constant enough for the distortion due to varying 
load to be negligible. Until D2 stops conducting, its anode will have a 
small positive potential with respect to its cathode; hence the return 
of the cathode to a negative point to supply a negative voltage to the 
grids of the controlled valves under weak signal conditions. 

Sometimes a variant of this circuit is used in which the intermediate 
frequency valve suppressor and cathode are used instead of D 2 ; this 
method has, however, given trouble due to large variations in " diode " 
resistance from valve to valve. 

Audio-frequency Amplifier 
The design of audio-frequency amplifiers for normal domestic receivers 

has changed little in the past decade, the only significant trends being 
the increased uso of negative feedback in association with the output 
stage and of grid leak bias, 

l'he leer arrangement is economical because it renders unnecessary 
the eleeUrolytic by-pass capacitor used to prevent loss of gain by 
negative feedback when a cathode self-bias resistor is used, and it 
assists/in obtaining a good A.C./D.C. load ratio when the amplifier 
valve is directly capacitance-coupled to a volume control used as (or 
DOE-connected to) the diode load. 
The method makes use of the grid current which flows through a high 

grid leak (of the order of 5-20 Mil) as a result of several causes (chiefly 
contact potential, initial electron velocity and gas current combined), 
to produce negative grid bias. The amount of static bias is determined 
by the intersection of the grid-leak load line and the total grid current 
curve, and is of the order of 0-5-1-2 volts for the usual indirectly heated 
valve. Distortion in the form of peak-clipping occurs due to partial 
rectification, but for normal outputs the overall distortion is hardly any 
greater than with cathode bias, provided that the source impedance is 
kept small enough. For example, with an EBC41 triode using a 
2o-Ma leak, a source impedance not greater than 0-2 Ms), an anode 
load of 0-22 Ma, fed from a 150-volt supply, and followed by a grid 
resistor of 0-68 Nin for the following valve, the total distortion is 
2.5 per cent for an output of 8 volts r.m.s., the input being 0-17 volt 
r.m.s. For 5 per cent total distortion the output and input bacome 
14 volts and 0-29 volt compared with 18-5 volts output and 0-38 volt 
input, if the optimum cathode bias be used instead of grid-leak bias. 

The Output Stage 
Here again the c: Jf trend lies in the increased use of negative feed-

back (discussed lati 
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C 2 

FIG. 22.—HUM CANCELLATION 
W IND ING ON OUTPUT TRANS. 

ce FORMER. 

Another very popular trend for low- and medium-priced receivers is 
the use of a hum-cancellation winding on the output transformer. So 
w extra turns are needed that they cart usually be added to an existing 

design with little or no alteration to the number of primary turns. The 
output transformer can then be connected direct to the reservoir 
capacitor (32 or 50 µF) instead of via a smoothing choke or resistor, thus 
saving this component and requiring less output from the mains trans-
former, in some cases permitting electrolytic capacitors of lower working 
voltage to be used (Fig. 22). 
The operation is as follows: the A.C. due to the hum voltage present 

at the tap on the primary winding branches into the two parts A and B. 
By suitably choosing the tap ratio in relation to the smoothingjesistor 
R, and the internal resistance (r say) of the valve, the magnetic fields 
of A and B approximately cancel: so thEit no appreciable current of hum 
frequency flows in the speech coil. Mathematically, if 1,, be the A.C. 
through A and ra, 4 that through B and R1, while N,, and N6 are the 
turns, then I ,,Nb = I5N6 (for equal ampere-turns) and /0.. --- I bR 
(for equal potentials at ends of primary, he., zero potential difference 
across primary; we neglect the voltage across C2) 

N„ Nb 

• • rig = Ri 

There will be some residual hum because r„ is a non-linear resistance 
and because of hum entering the valve via the control and screen grids. 

Push-Pull Stages 

Many systems of phase-reversing for push-pull operation have been 
used; one is the self-balancing phase reverser (Fig. 23). 
The voltage feedirg one output valve is stepped down to the. grid of 

Ve by a voltage divider R,R. V„ produces the desired phase reversal, 
its anode being used to feed the other output valve. The self-balancing 
feaure is achieved by heavy local negative feedback via xR, so that 
with carefully calculated resistance values and tolerances, the output 
voltage of the phase reverser is substantially equal to its input, whatever 
the gain of V. itself (within wide limits). 
A formula for resistor relationships may be derived us follows: 
Let V be the alternating input voltage; — V is then the output. 
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FIG. 23.—SELF-BALANCING PHASE 
OJTPUT REVERSER POR USE WITH PUSH-
FROM PULL OUTPUT STAGES. 
AUDIO 

AMPLIFIER 

V 

1 4-45 

TO 
II + I, OUTPUT 

VALVE 
-V GRIDS 

Taking the other currents and voltages as in Fig. 23, where M is the 
gain of the phase-reversing valve without feedback, -we have : 

V 
— V = Kr xR . . . (1) 

and V = RI, + R(I, 12) 

2 V 
+ RI, • (2) 

since V 
I,R, 

RI 
Eliminating from (1) and (2), we have 

V 

— M 1 
x  

211 — 2 • ( 3) 

It will be noticed that the higher M is, the less dependent on M is x. 
For other phase inverters, sec references ".". 19. 
The push-pull output valves themselves are used most often in Class 

AB, (for classification of amplifiers, see Section 23), in order to achieve 
economy of power-supply components. 
When still greater economy is desired, as in battery receivers, Class 

B, or " Q.P.P." is frequently used. This is really a " push-push " 
system, since each valve " pushes" while the other does nothing. 
Although fixed bias gives the best results with Class B„ bias from the 
voltage drop across a resistor in the H.T. negative feed is frequently 
used because it avoids the need for separate bias batteries or H.T. 
batteries with special tap sockets, into which, it was found, users tended 
to put the wrong plugs. 

Further information on push-pull circuits is given in refer-
ences 17, 18, 19. 20. 

aattery Economy Circuits 

In addition to the well-known Class B„ or " Q.P.P." circuit, a lesser 
known circuit for a single-ended output stage has been used: see 
Fig. 19. The standing bias voltage produced across R„ by the total 
H.T. current flowing through it is sufficient to bias V4 so that it draws 
very little current. When an audio-frequency voltage is applied to V„ 
it is necessary to reduce the bias to normal to avoid distortion and lose 
ii output. This is done by rectifying a portion of the audio anode 



14-46 RADIO AND TELEVISION REFERENCE BOOK 

voltage (fed via C,,, stepped down by It', R18) using a small metal 
recti..:3r connected so as to produce D.C. of opposite polarity to the bias 
across R18. The resultant voltage is fed to V 4 grid via the filter circuit 
R8, and 034, the grid leak R 14 and the grid stopper R. 

Power Supply 

Mains Receivers 

In power-supply circuits for ordinary mains broadcast receivers the 
only significant changes in the years under review have been as follows: 

(i) The availability of small electrolytic capacitors of large 
capacitance has enabled the smoothing choke (which had already 
replaced the speaker-field winding owing to the development of the 
high-flux permanent-magnet speaker) to be dispensed with in most 
cases. Nowadays one electrolytic capacitor unit suffices for the 
smoothed H.T. supply of a low-priced mains receiver. The unit 
containe two capacitors, usually of 32 or 50 e each, for use as 
reservoir and filter capacitor, with resistance smoothing often aided 
by an output transformer with hum cancellation. Sometimes a 
further stage of smoothing, using a resistor and tubular capacitor 
of 0.1 or 0-25 e, is added for the first audio-amplifier valve. 

(ii) Tho development of smaller and cheaper convection-cooled 
metal rectifiers has resulted in their use instead of valves in some 
cases. This tendency is likely to increase as more types of contact. 
cooled rectifier become available at competitive prices. 

(iii) The development of A.C.-mains-type rectifier valves with 
better heater-cathode insulation has resulted in many receivers 
having the rectifier heater wired in parallel with the receiving-valve 
heaters, thus eliminating the rectifier-heater winding from the 
power transformer. Some valve manufacturers do not, however, 
approve of this technique, holding that it lowers reliability. 

In a small A.C. /D.C. /battery portable set for 200/250-volt mains, 
the problem of dispersing the heat developed in dropping resistors, with-
out unduly raising the temperature of other components and the cabinet, 
is a difficult one, solvable, however, by measures such as those already 
described under " Ventilation" (page 14-3). If the same set were 
altered to A.C. operation with a mains transformer, the consumption 
in watts would fall in a typical case from 19 to 10-5 watts, with filaments 
still series-fed through a resistor from the 90-volt H.T. supply, or to 7 
watts, with filaments parallel-fed from a separately rectified low-voltage 
supply. Thus A.C. transformer operation eases or removes the heat 
problem. 

A.C./D.C./Battery Receivers 
The usual arrangement is for one rectifier to supply both H.T. and 

filaments, the rectified voltage being dropped to a low value for a series 
filament chain by a resistor and to 90 volts for the H.T. by another 
resistor. The filaments need individual shunt resistors in order to keep 
their voltages within prescribed limits (allowing for the different cathode 
currents), and to ensure that the limit voltage(s) of the filament-smooth-
ing electrolytic capacitor(s) is/are not exceeded. A resistor in series 
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with the rectifier has its value chosen so that substantially equal output 
voltages are obtained on D.C. and A.C. mains. 

Particular care is necessary in choosing mains tappings and resistor 
tolerances in order to keep within the valve manufacturer's limits for 
filament voltage. The problem is eased if a lamp is used as a barretter, 
and it may be used also for scale illumination. 

Detailed information on this type of power supply is given in 
reference 81. 

A.C./Battery Receivers 

There are several systems in use. In one, for example, a transformer 
produces a 90-volt D.C. supply, and the voltage is dropped for a series 
filament chain by a resistor. In another, a transformer has two 
secondary windings, each of which feeds a rectifier, one producing H.T. 
at 9t volts and the other L.T. at 1.3 volts after smoothing. The latter 
arrangement is preferred by valve manufacturers, because the valves 
are designed primarily for constant-voltage operation. An important 
pint concerns the choice of reservoir capacitor for the filament supply, 
because the normal tolerances of this, —20 + 50 per cent or even 
—20 100 per cent, can rause large variations in filament voltage 
unless the nominal capacitance is chosen high enough. A plotted 
curve of reservoir capacitance against output voltage is the best way to 
decide. In a typical case (with a smoothed supply of 225 mA). the 
curve flattened out at about 3,000 /LI', which meant that the reservoir's 
nominal value would have to be at least this, unless a lower value with 
special close tolerances were used. 
Some degree of L.T. voltage stabilization may be achieved by using 

a metal rectifier connected in shunt. 

Battery Receivers 

The set with a 2-volt accumulator and a dry H.T. battery has nearly 
disappeared. This results from the increasing electrification of homes 
and the convenience of all-dry batteries. 
The table set worked from a car-type accumulator with a vibrator 

and transformer—at one time in great demand for export markets—is 
also tending to be replaced by one operating solely from dry batteries, 
presumably because of the inconvenience of transporting and re-charging 
a car-type battery. The larger " all-dry " sets usually have push—pull 
output. 

Negative Feedback 

Seven main applications of negative feedback, numbered ( 1)—(7), 
have been listed earlier (page 14-8). 

In broadcast receivers (excluding high-fidelity equipment) it is not 
usual to employ feedback for reduction of distortion and of hum 
alone ( 1); the feedback is usually made frequency selective for tailoring 
or levelling responses (3), perhaps in conjunction with tone control, (4) 
and/or compensated volume control (5). 
, An example of partially compensated volume control by negative 

feedback appears in the small A.C./D.C. mains receiver of Fig. 17, 
where 11„, C„ and R„ result in a diminution of middle and high fre-
quencies as the volume control is turned down, giving an effective bass 
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lift. The feedback almost disappears when the volume control is at 
maximum, so the loss of sensitivity is negligible. 
An example of (6), preventing a high gain radio-frequency amplifying 

valve from being overloaded by strong signals, is given in Fig. 13. 
Negative feedback needs care in use to avoid phase changes great 

enough to produce positive feedback, and hence, if the loop gain he 
enough, oscillation. Mathematically, if the loop gain and phase-angle 
shift be plotted on polar co-ordinates, the amplifier will be stable if the 
locus does not include the point 1,0. An approximate rule, covering 
most cases and avoiding the necessity for plotting the locus, is : if the 
loop gain be less than unity wiled the phase angle is + 180° and when it 
is — 180', the amplifier is stable. 'See also pages 1-51, 10-26 and 
references 22 and 23. Component tolerances, warming-up conditions, 
mains-voltage changes and speaker-load variations must all be taken 
into account. Oscilloscope checks are advisable for showing supersonic 
oscillation, sometimes only over one narrow portion. of the signal cycle, 
over a narrow band of audio frequencies. 

Tone Controls 
There are four basic types of tone control, each of which may be used 

alone or in Combination with one or more of the others : 

(1) adjustable treble rise (or high frequency intensification) ; 
(2) adjustable treble cut (or high frequency attenuation); 
(3) adjustable bass rise (or low frequency intensification); 
(4) adjustable bass cut (or low frequency attenuation). 

Treble rise may be obtained without further loss of gain, if negative 
feedback is in use, by reducing the feedback at high frequencies. The 
gain loss can be made virtually negligible by arranging for the feedback 
(and with it the treble rise) to diminish as ihe volume control is turned 
up. The treble rise may be adjusted by using a switch or variable 
resistance to restore the high-frequency feedback in varying degrees. 

Treble cut may be obtained without the uso of feedback by shunting a 
capacitor across a portion of the audio circuit. It may be adjusted 
(1) by switching different capacitors, (2) by using a variable capacitor or 
(3) by using a variable resistance in series with one capacitor. For 
interference reduction the variable-resistance method is the least suit-
able, since—for any resistance value other than zero—a horizontal 
" shelf " is formed in the response curve; this is because the resistance 
sets a limit to the attenuation at frequencies above those at which the 
capacitor's reactance is negligible compared with the resistance. 

Treble cut may be obtained with negative feedback.by reducing the 
feedback at middle and low frequencies, using a switch or variable 
capacitor or resistor to vary the effect. 

Bass rise may be obtained without further loss of gain, if negative 
feedback is in use, by reducing the feedback at low frequencies. The 
loss can be made virtually negligible by arranging for the feedback (and 
with it the bass rise) to diminish as the volume control is turned up. 
The bass rise may be adjusted by using a switch or variable resistance 
to restore the low-frequency feedback in varying degrees. 

Bass cut may be obtained without the use of feedback by reducing 
the size of the coupling capacitor between two valves. It may be 
adjusted by switching different capacitors, or by shunting a variable 
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DETECTOR 
CIRCUIT 

FIG. 25.—TONE CONTROL CIRCUIT PROVIDING Two POSITIONS OF TREBLE 
RISE AND Two OF TREBLE CUT USING A FOUR-WAY ONE-POLE SWITCR 

(IRRELEVANT PARTS OMITTED). 

resistor across the capacitor. The shunted variable-resistor method 
has the disadvantage that the lowest frequencies aro not attenuated as 
much as may be desired at intermediate control settings, whores low-
to-middle frequencies may be attenuated too much. Here again, this is 
because—for any resistance value other than zero—a horizontal 
" shelf " is formed in the response curve. 

Bass cut may be obtained with negative feedback by reducing it at 
middle and high frequencies, using a switch or a variable resistor to 
vary the effect. 

Figs. 25 and 26 give two examples of tone-control circuitry. Fig. 25 
uses negative feedback to give two positions of treble rise, and 
capacitance shunting to give two positions of treble cut. The effective-
ttess of the treble cut diminishes as the volume control is turned down, 
because here the feedback is at its maximum and tends to level the 
frequency response at high frequencies. If this effect is not desired the 
capacitance shunting may be transferred to a pre-volume control 
position, care being taken to reduce worsening of the diode A.C./D.C. 
load ratio by the use of a series-isolating resistor. 

In Fig. 26 the potentiometer gives treble rise in one direction (by 
reducing the feedback at high frequencies), and treble eut in the other 
(by increasing the effect of a capacitance shunt). The rheostat adjusts 
the amount of bass rise. 
An example of very wide range bass and treble controls, both pro-

viding rise and cut, and employing an extra valve section to make up 
for he resulting loss of gain, is shown in Fig. 39. The connection of 
C64 to the tap on the treble contt:ol reduces considerably the shelf" 
effect mentioned above and increases the ability of the instrument to 
reduce interference such as needle scratch without too much sacrifice 
of the desired high frequencies. 

Pick-up Connections and Radiogramophones 
Switching.—It is usual to provide pick-up sockets on all mains 

receivers except the smallest. Usually they are switched across the 
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TO 
DETECTOR 

I. 1/1. 1 1- 111 

FIG. 20.—TONE CONTROL CIRCUIT PROVIDING CONTINUOUSLY VARIABLE BASS 
AND TREBLE BY ADJUSTABLE FEEDBACK NETWOLS. 

volume control by a radio ¡gramophone switch or by contacts on the 
wave-change switch, but switching is sometimes omitted in the cheaper 
receivers: in this case the user has to remove the " live " pick-up plug 
when wishing to listen to the radio, and to tune away from stations 
when the gramophone side is desired. In addition, tho diode which 

remains connected may cause distortion. 
Even when a changeover switch disconnects the detector audio out-

put from the volume control for gramophone use, strong stations may 
break through unless further switching is carried out, such as dis-
connecting the H.T. supply to the frequency changer. 
Audio Gain.—The normal receiver with a high-gain triode as the only 

audio amplifier preceding the output valve has insufficient gain for some 
types of pick-up if the correct compensation for recording character-
istics—including long-playing types—is to be provided. Gain i:: 
usually insufficient with moving-coil pick-ups and some moving-iron 
types. Crystal types, on the other hand, provide sufficient output. 
To cover the less-sensitive pick-ups, extra gain can be obtained in 

several ways. For example, a pentode can replace the triode, approxi-
mately doubling the gain, or a pre-amplifier valve can be used. This 
may be either an extra valve, or an existing valve in the set may be 
given a second function when the gramophone switch is operated. The 
triode section of the frequency-changer, or the intermediate-frequency 
amplifier valve, is occasionally used for this purpose. 

Non-isolated Chassis.—Three pick-up sockets, each with an isolating 
capacitor, aro necessary if' hum is to be minimized. 1f only two 
sockets--as in Fig. 27--were used, part of the hum voltage between the 
cathode line (at mains potential) and earth would appear across one 
isolating capacitor in series with the grid- cathode circuit of the valve. 
The lower isolating capacitor cannot be made sufficiently largo to reduce 
this hum without exceeding the limit prescribed under the revised Safety 
Specification B.S. 415. 1f, however, three sockets are used— Fig. 2S— 
it will be seen that no part of the hum voltage appears in the grid— 
cathode circuit. In preertice, there w ill still be a little hum because 
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the simplified simplified circuit ignores several stray capacitances, such as those 
between the conductors inside the screened lead and the screen. 
The resistor across the pick-up sockets is necessary for crystal pick-

ups, since a high electrostatic potential difference can be built up across 
such a pick-up, causing distortion unless its insulation resistance be 
fairly low or a conducting path be provided. 

Compensation for Recording Characteristics 

The necessary compensating components vary considerably according 
to the type of pick-dp and the receiver audio response. The problem 
also arises as to how different compensating networks can be connected 
when a standard head (for records with the present British 78-r.p.m. 
recording characteristic) is changed for a long-playing head. 
Where cost is a secondary consideration a switch can be mechanically 

coupled to the speed-change lever on the record player or changer 
and this switch can, of course, contain sufficient contacts to perform all 
network changes necessary for near-perfect compensation for both 
heads. 
A cheaper method, when the now common three-pin plug-in heads are 

used, is to utilize a cross-connection in one head and if necessary a 
different cross-connection in the other, to modify a compensation net-
wórk connected at the other end of the three-way lead. Alternatively, 
or in conjunction with this method, a small resistor may b fixed in the 
coupling adaptor between one pick-up and arm, with either no resistor 
or a different value in the adaptor for the other pick-up. 

Progress in crystal pick-up design has resulted in turn-over models 
with electro-mechanical compensation such that satisfactory results are 
now possible both on standard and long-playing records without any 
network switching, and with either no electrical compensation at all or a 
very simple network. 

Further information on compensation is given in Section 34. 
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V.H.F. BROADCASTING RECEIVERS 

A recent development in Britain has been the commencement of a 
regular V.H.F. broadcasting service to overcome the deficiencies in the 
normal service, caused by interference from foreign stations in the 
medium and long wavebands. After prolonged trials by the B.B.C. 
based on experimental transmissions from Wrotham using both ampli-
tude modplation and frequency modulation the Television Advisory 
Committee recommended frequency modulation. The latter system 
has been in use in the U.S.A. for a considerable time and in Germany 
and a number of other countries during the post-war period. 
The advantages of a V.H.F. service compared with the present 

medium- and long-wave service are: 

(i) Reception is lèss troubled by interference from undesired 
stations. - 

(ii) The spacing of V.H.F. stations can be such that the adjacent: 
channel selectivity requirements of the receiver are met without the 
side-band cutting now severely experienced in medium- and long-
wave receivers coping with the standard 9-kc is spacing. This 
means that a good high-frequency audio response is possible. 

The main reasons why the Television Advisory Committee recom-
mended frequency modulation for the V.H.F. service are: 

(i) The transmitter cost is much less than for amplitude 
modulation. 

(ii) The difference in receiver costs appears to be extremely small. 
(iii) The problem of accommodating all the stations required for 

a national coverage of three programmes in the available 88-100 
Mc /s band apphars to be more easily solved by a frequency 
modulation service. 

Frequency-modulation Receivers 

Since the combined amplitude-modulation/frequency-modulation re-
ceiver is undoubtedly the most popular type, the following brief de-
scription applies to a typical receiver of this category. 

SiZICerFIU. 

F REGENCY 

CHANGER AMPLIFIER 

RATIO 
OCT ECTOR 

+ DE-EMPHASIS   

TUNING 
INDICATOR 

OUTPUT 

DIODE 
DETECTOR OUTPUT 
4- A.4.C. GEN AmPunt"   

TUNING 
INDICATOR 

Fla. 29.—SCHEMATIC CIRCUIT DIAGRAM or F.M./A.M. RECEIVER. 
In practice, most valves will be used for both F.M. and A.M. reception. Inter-

mediate frequency F.M. 107 leis, A.M. 470 itcht. 
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Fig. 29 is a schematic diagram of the frequency-modulation and amp-
litude-modulation circuits. 

Within this framework, several different valve arrangements are 
possible: 

Example (I, 

FREQUENCY-MODULATION RECEPTION 

(i) The radio-frequency amplifier is a separate pentode or grounded-
grid triode (not used on amplitude modulation). 
• ( ii) The frequency changer is a separate triode, as self-oscillating 

additive mixer, with the signal voltage .fed to a bridge-balanced null 
point on the oscillator coupling coil, in order to reduce oscillator radia. 
tion, and positive feedback to remove the damping of the triode 
on the intermediate-frequency transformer (not used on amplitude 
modulation). 

(iii) The first intermediate-frequency amplifier valve is the heptode 
section of a triode-heptode, the triode section not being used on frequency 
modulation (both sections used on amplitude modulation). 

(iv) The second intermediate frequency amplifier valve is a variable-
mu pentode which may have a higher slope than the type hitherto used 
for amplitude-modulation sets (also used on amplitude modulation). 

(v) The ratio detector valve is'one bulb containing two well-matched 
low-resistance diodes (not used on amplitude modulation). It is 
followed by a de-emphasis circuit (frequency modulation only). 

(vi) The tuning indicator is a normal electron-beam type (also used 
on amplitude modulation). 

(vii) and (viii) The audio-frequency amplifier and output valves 
follow normal amplitude modulation practice (both also used on ampli-
tude modulation as also are detector and automatic-gain-control diodes 
in the same bulb as the amplifying triede). 

AMPLITUDE-MODULATION RECEPTION 

This follows normal practice. 

Example (2) 

The radio-frequency amplifier and frequency changer are triodes as in 
Example ( 1), but are contained within the same bulb, which incorporates 
a screen between the two sections. 

Example (3) 

The ratio-detector diodes and one diode for amplitude-modulation 
detection and automatic gain control are contained within the same bulb 
as the triode audio-frequency amplifier, making the valve .a triple-
diode-triode. 

DESIGN OF COMBINED V.H.F./A.M. RECEIVERS 

The remainder of this sub-section is devoted to the design of com-
bined amplitude-modulation/frequency-znbdulation receivers and of 
adaptors for use with existing amplitude-modulation receivers. 
The amplitude-modulation portion will not be described further 

except where it links with the frequency-modulation part. Through-
out, the term " frequency-modulation " (abbreviated F.M.) will be taken. 
to mean frequency-modulation in the very high frequency band. and 
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"amplitude modulation" (abbreviated A.M.) to mean amplitude 
modulation in the low-, medium- and high-frequency bande. 

The Aerial 
A suitable type of aerial is the half-wave dipole described in Section 

21. For connection to the receiver, 70-80-ohm balanced twin feeder 
is suitable; normally this will be unscreened, but in areas where 
electrical interference (usually ignition) is very bad, markedly greattr 
freedom from such interference will be obtained by using screened 
balanced twin feeder. 

In areas of signal strength greater than about 1 mV/metre it will often 
be found that a good internal cabinet aerial will suffice. It is convenient 
to make such an aerial of two strips of paper-backed foil about 2 in. 
wide, glued to the cabinet roof and sides, or to the oabinet back. Unless 
the cabinet is very large, the 62 in. or so needed to make a half-wave 
dipole cannot be accommodated, and it will be necessary to use a loading 
coil at the centre to tune the aerial to the centre of the frequency band. 
It should be noted that Band II will be ultimately 87.5-100 Mc /s ; the 
B.B.C. are using only 88.1-94.5 111c/s • for as long as the 95-100-Mc/s 
portion is occupied by other services. 
The loading coil can conveniently be made from 18 S.W.G. tinned 

copper wire, a typical coil having six turns of internal diameter -Pir in. 

It may be wound on a former or be self-supporting, depending on the 
vulnerability of its mounting position. 
The inductance should be adjusted until checking with a grid-dip 

meter (see Section 38) indicates resonance at the band-centre frequency. 
A radio-frequency bridge is used to measure the impedance at the ends 
of the coil in modulus and phase angle; if the phase angle is not quite 
zero an adjustment to tho inductance should be made. A half-wave-
length piece of cable is a useful device for linking the coil and the bridge 
without changing the impedance. 

Tapping points (equidistant from the centre and 70-80 ohms apart 
in impedance) are then calculated approximately, by assuming that the 
turns ratio is equal to the square root of the impedance ratio. The 
taps are checked by the radio-frequency bridge, being shifted if neces-
sary. If the tapping points occur at geometrically inconvenient 
positions on the coil, it may be necessary to wind a new coil of the 
same inductance as the first, but having a different diameter and, 
therefore, a different number of turns. 
Such a foil aerial for a medium-sized table receiver (see Table II, 

page 14-7) may be expected to deliver into the aerial-coupling coil of 
a receiver, a signal voltage approximately 50 per cent of that delivered 
by an unloaded, full-sized dipole situated in the same field. 

Sensitivity Requirements 
To estimate the voltage available at the receiver terminals in order 

to get some idea of the required sensitivity of the receiver, use must be 
made of the data published by the B.B.C. on the various transmitters. 
Field-strength maps show an area surrounding the transmitter which 
lies within a contour of average field strength 1 mV /metre ; this is 
referred to as the first-class service area. Between this contour and 
another of average field strength 250 pV /metre is the second-class service 
area in which some trouble with ignition interference may be experienced. 
It is important to note that the published contours are of mean field 
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strengths; there will be local pockets of considerably smaller or larger 
field strength scattered about the area. 

In addition, the contours apply only to a receiving aerial at a height 
of 30 ft., the field strength falling at lower heights approximately as the 
height ratio. Buildings can further attenuate the signal, even by 30 db 
in the worst cases. However, by using either an outside aerial or an 
upstairs aerial or a roof aerial, it can be assumed that a field strength 
of at least 25 MV/metre is obtained, at the edge of the second-class service 
area. Nagler `ing feeder loss, this means that the voltage at the aerial 

25A 
terminals of the set will be --- 1V (see Section 21, page 19) or approxi-

mately 12-5 µV. This is equivalent to-a generator e.m.f. of 25 µV in 
series with the feeder's characteristic impedance. 

It is usual to express receiver senàitivity as the" open-circuit voltage" 
or signal-generator e.m.f requiYed to produce standard output (usually 
50 mW). The actual receiver terminal voltage, if the input impedance 
matches the feeder correctly, is half of this e.m.f.; this latter figure is 
not generally used. Signal-generator output calibrations usually refer 
to e.m.f, or open-circuit voltage, but the practice is not universal, so if 
in doubt the maker's instructions should be consulted. For further 
information see reference 2*. 
To ascertain what sensitivity is required, consider a typical receiver 

with a maximum useful output of 2-7 watts. The open-circuit voltage 
of 25 µV must produce this output when the signal is modulated, say, 
90 per cent. Therefore, output for 30 per " cent modulation 
2-7 x 1000 

— 300 mW, and " open-circ- it voltage " input for 5 (90/30)2 0 mW 
25 

output — V300/6 — 10 µV approx. 

This gives an idea of the minimum sensitivity required.* Both abso-
lute sensitivity and noise-limited sensitivity should be of this order or 
better, and preferably the receiver should also be providing a useful 
amount of A.M. rejection at this level, in order to minimize ignition 
interference and also to make negligible the distortion which occurs 
sometimes with F.M. due to multipath reception causing virtual A.M. 
This subject is referred to later in connection with the detector stage, 
and seo also reference 22, which describes a suggested test procedure, for 
definitions of the measurement terms used above. 

The Radio-frequency Amplifier 

It is possible to design and make a receiver which gives quite a good 
performance, from the point of view of its user, without a radio-
frequency amplifier: It is very doubtful, however, whether the oscil-
lator radiation from such a receiver could be made sufficiently low to 
avoid interference with other V.H.F. receivers (fundamental frequency) 
and with Band III television receivers (second harmonic). To minimize 
the latter it is usual to employ an oscillator frequency lower than the 
signal frequency. 

* To meet the popular, demand for satisfactory operation on internal cabinet 
aerials at appreciable distances from the transmitter, a sensitivity of the order 
of 1 Arm. has become desirable. 
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Interference limits which have been suggested and which at present 
constitute the targets aimed at by many designers, are: radiation field • 
3 m. away, fundamental 300 µV/m. and second harmonic 500 µVim.; 
terminal voltage on 75 ohms, fundamental 750 µV and second harmonic 
1,750 µV; voltage between either main and earth, 500 µy. (If the second 
harmonic falls inside Band III, the limits become 200 µV/m. and 
1,000 µV.) 
To keep oscillator radiation down to reasonable limits then, it is usual 

to preface the frequency changer with a radio-frequency amplifier, and, 
in addition, so to couple the two stages that oscillator volts fed back to 
the aerial circuit are largely cancelled out. A radio-frequency amplifier 
is also desirable because it assists in obtaining a good signal-to-noise 
ratio, and gives some protection against image interference and inter-
mediate-frequency breakthrough. 

Choice of Valve 

Examples of suitable radio-frequency amplifier valves are: pentode, 
grounded grid triode and cascode (see Section 15, page 17). The latter 
consists of a grounded-grid triode preceded by a grounded-cathode 
triode, and is probably the best arrangement if cost has not to be 
considered, giving the high gain of a pentode without its partition 
noise. However, the most popular arrangement is the grounded-grid 
triode, mainly because by using a double triode for radio-frequency 
amplifier and self-oscillating additive mixer, a very economical circuit 
results; in addition, a better signal-to-noise ratio is possible with a 
triode than with a pentode. 
In the grounded-grid triode amplifier the grid acts as a screen between 

the output electrode (anode) and the input electrode (cathode), so that 
neutralization is unnecessary. The low input impedance (approxi-

mately 1  ( 1 + le—) where g,,, is the mutual conductance, RL is the anode 

load resistance and r„ is the anode A.C. resistance) of about 150 ohms 
is no great disadvantage when fed from a 70-SO-ohm feeder by means 
of a suitable matching transformer, the secondary of which is fix-tuned 
to the centre of the band. Fig. 30 shows a typical radio-frequency 
amplifier and mixer circuit. 

Input Transformer 

The matching çan either be for minimum noise or for maximum power 
transfer, or for a compromise between the two. In practice, it will 
usually be found that the signal-to-noise'ratio is good enough, if a satis-
factory power match is achieved. The coupling should be made as 
tight as possible; in Fig. 30, capacitors Cl and C2 time out the residual 
leakage inductance in order to ensure a resistive input impedance for 
matching the feeder. They should thus bé adjusted for minimum 
voltage across the aerial terminals, while the coupling turns are adjusted 
so that the voltage across the terminals is the same as that across 
a 70-80-ohni resistor temporarily replacing the receiver. This gives 
maximum power transfer and terminates the feeder correctly. 
A gain about twice that obtainable with an orthodox grounded-grid 

amplifier is possible if the kilned secondary be grounded at a tap instead 
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FIG. 31 (right).—SIMPLIFIED BRIDGE 
CIRCUIT TO EXPLAIN NEUTRALIZA-

TION OF TRIODE R.F. AMPLIFIER. 
The two coils shown together constitute 

the secondary of the aerial coil, which is 
tapped to chassis. 

CATHODE 

Cak 

ANODE 

of at the grid. In this arrangement the valve is working partly as a 
conventional grid-driven amplifier. Neutralization is then necessary 
to avoid instability. However, if the tap is placed at the correct point, 
neutralization is achieved, as shown by the simplified bridge of Fig. 31; 
when the bridge is balanced none of the anode/ground voltage appears 
between grid and cathode. 
A centre-tap on the primary winding may be connected to the A.M. 

aerial terminal so that the F.M. aerial (internal or external) will function 
also on A.M. reception. 

Since a high Q is not necessary for the fir-tuned matching transformer, 
this can be wound of fairly thin wire, e.g., 24 S.W.G., on a small, wire-
ended, iron-dust core. 

Permeability and Capacitor Tuners 

It is possible to use either permeability or ganged-capacitor tuning for 
the radio-frequency amplifier and mixer. The latter system is used in 
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the receiver of Fig. 39; it is convenient for a combined A.M./F.M. set 
because ganged capacitors are available having suitable V.H.F. sections 
(10-17 pF cover) in addition to the usual sections (of the order of 500 pF 
swing) for short, medium and long waves. The vanes of a good V.H.F. 
section should be very well spaced and preferably thicker than those 
used in variable capacitors for domestic A.M. sets. 
The permeability tuner has the advantage of compactness and also of 

freedom from the unwanted coupling, which can take place in the spindle 
of a ganged capacitor Unless the more expensive split-spindle type be-
employed. Both these advantages make it easier to keep oscillator 
radiation within safe limits with permeability tuning. 
The circuit of Fig. 30 uses a ganged-capacitor tuner; Fig. 32 shows 

a modified circuit using a permeability tuner. 

Amplifier Anode Circuit 

The tuned-anode circuit is usually tapped down to thé oscillator cir-
cuit in order to reduce the loading of the oscillator on the tuned circuit. 
Tha best tap position can be fauna by experiment; as a guide 0-6 from 
the bottom end is a typical value. 

The Mixer 

The Tuned Circuit 

In Fig. 30 the oscillator tuned circuit is ccnnected to the anode by 
013, which is also part of the tuning capacitance of the primary of the 
first 10.7-Mcis intermediate-frequency transformer. It should be noted 
that the impedance of the oscillator circuit, in series. with C13 for 
intermediate-frequency tuning, is very low at. 10-7 111c/s. The anode 
coil may be tapped down .to the anode-coupling capacitor in order to 
reduce the damping of the valve on the oscillator-tuned circuit, and to 
assist in keeping down oscillator radiation. A tap about 25 per cent 
from the top end ia a suitable point. 

Reduction of Oscillator Radiation 

The coupling coil in the grid circuit of Fig. 30 is tapped at its electric 
centre to receive the signal voltage; this centre-tap, together with 012 
and Cp.k, results in a considerable reduction of oscillator radiation 
voltage. This is apparent when the bridge of Fig. 33 is considered. 
In practice, the balance is imperfect becatrso the simplified circuit 
omits stray couplings and resistances, e.g., the valve-input resistance. 
012 is mail() variable so that the bridge may be balanced for minimum 
oscillator voltage at the aerial terminals. 

Other measures which assist in reducing the unwanted oscillator 
voltage are : the tapping of the oscillator anode into the tuned circuit; 
the capacitance potential divider 013 : (015 0„.5) (these two reduce 
the voltage at the mixer anode, and hence that at the amplifier anode, 
due to the capacitance between these electrodes) ; careful screening 
between signal and mixer circuits and of the whole mixer; avoidance 
of chassis currents at oscillator frequency; reduction of oscillator volts 
fed back from the amplifier anode to its cathode (the neutralizing bridge 
of Fig. 31 can assist in this) ; and the provision of a filter in the heater 
circuit of V1 (016, L8 and 017 in Fig. 30). 

Chassis currents can be detected by using a small search coil at the 
end of the measuring set feeder, or by using the measuring set to 
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Fie. 32 (above).—R.F. AMPLIFIER AND 
MIXER, USING DOUBLE TRIODE AND 

PERMEABILITY TUNER. 

FIG. 33 (right).—SIMPLIFIED BRIDGE CIR-
OCIT TO EXPLAIN REDUCTION OF OSCILLA• 
TOR VOLTAGE AT POINT P (VII3 OF FIG. 30). 

investigate the radio-frequency potential difference between points on 
the chassis. One example of the causes of unwanted chassis currents 
could be: C15 earthed too far from L4 and the cathode of VI B (015 and 
L4 should be earthed at the same point, which should be close to the C9 
earthing brush and also to the earthing of V1B cathode). Another ex-
ample might be the cathode of VIA earthed in the path of the chassis 
current between points in the oscillator circuit, e.g., between L4 and 
V1B cathode. 

Improving Intermediate-lrequency Gain and Anti-squegg Precautions 

The grid leak R3 of the oscillator may be made high (e.g., 1 Mf2), 
as this assists in the reduction of the noise level. Such a high value 
would normally result in squegging, but this can be avoided by feedback 
as described below. 
The reduction in sensitivity which would normally result because of 

feedback by C„.,, at intermediate-frequency is neutralized by the applica-
tion of positive feedback via C16, across C7. The effective internal 
resistance of the triode at intermediate-frequency is thereby raised from 
about 9,000 ohms to about 80,000 ohms. Care must be taken not to 
make 07 too small, or instability will result. Although the C16-C7 
circuit produces positive feedback at intermediate-frequency, it pro-
duces negative feedback at the comparatively low frequency at which 
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squegging would normally occur; this is because at such low frequencies 
the reactance of the intermediate-frequency transformer primary is 
negligible, so that the anode load is mainly resistive. 
The conversion gain from the aerial terminals to the secondary of the 

first 10-7-Mc/s intermediate-frequency transformer which can be 
achieved with the semi-grounded-grid circuit is of the order of 500. Thus 
with 0-5 p.V input across the terminals, the intermediate-frequency" 
voltage at the heptode grid is about 250 V. 

ioil Odistruction 

The amplifier tuned-anode coil and the oscillator coil are conveniently 
wound on low-loss formers (e.g., polystyrene) with 6-mm. iron-dust 
cores, fine-threaded for ease of adjustment. The tuned windings may 
be 18 or 19 S.W.G. copper wire, or copper foil about h in. wide and 
0-005 in. thick. The best coating is silver, lacquered against corrosion 
in impure atmospheres; but quite good results have been obtained with 
coatings of enamel or tin. The oscillator-coupling winding, centre-
tapped, can be of fairly thin enamelled copper wire, e.g., 30 S.W.G. 
The tuned windings should have about it in. spacing between turns; the 
coupling coil is close-wound, preferably using bifilar winding. 

Oscillator Drift 

It is very important to keep oscillator drift down to a very small 
amount, 20 ke/s being about the maximum permissible. This can be 
achieved by, first, arranging the layout for the least possible heating of 
oscillator circuit components, and secondly, by making the fixed capaci-
tor in the oscillator-tuned circuit (C11 in Fig. 30) a type with a suitable 
negative temperature coefficient. For further information on this sub-
ject see pages 14-27, 15-14, 29-12. 

Layout and Wiring Precautions 
Very short radio-frequency leads and very careful positioning of 

components are necessary in amplifier and mixer circuits operating at 
100 Mc/s, partly in order to secure low oscillator radiation as mentioned 
earlier, but also to avoid undesirable feedback. It should be remem-
bered that a straight 1-in, length of 23 S.W.G. wire has a reactance of 
about 16 ohms at 100 Mc /s. 

The Intermediate-frequency Amplifier 

_Before designing the intermediate-frequency amplifier, it is essential 
to have some idea of the gain required. The ratio discriminator chosen 
for the F.M. detector requires for limiting at least 1 volt at its trans-
former secondary, and this value also produces about 50 mW output 
when used with a typical triode audio-frequency amplifier and a pentode 
output valve, with a signal modulated 30 per cent. Working from 
a signal of about 250 07 at the heptode grid, a gain of about 4000 is 
required between the hentode grid and the ratio detector transformer 
secondary. 

This can just about be achieved by a two-valve intermediate-
frequency amplifier, consisting of the heptode portion of the triode-
heptode used for mixing in the AM. portion of the set, and the variable 
slope intermediate-frequency amplifier valve used for the normal inter-
mediate-frequency amplifier, the latter usually being one of the more 
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recent types having a maximum slope of about 4 or 6 mA /volt. 
For economy, such a circuit is often used, and it will be described first, 
followed by a description of how it may be improved, especially from 
the points of view of ignition-interference suppression and avoidance 
of distortion due to multipath reception, by the addition of an extra 
val ve. 

Economical Amplifier 
To obtain sufficient gain with the economical two-valve arrangement, 

rather small tuning capacitors have to be used in the intermediate. 
frequency transformers, of the order of 15 pF or less. 

It is not necessary to use A.G.C. on F.M., although the ratio detector 
does supply a voltage which may be used for this purpose. A.G.C. can 
be troublesome because variations in the valve-input capacitance with 
a change in bias can cause detuning, resulting in distortion and reduced 
noise rejection. Although this effect can be reduced to negligible pro-
portions by negative feedback from an un-by-passed cathode resistor, 
this method causes appreciable gain reduction and is difficult to apply 
to the heptode valve. To date the advantages and disadvantages of 
A.G.C. are so evenly balanced that current practice has not yet moved 
decisively in favour of or against it. 

Simple series connection of the F.M. ( 10-7 Mc /s) and A.M. (470 
kcis) intermediate-frequency transformers is usually satisfactory: the 
exception is the primaries immediately following the heptode. To 
avoid undesirable effects due, for example, to an oscillator harmonic at 
10.7 Mc/s being transmitted along the intermediate-frequency chain on 
short or medium waves, it is advisable to switch the heptode anode to the 
appropriate primary. Sometimes " shorting-out" of the 10.7-Mc/s 
intermediate-frequency windings is adopted to avoid such troubles; 
and also " shorting-out " of the 470-kc /s windings, because the presence 
of these circuits in series with the 10.7-Mc /s circuits may upset F.M. 
performance. 

Neutralization.—Feedback via the anode/grid capacitance of the 
pentode intermediate-frequency amplifier can sometimes cause distor-
tion of the response curve. Neutralization is then advisable. A 
typical circuit is shown in Fig. 34 (a), with the equivalent bridge circuit 
depicted in Fig. 34 (b). It will be noticed that the anode H.T. decoup-
ling capacitor is taken to screen instead of to chassis. Incidentally, 
this circuit also illustrates an alternative to simple series connection of 
the two sets of intermediate-frequency transformer primaries. 
However, if the response-curve distortion is slight, it may be remedied 

by wobbulator alignment adjustments, without recourse to special 
circuits. 
Band-width.—The band-width of the intermediate-frequency amplifier 

should be as narrow as possible consistent with a reasonable allowance 
for drift, and an adequate band-width for the wanted signal : this is 
because the peak value of the noise signal passed by the amplifier is 
proportional to the square root of the band-width. Band-width limita-
tion may also prove necessary later in order to obtain sufficient adjacent-
channel selectivity, but this is unlikely in view of the way in which the 
transmitters are spaced in frequency and in geographical location. The 
band-width for points 3 db down should thus be of the order of 200 kc /s 
plus a suitable drift allowance, resulting in a total of about 230 kcis. 
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(b) 
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A.M. 

F.M. 

(a) 

FIG. 34.—I.F. AMPLIFIER NEUTRALIZA-
TION. (a) CIRCUIT; (b) EQUIVALENT 

BRIDGE CIRCUIT. 

(The maximum deviation of the B.B.C. transmission is 75 kcis; for 
the relationship between the band-width required, tue deviation and the 
maximum modulation frequency, see Section 6, page 30). 

Coupling Factor.—For maximum gain and for the most linear phase 
characteristic (necessary for minimum audio-frequency distortion), 
critical coupling (kQ equal to 1) is desirable, but it is satisfactory to 
make the kQ factor about 1.2 (i.e., to over-couple slightly) to obtain the 
desired flat response in the pass-band. 

Coil Construction.—Solenoid windings on moulded formers, fine-
threaded internally for 6- or 8-mm. dust-cores, are usually employed, 
the windings being of enamelled copper wire, of approximately 30 
S.W.G. 
The 470-kcis and 10.7-Mc /s coils may be in separate screening cans 

or in the same can. In the latter case a tall" chimney " type of can may 
be used, or a rectangular can with the coils mounted side by side. 
Side-by-side mounting is probably the best arrangement, both for eco-
nomy and good mechanical design, and is at least as good electrically 
as other types, although it requires more chassis area. 

Drift.—Drift will generally be low ti.cugh, if polystyrene formers 
and silvered-mica or plastic-film tuning capacitors are used. 
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Improved Amplifier Using Eatfa Valve 

By using an extra pentode in front of the ratio discriminator, several 
advantages accrue. The gain of each stage does not need to be so high, 
so that larger capacitors (of the order of 30-40 pl') can be used for tuning 
the primary and secondary inductors of the intermediate-frequency 
transformers. There is thei'l unlikely to he any trouble, such as distor-
tion of the response curve due to feedback, or shift of tuning due to the 
change of valve-input capacitance with grid-current bias under strong 
signals or with A.G.C. if used. 
Limiting.—In addition, the extra valve can be rivicie to act as a limiter 

for stronger signals, while still behaving as a high-gain amplifier for 
weaker signals. Tho amplitude-rejection properties of a ratio discrimi-
nator are not perfect—as will be shown later—so that pro-limiting is an 
ad vantage. 
For this system of partial limiting the pentode, a high-variable-slope 

type, is not run with low anode and screen voltages as in the saturated-
amplifier typo of limiter frequently employed before the Foster-Seeley 
phase liscriminator (sae Section 8), but differs from ordinary 
amplifier merely in haying a resistor shunted by a capacitor connected 
in series in the grid circuit. Typical vulues for the capacitor and 
resistor are 0.1 Mil and 100 pie; these providing a timo constant of 
10 S. Too small a timo constant swould not allow the A.M. voltages 
to develop enough bias to cut down the gain of the valve sufficiently, 
while too large a time constant would not cope with the short rapid 
pulse,, of ignition interference. 

The F.M. Detector 

Reasons for Choosing the Ratio Detector 

The demodulator almost universally employed in domestic .A.M./F.M. 
receivers is the ratio detector. Before describing this circuit it is useful 
briefly to examine the reasons for its popularity. There is not space 
to consider all known types, but three will be mentioned here: the 
Foster-Seeley phase detector (see Section 8, page 23), the gated-team 
valve, and the nonode. Tho Foster-Seeley detector provides no self-
limiting, and therefore requires an extra valve for limiting, whereas the 
ratio detector, the gated-beam valve and the nonode are self-limiting 
devicns. The Foster-Seeley detector is therefore rarely used in domestic 
radio receivers, although its use may be justified in the more expensive 
sets because it. produces less distortion (up to about 1 per cent, compared 
with about 3 per cent for the ratio detector, both figures being at 75 
kc /s deviation). 
The gated-beam valve (30) has two grids operat a in a quadrature phase 

relationship at centre frequency, and the phase difference varies about 
this 90° value as the frequency varies. The quadrature voltage is 
developed by space-charge coupling to a special grid to which an extra 
parallel-tuned circuit is connected. Limiting is by control of the 
electron-beam current by a slot aperture. The sensitivity and A.M. 
rejection properties of this valve are of tho same order as those obtained 
with a ratio detector plus a normal audio-frequency triode. However, 
the ratio detector provides a voltage which may be used for A.G.C. 
and/or a tuning indicator; and since, in a F.M./A.M. set, a triode is 
almost always needed for audio-frequency amplification (and usually 
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FIG. 35.—BAsm CIRCUIT OF RATIO DETECTOR. 
e. = secondary voltage; ep = primary voltage; e„ e. = frequency-dependent 

voltages; E„ E. --- rectified voltages produced by e„ e.; E21= audio output voltage 
between points -A and B. 

also for gramophone facilities) the ratio detector again scores. In 
addition, the gated-beam valve is expensive to make. 
The nonode (Mullard EQ80,3') has seven grids, of which the second, 

fourth and sixth are screen grids and the seventh a suppressor grid. 
To each of the control grids (g, and g5) an intermediate-frequency voltage 
of at least 8 volts r.m.s. is applied, each derived from a separate tuned 
intermediate-frequency transformer winding. The grids are so arranged 
that anode current flows only during those time intervals when g, and 
gi are simultaneously positive, and the current then lias a value depen-
dent only on the potentials of g, and ge which are kept constant. The 
mean value of the rectangular anode current pulses depends on the 
phase difference between the g, and g, voltages, which in turn depends 
on the frequency deviation. It does not depend on their amplitude; 
hence the limiting action. The audio-frequency output is more than 
enough to feed an output valve, being of the order of 22 volts for 100 
per cent modulation, but the nonode has the major disadvantage com-
pared with the ratio detector of requiring a minimum input of 8 volts 
r.m.s. as opposed to about 1 volt r.m.s. for a ratio detector. Points in 
its favour are that the first grid may be used in a circuit for inter-station 
noise suppression, and that the A.M. rejection properties are rather 
superior to those of the ratio detector. However, ror the same reasons 
as those given for the gated-beam valve, it does not provide such an 
economical arrangement as the ratio detector when used in a combined 
A.M./P.M. receiver. 

The Ratio Detect( 
Only a comparatively brief description of this ingenious device can 

be given here. A fuller account of the theory of operation is given in 
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reference ". Like the Foster-Seeley phase discriminator, the ratio 
detector depends for its operation on the phase difference which exists 
between the primary and secondary voltages of a loosely-coupled 
intermediate-frequency transformer. At the centre-frequency, i.e., 
the frequency of zero deviation to which both primary and secondary 
circuits are tuned, there is a 90° phase difference. For negative devia-
tions the phase difference is greater than 90°, and for positive deviations 
less than 90° (or vice-versa with reversed connections). 

Also, as in the Foster-Seeley detector, two diodes are required, but 
one is reversed, and the load resistors R„ R2 are shunted by an electro-
lytic capacitor C, the combination having a time-constant of the order 
of 0.2 second. 

It will be seen from Fig. 35, which is a circuit simplified to explain 
the basic theory, that the voltages E, and E2 are obtained by rectifying 
e, and e2, each of which is the vector sum of the primary voltage e„ and 
a half-secondary voltage 4/2. The vector diagrams of Fig. 36 show el 
and e, for zero, negative and positive deviations. 

Suppose that e„ is amplitude modulated at an audio frequency to a 
percentage 100 M, i.e., e, becomes er ( 1 + M). Then e„ and with it 
e„ e, and E„ E2 will also be modulated to the same percentage (or so 
we will assume for the moment; we shall find later that the action of 
the ratio detector actually prevents this). 

Let E, = nE, 

Since E, ( 1 + M) El — n, we see that this ratio is independent 
Ea ( 1 ± 111)—  E2 

of the amplitude modulation. 
Now .E, E2 is constant for a given mean carrier level, despite the 

amplitude modulation, because the large time constant C(R, ± R2) 
ensures this. Let E, E, = V, and let R., = R2 
Then V = El ± E= E2 (n ± 1) 

V E — (whick is therefore not amplitude modulated) 

es 
2 ' 

(a) (b) (c) 

FIG. 36.—VECfOR DIAGRAMS FOR RATIO DETECTOR. 

(a) Zero deviation (on resonance); (b) positive deviation (above resonance); 
negative deviation (below resonance). 
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The voltage between the points A and B 

= Vg — Vg 
= V — E2 

It depends therefore only on the ratio of the voltages E, and Eiand 
is independent of their common amplitude modulation, as long as the 
period of this is small compared with the time constant C(R, •i• R2). 
Hence the name " ratio detector ". 
Thus A and B are the points from which the audio-frequency output 

voltage Eaf is taken. V, and with it Ee, will, of course, vary with slow 
variations in ep. Ee also = VE1 E2) — E2 = 4(E1 — E2). (This 
compares with E, — E, for the Foster-Seeley detector.). 
The graph of E„f against frequency deviation is similar to that given 

in Fig. 31 of Section 8 (page 8-24). To ensure linearity over a wide 
enough frequency band, the peak separation is usually made about 350 
kefs. The great ingenuity of the device lies in its ability to hold (E, 
E2) constant while permitting (E, — E2) to vary in accordance with the 
frequency modulation. 

In practice, measures which are not apparent from the above simpli-
fied theory have to be taken to achieve good results. In particular, 
use has to be made of the following : imagine a sudden increase of 
carrier amplitude ; the resultant. increase of diode current will result 
-in a virtual increase of damping because E, E, is held constant, and 
the effective load resistance (voltage/current) therefore falls. This 
increased loading tends to counteract the increase in voltage by increas-
ing the damping on the tuned circuits. For a sudden decrease in carrier 
amplitude, the corresponding reduction of damping is still more im-
portant, because were it not so the diodes would cease to conduct, being 
subject to a net negative bias (the charge voltage of the capacitor 
minus the new applied voltage), thus causing distortion. It is therefore 
important that the circuits are normally heavily damped by the diode 
loading, so that when the applied voltage momentarily becomes less 
than that to which (I is charged, the increase in diode resistance as the 
bottom bends of the characteristics are reached will reduce the damping 
and permit the applied voltage to rise again. Thus the diodes will not 
be completely cut off. 

R3 

R4 

37.—PHACTICAL RATIO DETECTOR, BALANCED CIRCCIT. 
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R3 

p LT 

11 

Lp Ls 

R4 

FIG. 38.—PRACTICAL RATIO DETECTOR, UNBALAN'CED CIRCUIT. 

Again, results in practice are not so good as simple theory indicates, 
and it is found that the maximum amount of downward amplitude 
modulation that can be handled by a ratio detector without diode cut-off 
causing distortion is of the order of 75 per cent. As multipath reception 
(see reference 2' pago 275) can result in much greater percentages of 
downward amplitude modulation, additional limiting before the ratio 
detector is an advantage. 
Low-resistance, well-matched diodes are essential. Typical values 

are about 200 ohms each, with a maximum ratio of 1.5: 1. 

Ratio Detector : Practical Circuits 

Fig. 37 shows a practical circuit of a ratio detector. It will be seen 
that a tertiary winding LT is used to provide a virtual primary coil 
dissociated from H.T. and with the turns chosen for impedance match-
ing ( the working Q of H.T., secondary is low because of the necessary heavy 
damping). This tertiary wirding is closely coupled to the primarp. 
The unloaded Q of the secondexy is as high fen possible, so that when the 
damping is reduced during downward A.M. the applied voltage has 
ample opportunity to rise. It is advisable to make the ratio (unloaded 
Q : loaded Q) at least 4 ;. 1. R 3 and It, assist in balancing out unwanted 
A.M.; the best results will be obtained if at least one of them is a pre-set 
variable, because only thus -an valve and coil tolerances be allowed for, 
The absence of a corresponding resistor to R 4 in the " lower limb " is 
due to the asymmetry brought about by stray capacitances. 

L. is bifilarly wound so that its two halves are of equal inductance 
and coupled equally to the primary, whatever the position of its induct. 
ance-adjusting iron-dust core. A grooved former is advisable so that 
the bifilar winding may be accurately spaced and stable; this assists in 
keeping low the drift with temperature change. 6-mm. dust cores are 
suitable for primary and secondary inductance adjustment. 

Typical circuit values" are: 

Primary, unloaded, Q = 70; primary, with diode loading, Q =- 
40. 

Secondary, unloaded, Q 89; secondary, with diode loading 
Q — 21. 
Secondary/primary coupling = 50 per cent of critical. 
Tertiary turns -= approximately one-quarter of total secondary 

turns, wound on top of " cold" end of primary for tight coupling. 
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Fio. 39. — REPRESENTATIVE 
MODERN V.H.F. /A.M. 

EADiuGHAmorti.,, 

R118i(1016 

111 Is kit 
112 220 kit 
R3 4-7 kit 
Ill 22 kil 
III 92kO 
117 47 kit 
118 2-2 kit 
III 33 Ittl 
1111 470 kit 
it/2 47 kit 
1413 :19 kit 
1114 9.2 kit 
11141 150 u 
1117 2.2 3115 
1118 47 It 
1119 30 it 
1121 100 
.1122 33 kit 
1123 39 kit 
1124 5044 kit 
11211 10 Mil 
1197 1044 kit 
1128 11s kit 
11214 10 kit 
1131 08 kit 
1132 250 kit 
1133 0-8 kit 
1134 314 1:11 
1130 47 kit 
1137 250 Lit 
1138 10kO 

-1139 I kit 
R40 100 1.11 
11.11 220 Il 
RP) 47 kit 
1143 920 kil 
1144 210 kit 
R411 2.2 ke 
1147 I 3111 

Ris I 310 
1149 0s44 kII 
1121 050 Li? 
1152 10 ki! 
1153 10 :so 
1154 150 5? 
1130 12 1st! 
1157 3.3 k ? 
1158 3.3 1.1? 
1103 1.3 Mt? 
1164 4.; 1/15 

11 22 pl.' 
12 1u le' 
131 2.7 01' 
4•4 470 01, 
(.e; -um) 

10.0 pi, , 
(s l's 1, 
kl, 5.1 IV 
VI I 10 1.F' 
1'12 13 I/1, 
1'13 13 1.k.' 
1'14 47'10 1/1-' 
1'111 10  
1'17 39110 
CIF, 13 pl.' 
1'111 3111 1/1, Fs/ log 
11'21 3-30 pl.' 
1'22 4700 id, 
1'23 11.003 
1'24 47110 pi" 
l'20 220 III" 
1'27 220 
020 15 pi, 
c211 47 pi, 
c31 18044 pi, 
1'32 100 1/1, 
8'33 423 
4'34 4-40 pl, 
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036 510 pF , rig 040 4700 PF 
037 0.04 049 4 p" 
C38 0-01 050 100 pF 
C39 0.006 C51 0-01 
Cil 47 PF 052 0• 1 
C42 0.04 C53 220 pF 
043 100 pF 054 390 9F 
044 50-250 pF C53 220 pF 
C46 0-001 C56 56 0, 
C47 0.01 

(%.17 0.04 C71 0-01 µF 
058 0.01 072 10 PF 
039 0.002 giF 074 1.01 µF 
C61 0.02;IF 070 50 µF 
C62 330 pF C77 0.005 µF 
063 0-005 $49 C78 50 giF 
064 0.002 pF C81 0.02,4F 
C87 0.01e CR3 230 pF 
C89 0-01 µF C84 169F 

Fig. 38 shows an alternative practical circuit, suitable for use with a 
triple-diode-triode having one " hot " cathode for connection to L„ and 
one earthy cathode common to the triode, the A.M. diode and one F.M. 
diode. (Fig. 37 is not suited to this, and would- use either 'a double 
diode or two germanium diodes.) It is only at very low-frequency 
unwanted A.M. that Fig. 37 shows its superiority over Fig. 38; at such 
frequencies, where some variation of voltage across C may occur, the 
balanced circuit keeps such variations from the audio-frequency output, 
but the unbalanced circuit permits them to appear there. 

There are many minor variations on these circuits. 
The circuit iiagram of a complete receiver, Fig. 39, shows one such 

variation and provides typical component values. 
Precaution8.—To prevent drift with changing temperature, stable 

capacitors are necessary as well as stable coils. These may well be of 
the silvered-mica or plastic-film type. 
• The ninth harmonic of the intermediate frequency may be trouble-
some unless the ratio-detector components are well screened and/or 
lead lengths are kept very short; a heater-filter capacitor of about 1,800 
pF is usually necessary for the detector valve. 

Tuning Indicator.—The D.C. voltage developed across the stabilizing 
capacitor C is sometimes used for A.G.C. and may also be used for 
operating a tuning indicator. A better tuning indicator would be one 
worked from the D.C. at the audio-frequency take-off point (Fig. 37 
only), since this is zero for the true on-time condition. 

De-emphatia.—In both Fig. 37 and Fig. 38, it will be noticed that the 
audio-frequency output passes through an R-C filter. This is a de. 
emphasis network inserted to restore the audio-frequency balance, 
because the upper audio-frequencies are emphasized by an R-C network 
of time constant 50 /J.'S at the transmitter. The overall effect is to 
improve the signal-to-noise ratio. It is not necessary to make the 
de-emphasis time constant exactly 50 FS; the value may be chosen to 
give the desired overall response when taken in connection with the 
rest of the audio-frequency circuits and the loudspeaker. The pre. 
emphasis provides, in fact, a useful reserve of upper audio-frequencies 
which may to a certain extent be used to compensate for unavoidable 
losses in the last stages of the receiver. 

Audio-frequency Amplifier, Output Stage and Loudspeaker(s) 

In the less expensive sets, these follow A.M. receiver practice, but in 
higher-priced receivers it is usual to make improvements so as to take 
advantage of the better high-frequency response available with F.M. 
due to the avoidance of side-band cutting which takes place in the 
necessarily highly selective A.M. receivers. These improvements 
include the use of loudspeakers of smoother and extended response, or 
combinations of loudspeakers with frequency-dividing networks (see 
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page 32-12), better output transformers, and measures to reduce distor-
tion (e.g., higher power-output valves, negative feedback). 

Switching from A.M. to P.M. Reception 

A study of Fig. 39 will show how this is done in a typical receiver. 
Points to note are: 

(i) There is no switching at V.H.F., the heptode grid being 
switched to•the A.M. signal circuits or the F.M. first intermediate-
frequency transformer. 

(ii) If the set had a short-wave band, the first 10-7-Mcis I.F. 
transformer primary wourd have to be switched out or short-
circuited on A.M. to avoid passing oscillator harmonics along the 
I.F. amplifier and the generation of A.G.C. voltages by these. 
This effect is much smaller at medium wavelengths and is made 
negligible in the receiver of Fig. 39 by the short-circuiting of C49. 

(Hi) The short-circuiting of V2 triode grid to cathode on F.M. 
to avoid gain reduction due to grid current bias, since this grid is 
connected to the third grid of the heptode. 

Adaptors 

The design of an F.M. adaptor to feed into the pick-up sockets of an 
A.M. receiver can follow on the lines of the complete receiver already 
described, with the following exceptions: 

(i) There is no A.M./F.M. switching. 
(ii) Almost certainly a permeability tuner is a better choice than 

a ganged capacitor tuner, because the advantages of a combined 
capacitor are lost (see page 14-6o). 

(iii) The ratio detector valve can ho a double diode or a pair of 
germanium diodes; an audio-frequency amplifier is unnecessary, 
since receivers with pick-up sockets always incorporate one. 

Test Procedure 

A useful suggested procedure is given in detail in reference 29. 
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TRANSISTOR PORTABLE RECEIVERS 

Transistorized portable receivers and record players appeared on the 
U.K. market in 1956, and since then have formed an increasing per-
centage of battery-operated equipment. The advantages of low power 
consumption, low-voltage operation, small size, long life and robust 
construction are particularly attractive for small portable or" personal" 
receivers. The reduction in battery consumption can be substantial: a 
typical transistorized portable receiver may have a standing current 
of about 8 mA from a 9-volt battery, rising to 55 mA at 300 mW output 
and about 25 mA average for music. This compares with the 125 mA 
at 1-4 volts and 10 mA at 90 volts for the average four-valve portable 
reeeiver using low-consumption valves. The running cost of a tran-
sistorized receiver with a Class B output stage is of the order of 0-15 of 
a penny per hour. At present, however, the initial cost of a transis-
torized receiver is appreciably above that of an equivalent valve 
receiver. 
The eqvipment so far marketed falls into four main groups: 

(1) Portable receivers having a maximum output of about 200-
500 mW and with a sensitivity and performance comparable with 
the standard four-valve battery receiver. Such a receiver will 
usually have six transistors plus a germanium crystal diode 
detector, and the output stage will consist of two transistors 
operating in Class B, in either a symmetrical push-pull circuit 
or in the so-called " single-ended" push-pull arrangement. 

(2) The midget" personal " receiver using four or more transistors 
plus one or more crystal diodes, with a Class A single-output 
transistor providing a maximum output of the order of 20 mW, and 
sometimes including a headphone jack for use in noisy environ-
ments. Several models of this type have used reflex circuits 
permitting a single transistor to be used as both an I.F. amplifier 
and au A.F. driver stage. 

(3) Small " hybrid " portable receivers using valves in the early 
stages with a push-pull transistor output stage. Such receivers 
require an H.T. supply, which can be derived from a battery 
or from a ringing-choke D.C. transistor converter, but overall 
consumption is considerably less than for conventional valve re-
ceivers, in which the output stage accounts for 40 per cent of L.T. 
and over 50 per cent of H.T. consumption. 

(4) Small portable battery-operated record reproducers, com-
prising basically a 2-300-mW amplifier usizig three or four transistors 
and a low-consumption battery-operated gramophone motor; con-
sumption of the motor is usually about 80 mA at 5 volts. 

Transistor-circuit practice can be pest illustrated by considera-
tion of a receiver of type ( 1). The complete receiver commonly has 
an additive " self-oscillating" frequency changer; two stages of 
I.F. amplification; a crystal diode detector which also provides an 
A.G.C. potential; an A.F. driver; and a push-pull Class B output 
stage. 
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Input Circuits 

Ferrite.rod aerials with a matching winding provide a convenient 
means of obtaining an impedance transformation to match the low 
input resistance of the frequency changer. Since the only connection 
from the rod aerial at high impedance is that to the wave-change , 
switch or, in the case of single-band models, to the gang tuning capacitor, 
the effective stray capacitances across the tuned circuit can be kept 
lower ;Ilan with valve circuits; because of this the capacitance tuning 
swing of the tuning capacitor and associated trimmer can be much 
lower: the tuning swing may be as low as 110 pF (compared with about 
520 pF for valve circuits), though values between: 170 and 350 pF are 
more common with two-waveband models. 

The Frequency Changer 

Although some models have used separate transistors for mixing and 
as a local oscillator, the more popular arrangement is a single transistor 
as a self- oscillating additive mixer, which is more economical and 
generally has better frequency stability. Fig. 40 shows typical circuits, 
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40.—TYPICAL TRANSISTOR FREQUENCY-CHANGElt CIRctITS. 

simplified by the omission of wave-change details. This comprises a 
common-emitter mixer combined with a common-base oscillator in 
which positive feedback is obtained from the collector circuit; either 
a low-impedance tap or coupling winding is connected in the emitter 
circuit. The tuned-circuit inductance should be of high Q construction 
to allow for transistor damping and to maintain oscillation with the 
low voltages likely to be encountered towards the end of the useful life 
of the battery. To increase Q a ferrite-pot core may be used. 
To provide satisfactory tracking without padding capacitors, the 

oscillator section of the tuning gang may have specially shaped vanes. 
Typical values are aerial tuning 175 pF swing; and oscillator tuning 
120 pF swing. 
To provide ready oscillation when the receiver is first switched on, 

the oscillator transistor may be initially biased for Class A operation; 
subsequently, rectification of the oscillator voltage at the emitter 
provides additional bias, driving the transistor into Class B operation. 
This stabilizes the amplitude of oscillation and also tends to reduce the 
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Fo. 41.—TYPICAL I.F. STAGE. FIG. 42.—TYPICAL DETECTOR 
”e1D A.F. DRIVER. 

falling off in the performance of the stage towards the higher limit of 
the frequency range of the transistor. 

Coupling between the aerial and oscillator circuits must be kept to 
a low value to prevent spurious oscillation; for this reason a screening 
shield may be required between the two sections of the tuning gang. 

Intermediate-Fregnency Stages 

Tho gain which may be achieved per stage, without risk of instability, 
with current types of transistors is of the order of 30 dB, and it is 
customary to include two I.F. stages; an alternative arrangement 
found in some smaller " personal" receivers is one LF. stage with 
controlled regeneration. 

Because of base-collector capacitance, which corresponds roughly 
to the grid-anode capacitance of a triode valve, it is necessary to include 
components to neutralize the effect of positive feedback via this 
capacitance. Neutralization can be achieved by balancing out this 
feedback by introducing external feedback paths of opposite effect. 
Where this path is purely capacitive, it may subsequently be necessacy 
to change the value of the neutralizing capacitor when the transistor 
is replaced. However, it is common practice to introduce resistance 
into the feedback circuit to give an unilateralized stage, and by careful 
design of the coupling circuits the spread of base-collector capacitances 
can be accommodated, making it unnecessary to adjust values should 
it be necessary to change tiansistors. 

Detector and A.G.C. 

A'germanium diode is almost invariably used for detection, with the 
D.C. voltage developed across the load resistance fed back to the first 
I.F. stage to provide A.G.C. For pap transistors, the A.G.C. line will 
be positive in respect of chassis (the greater the positive voltage the 
less will be the stage gain). Apart from controlling the gain, the A.G.C. 
line may be used to provide a small forward -bias for the detector diode 
in order that the quiescent operating point is located near the " bend " 
of its characteristic; operation in this condition will improve efficiency 
on weak signals and also helps keep the input resistance of the detector 
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FIG. 43.—REPRESENTATIVE CIRCUIT OF A PORTABLE RECORD 
REPRODUCER. 

reasonably constant for varying signals, so that it presents a fixed 
loading to the second I.F. stage. 

Since a relatively high circulating current may exist in the diode 
circuit, the position of the diode by-pass capacitor and the associated 
wiring needs careful consideration in order to minimize radiation of 
the harmonic frequencies present in this circuit; excessive harmonic 
radiation is likely to produce spurious whistles and instability, 
particularly at the second harmonic (about 2 x 470 = 940 kc/s). 
The simplest A.G.C. systems may provide insufficient . range of 

control, and various circuits incorporating additional diodes have been 
used to increase the range. One method is to use a second germanium 
diode to damp the first I.F. transformer: see Fig. 44. 
Owing to the dual detector/A.G.C. function, it is important, when 

connecting or replacing this diode, to observe polarity. 

A.F. Driver 

For the " full specification" receiver, an A.F. driver stage is 
invariably included; in smaller receivers a reflex circuit, which enables 
an I.F. stage to be used also for A.F. amplification, may often be found. 
Tho A.F. driver is generally a common-emitter amplifier operating in 
Class A with bias stabilization. A high value miniature electrolytic 
.capacitor and resistor is used to decouple the " H.T. line" so as to 
prevent distortion as the internal resistance of the battery increases 
with age. Negative feedback, derived from the output stage, is 
commonly applied via the emitter circuit of the driver stage. In 
order to stop thermal run-away, a resistor, with associated by-pass 
capacitor, is usually included in the emitter circuit; it should be noted 
that although in a circuit diagram these components appear to resemble 
the cathode bias components of valve circuits, their purpose differs. 
Five per cent tolerance bias stabilization resistors are usually fitted. 
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(a) (b) 
FIG. 45.-," SINGLE-ENDED ". PUSH-PULL OUTPUT CIRCUITS. 

Output Stages 

While the early stages of most receivers so far marketed in the 
United Kingdom tend to follow roughly similar lines, there has been a 
more noticeable variation in the output stage. 
One popular arrangement, which corresponds to conventional valve 

practice, is to use two matched transistors in a Class B push-pull 
common-emitter stage, usually with impedance-matching transformers 
in the input and output circuits: see Fig. 50. The output transformer 
may be omitted if the impedance of the loudspeaker speech coil is about 
120 ohms with a centre-tap. Also widely employed have been two 
variations of the so-called " single-ended " push-pull circuit, see Fig. 45. 
The single-ended circuit makes it easier to eliminate the output 

transformer (output impedance of the order of 30-80 ohms); and, since 
in small portable receivers this component may have an efficiency only 
of the order of 50 per cent, the oniission of the transformer can contri-
bute an appreciable battery saving by providing the same acoustic 
output for lower electrical output. The single-ended circuit is also 
easier to stabilize thermally, and the lower losses in the stabilizing 
components tend to compensate for its theoretical lower sensitivity 
compared with the symmetrical push-pull circuit. One disadvantage 
of the single-ended r.rrangement is the difficulty of avoiding distortion 
with large signals. 
• Another arrangement occasionally used is to have two transistors 

in a common-base configuration with input and output transformers; 
this arrangement provides less gain than the common-emitter circuit, 
but at less distortion. 

Phase inversion is normally provided by the driver transformer, 
which may have either a centre-tapped low-impedance secondary or 
two separate balanced secondary windings to permit independent 
biasing of the output transistors. While a useful increase in gain can 
be obtained from this transformer, in some designs a deliberate mis-
match may be intrcKluced, since a signal-source impedance several 
times that of the transistor input resistance helps to decrease distortion. 
The D.C. resistance of the transformer windings should be kept to a 
minimum, and it may be advantageous for the two halves of the 
secondary to be bifilar wound. 
The bias to be applied to the output transistors needs careful deter-

mination if battery economy is to be combined with a minimum of 
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" cross-over" distortion, throughout the useful life of the battery. 
Cross-over distortion, which can occur also in Class B valve stages, 
arises from the fact that each transistor conducts and amplifies during 
alternate half-cycles of the audio input. If the bias conditions are such 
that any discontinuity occurs at the change-over point, the two half-
cycles of the amplified waveform will not fit exactly together, the 
resultant distortion being highly objectionable (see Section 26). It 
should be noted that with transistors, bias is a current which flows 
through the emitter-base circuit: unlike valves, increasing the bias 
will cause an increase in current; while " cut-off " is a condition of 
minimum, but not zero, collector current. 

Since the battery voltage will gradually diminish, it is difficult to 
avoid some degree of cross-over distortion towards the end of the 
useful life of the battery. Negative feedback can help, and in practice 
there will always be standing current above that of the " cut-off " 
condition; it is also usual to fit 5 per cent tolerance bias stabilization 
resistors. A common emitter resistance can help to compensate for 
slight differences in the characteristics of the two transistors and, as 
with the driver stage, is a guard against thermal runaway. Receivers 
of this class are normally designed for operation within the temperature 
range 15-45° C. Thermistors are frequently used as part of the bias 
network to reduce sensitivity to temperature variations. 

Further information on transistor circuits is given in Section 26 
Servicing of transistor receivers is dealt with in Section 39. 

CAR RADIO RECEIVERS 
The design of a car-radio set and the installation arrangements for 

the various sections into which it must be divided for convenience 
requires different consideration from the design of a radio for domestic 
purposes. 
The set itself must be capable of producing a useful output from a 

very small signal input, which varies through a far wider range than 
the signal received by a domestic set. In general, it should also provide 
a greater output, be of smaller physical dimensions, and place a limited 
load on the vehicle electrical supply system. The introduction of 
transistors has made it possible to reduce appreciably the power drawn 
from the car battery. 
The construction of the set ana accessories must be such as to with-

stand the intense vibration which could be experienced, particularly 
overseas, under some conditions of travel, and to tolerate wider varia-
tions of temperature and humidity than are experienced in domestic 
radio. 

Interference suppression is discussed in Section 33. 

Car Aerials 

Car aerials, of whatever construction, are rather poor collectors of 
signal due both to their positioning and their low effective height. 
Consequently, a ear radio receiver must have a greater sensitivity and 
better signal-to-noise characteristic than an equivalent domestic re-
ceiver. To satisfy this condition a tuned R.F. amplifier stage is often 
employed; this also helps to improve the A.G.C. characteristic, an 
important factor in a car radio, which must cope with wide variations 
of signal. 



14-83 RADIO AND TELEVISION REFERENCE BOOK 

Electrically, the aerial is capacitive; as this aerial and its screened 
cable connection to the set are fixed once the set has been installed. 
the aeria: can be coupled more closely into the first B.F. circuit .than is 
pos.sible in a domestic radio. Variations in capacitance are taken up 
by an aerial trimmer, which should always be adjusted after a set and 
aerial have been installed in a car. Usually this trimmer is adjusted 
for either maximum signal or maximum noise near a tracking point. 
Manufacturers' instructions should be followed, as it may be necessary 
to trim on each waveband or on one waveband only. 
The higher the aerial, the better. Mostly wing- or roof-mounted 

aerials are used nowadays; the under-cat aerial, due to its poor per-
formance, has fallen into disuse. The choice between a wing or roof 
aerial is usually governed by mechanical considerations; i.e., ease of 
installation and accessibility. The roof aerial has better " signal 
collecting qualities ", but is usually short to prevent the aerial fouling 
garage lintels. The wing-mounted aerial can be longer; although 
there may be seine screening effect, due to the body of the ear,, its higher 
capacitance to " earth " allows closer coupling into the aerial tuned 
circuit. One advantage of the roof-mounted aerial is that it is less 
susceptible co various forms of static interference. 

There is a current fashion for mounting aerials on the rear wing. 
The only difference with this arrangement is the extra length and 
consequent greater capacitance of the screened cable. Depending 
on the input circuit, no signal loss may necessarily be incurred, but care 
must be taken to ensure that when the aerial trimmer is adjusted a 
true maximum is reached. If this cannot be done, either a very low-
capacitance cable should be used or the input circuit may require 
modification, for example, any fixed capacitance across the input may 
have to be removed or reduced. 
Wing-mounted aerials must be of sound construction, and particularly 

well sealed against ingress of water. Owing to the speed of cars, the 
water pressures under a wing are very high; and an aerial base mounted 
on the wing is subjected to this pressure combined with a bombardment 
of dirt. When a car radio develops poor performance. the earth leakage 
of the aerial should be checked, especially where the fault develops after 
a spell of wet weather. 

Aerial Input Coupling 
Since the aerial is capacitive, the closest coupling to the aerial-tuned 

circuit will be possible when a permeability tuner is used. This and 
other factors make for almost general use of permeability tuners on car 
radio receivers. Tracking on such a tuner is effected by the shap:ng 
of the tuning coils or by mechanical linkages, and the only adjustment 
necessary is of external trimmers. Unless in possession of detailed 
alignment procedure, it is highly inadvisable when servicing the set to 
change the relative positions of the movable dust cores in the tuner. 

Power Supplies 
Car radio receivers have to operate from the ehicle's 6-, 12-, 

occasionally, 24-volt battery. 

Vibrator Supplies 
Until recently, the usual method of obtaining the required high-

tension was by means of a vibrator convertor.. Normally, rotary 
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convertors were used only in communication equipment, where greater 
power is needed. 
As the battery voltage cannot,be directly transformed, it is necessa- y 

first to convert it to alternating current, transform it up to required 
voltage and then rectify it. The convert ion to A.C. is done by a vibrator; 
and, in the case of a synchronous vibrator, the rectification as well. 
The vibrator is basically a self-excited vibrating reed, with one or more 
sets of contacts. 
The exciter coil may be connected either in series, when an auxiliary 

contact is required for its operation, or in shunt, when no extra contacts 
are required. The operation of a vibrator convertor can be understood 
with the help of Fig. 46. 

HX. 

(a) (b) 

FIG. 46.—VIBRATOR POWER UNITS. 
(a) Interrupter vibrator with shunt drive; (b) synchronous 

vibrator with series drive. 

The current from the battery flows in turn through each half of the 
vibrator transformer; the voltage induced in the secondary due to 
change of flux in the core is a series of positive and negative square • 
waves. When this voltage is rectified and smoothed, the required 
H.T. voltage is obtained. 
The exciter coil as shown is energized on application of battery 

voltage and short-circuited when the vibrator makes contact on one 
side. In a series-excited vibrator the exciter current flows through 
the coil via an auxiliary contact on the reed. One of the disadvantages 
of a series-excited vibrator is that after prolonged storage the auxiliary 
contact may slightly oxidize and the vibrator may be difficult to start: 
on a shunt vibrator the oxide film is mechanically broken clown on 
starting. 
To prevent excessive sparking and consequent contact wear, the 

vibrator transformer is tuned by the buffer capacitor. The action can 
be more easily understood by reference to Fig. 47. After the current 
through the transformer is interrupted by the reed leaving one contact, 
the circuit formed by the inductance of the primary of the vibrator 
transformer and the reflected value of the buffer capacitor is shock 
excited into oscillations. The frequency of this oscillation is adjusted 
in such a way that by the time the reed approaches the opposite contact 
the voltage on this contect is almost equal to the voltage on the reed. 
It is therefore important to treat as one unit the vibrator and the 
vibrator transformer with its associated buffer capacitor. Every 
component, on failure, must be replaced by its exact equivalent. If 
this is not done, the life of the vibrator will be much reduced; further-
more, excessive sparking is likely to cause serious interferew--> 
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+V 

FIG. 47.—PluNctrLEs OF VID11411.0.1i. 

The operation of a self-rectifying vibrator is similar to the interrupter 
type except for the addition of an extra set of contacts which are used 
for reversing the voltage from the secondary of the transformer in 
synchronism with the reversal of the primary current. Consequently, 
rectification occurs and no separate rectifier is required. However, 
as the structure of the synchronous vibrator is more complex, this type 
tends to be less reliable than the interrupter ono. 

In this tyge of vibrator the polarity of the H.T. circuit follows the 
polarity of the L.T. circuit. It is therefore necessary, if the earth 
polarity of the vehicle is changed, to interchange the connectioes 
either to the primary or to the secondary of the vibrator transformer. 
On some types of vibrators reversal of polarity is facilitated by making 
the base symmetrical; the vibrator can then he plugged in its socket 
in two ways, spaced at 180'. Ono position is connected for a negative 
earth system, the other for a positive earth. Thus, when changing 
from one system to the other, the vibrator may be withdrawn, turned 
through 180° and replaced. 

Generally, a different vibrator converter is required for either 6-, 
12- or 24-volt supply. Sometimes vibrators for both 6- and 12-volt 
supplies are used, either with the exciter coil tapped for the appropriate 
voltage, or a series resistor connected externally in series with the 
exciter coil. The windings of the transformer must also be changed 
when changing from one voltage to another; and series—parallel 
switching of windings is incorporated on such a set. 

Vibrator units for 24-volt s .pplies may be more complicated than 
6- or 12-volt ones; this is because there is a danger when switching on 
of an arc being tnaintained across the contacts, since ionization of the 
air between contacts takes place at the higher voltages. To prevent 
this, a limiting resistor must. be connected into the supply on first 
switching on. After the vibrator has started, this resistor is short-
circuited either automat ieally by a relay, or with a three-position 
" off-start-on " switch. On low-power 24-volt vibrator convertors the 
limiting resistor may bc left in circuit permanently, where the conse-
quent lowering of efficiency is acceptable. 

Transistor Convertors . 
Transistor convertors may now be used in place of vibrator convertors. 

Basically, a transistor instead of a vibrating reed is used as a switch to 
interrupt current; the transformation and rectification being similar to 
the vibrator system. Further details are given in Section 36. 
The transistor or transistors are generally connected in a type of 

relaxation oscillator circuit; the frequency of oscillation being de-
t ermi lei I y by the intraineters of the transforiner. 
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Certain types of single-ended circuits must not be operated without 
load, as the output voltage will rise considerably beyond the rated value 
of the components. A typical circuit is shown in Fig. 48. 
The efficiency of transistor convertors can ho made higher than that 

of either vibrator or rotary convertors; also due to higher operating 
frequencies possible with a transistor convertor, transformer size can be 
reduced and the overall weight and bulk of such convertors can be ver 
small. 

L.T. 

prSome ear radio sets uso very small transistor convertors for supplying 
the H.T. required for operation of the R.F. and I.F. valves only; the 
audio and output stages use transistors and operate directly from the 
battery voltage. 

Hybrid Receivers . 

A recent development has made the use of either vibrator or transistor 
convertors unnecessary. This type of receiver is termed " hybrid ", 
because it makes uso of both transistors and valves. The valves 
used in the early stages are operated directly from either a 6- or a12-volt 
" H.T." line. Useful voltage and conversion gains are obtained under 
these conditions, but power amplification is not' practicable. The 
audio output power is obtained from a power transistor, which will also 
operate directly from the low voltages available, does not require 
heaters and is more efficient in its operation than a valve. 
The valve stages of such a set follow fairly conventional lines. A 

tuned R.F. stage is followed by a frequency changer, feeding a single 
I.F. amplifier. Detection and A.G.C. are then either accomplished by 
thermionic or crystal diodes, and there are A.F. amplifier and driver 
stages. 

Component values differ slightly from conventional circuits, not only 
. in the N-altio of various resistors, hut also because a small positive 
standing bias is needed, in addition to grid-leak biasing of tit...) frequency 
changer and LK stages. 
An R.F. amplifier stage is invariably employeti as, duo to lower 

amplification of valves operating on 12 volts, opt imun i gain is required.• 
Additional reason for the uso of an R.F. stage is the added selectivity 
which this stage provides in front of the frequency changer, so helping 
to reduce spurious responses, which may arise from the inferior linearity 
of 12-volt valves, compared with conventionally operated valves. 
Tho A.F. stage consists of a voltage ampliher. valve, which is in turn 

followed by .. driver stage. The driver is in effect a power amplifier 
AA 

FIG, 48.—TYPICAL PUSH-PULL TRANS-
FORMER-COUPLED TRANSISTOR H.T. 

UNIT. 
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capable of delivering a few milliwatts of A.F. output, which is trans-
former coupled to the transistor output stage. Some power from the 
valve is required, as transistors are true power amplifiers. Owing to 
their low input impedance, power—and not only voltage—is required to 

drive them. 

Transistor Output Stages 
Power transistors differ from small amplifying transistors mainly • 

by their size, and by the amount of current they will handle. Because 
of the high powers dissipated in these transistors, additional means of 
disposing of the resultant heat is required, in order that the temperature 
of the germanium junction is kept at a safe level. Consequently. 
power transistors are designed to be clamped to a relatively large mass 
and area of metal. This is termed the " heat sink ". 

This heat sink is designed to help to get rid of the heat both by 
convection and radiation. It may take various forms, such as a 
finned plate or a box; in some instances the case of the set itself may be 
used. It is always important that the heat sink is not covered when 
installed, and also that some freedom of air circulation is maintained. 
Also it is inadvisable to mount the transistor unit with its heat sink 
directly into the air stream of a car heater. 
Power transistors are designed for good heat transference from the 

transistor element to the metal casing; to help matters, one of the 
transistor electrodes, the collector, is connected directly to the metal 
casing of the transistor. As it is sometimes impossible to have the 
collector connected electrically to chassis, it may be necessary to have 
either the transistor heat sink insulated from the chassis, or the tran-
sistor body insulated from the heat sink. The latter is usually done 
by interposing, between the transistor and its heat sink, a thin mica 
sheet only a few thousandths of an inch thick. Mica is particularly suit-
able because of its small heat resistance combined with good electrical 
insulating properties. To increase heat transfer from the transistor 
body to the heat sink, all the touching surfaces, including the mica 
washer, are usually coated with silicon grease. 
When a power transistor is replaced, it is important to maintain good 

electrical insulation, while making sure that the heat transfer is not 
impeded. While power transistors are semi-conductor triodes, having 
only three electrodes, namely emitter, base and collector, their character-
istics in many ways resemble those of pentode valves. To date, in the 
United Kingdom, only p—n—p types of germanium power transistor 
have been used; with these the " live" supply voltage is always 
negative. This must be borne in mind very carefully, as the reversal 
of supplies may cause serious damage to the transistor. 
The usual circuit configuration for transistor amplifiers is the common-

emitter circuit. This roughly corresponds to the grounded-cathode 
circuit of a valve amplifier; the emitter corresponds to the cathode, the 
base to the grid and the collector to the anode. The common emitter 
.1 the basic configuration without any inherent feedback, consequently 
giving highest gain. Another possible circuit is the common-base 
arrangement, which may be likened to a grounded-grid valve amplifier: 
gain of such a stage is small, as there is 100 per cent current feedback. 
Finally, there is the common-collector amplifier corresponding to a 
cathode follower: again gain is lower than in a common-emitter circuit 
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due to 100 per cent voltage feedback. In practice, all three arrange-
ments may be found in transistor amplifier circuits, though the common-
emitter circuit predominates. 
The amplifier stage may uso one or more transintors. The working 

of a single-transistor Class A amplifier (Fig. 49) is analogous to a valve 

FIG. 49.— SINGLE TRANSISTOR CLASS A 
OUTPUT STAGE. 

Class A amplifier , in that a steady collector (anode) current is flowing, 
which is adjusted by the value of fixed bias. The signal, which is 
superimposed on the bias voltage and supplied in series with it, controls 
the flow of the collector current. This collector current in turn flows 
through the load formed by the output transformer and its reflected 
load. 
The difference from a valve amplifier lies mainly in the input current 

being amplified, and the signal as well as the bias being supplied as cur-
rent. Owing to the high spread of the current amplification factor and 
the input resistance of the transistors, the value of the bias current is 
usually adjusted on test, by means of a potentiometer incorporated in 
the bias network. This current must be readjusted to its correct value 
when the transistor is replaced or circuit changes are made. 
The bias potentiometer forms a ready-made means of checking the 

correct functioning of the transistor, as the collector current must show 
change when the bias potentiometer is moved. Care must be taken 
that a safe value of collector current is not exceeded. 
A drawback of the Class A amplifier is the high collector dissipation 

of the transistor in comparison with the A.F. power output, which 
will always be less than 50 per cent of the dissipated power. The 
power taken from the battery will be constant and independent of 
signal. 

If two transistors are used, much more efficient working can be 
obtained by Class B operation. A Class B amplifier will be more 
efficient not only - in terms of conversion of batter'y supply to audio 
power (efficiencies of 70 per cent can be reached) but also more power 
can be obtained from a given size and dissipation rating of the tran-
sistor. This is because the current drawn by the transistors will be 
proportional to signal. When there is no signal, only very small 
current flows; when signal increases, the current taken also increases. 
As the average ,value of music or speech is considerably lower than the 
peak value, the average power dissipation in the transistors illower than 
in Class A, and consequently the heat sink can be much smaller or 
omitted altogether; conversely, from a transistor of a given size and 
rating, much greater output can be obtained in Class B. As Class B 
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circuits have only a very small standing current, there is usually no 
need, and consequently no provision, for individual bias adjustment. 
A typical circuit is shown in Fig. 50. 

50.—A.F. DRIVER AND 
CLASS B OUTPUT STAGES. 

• In order to obtain somewhat similar characteristics to Class B 
operation without the need for two power transistors, a " sliding bias" 
circuit is used in some sets. This is basically a Class A circuit, using 
one power transistor. The bias, however, is not fixed, but made 
proportional to the average value of audio signal handled. Conse-
quently, the average power taken from the battery supply and the 
transistor dissipation can be made lower for a given peak power output, 
than in a conventional Class A amplifier. 
The variable bias current is usually derived from the output stage 

itself; a pin of the audio output being rectified and superimposed on 
the small standing bias. Care must be taken that the charging-time 
constant is short and the discharge-time constant is long as compared 
with the audio-frequencies. In urder to achieve this, a directly coupled 
pre-amplifier transistor stage is sometimes added, the rectified part of 
the output being applied to this stage together with the fixed bias. 
With this arrangement the pre-amplifier-stage powez gain is added to the 
feedback" loop, with consequent lowering of power drain for bias 

requirements. Thus, the discharge-time constant can be kept fairly 
long. A disadvantage of " sliding bias" is that a certain amount of 
harmonic distortion, particularly transient distortion, is inevitably 
' introduced. 

With any type of power-transistor stage, it is important always to 
have a loudspeaker or output meter connected in circuit. Should the 
set be switched on without a load being connected, across the output 
transformer secondary, the high voltage developed across the inductance 
oi the output transformer may irreparably damage the transistor. 
This effect is somewhat similar to " flash-over ", which can occur in a 
valve amplifier in similar circumstances. 

Sets using the " hybrid "•principle can be made for reception on all 
normal wave-bands, including Band II for V.H.F./F.M. reception. 
While the reduction of the drain on the vehicle battery is less than is 
possible with a fully transistorized receiver (largely owing to the heater 
power required for the valves), an appreciable power economy is 
possible compared with a conventional valve receiver. 

F. J. G. 
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TELEVISION RECEIVER PRACTICE 

The pattern of television receiver design has tended to become 
rather more standardized in recent times compared with the decade 
following the re-opening of the television service in 1946; design 
efforts have been directed mainly in the direction of better engineering 
and value for money. 

Since the introduction of commercial television some form of multi-
channel tuner is always used, either using selected separate coils for 
each channel, as in turret tuners, or switched coils, as in thé incremental 
tuner or a combination of both. Permeability tuners are occasionally 
found. 
Now that there are a number of frequency modulation (F,M.) radio 

broadcasting stations operating in Band II, many television receivero 
ego include facilities for receiving these programmes, the purely tele-
vision section of the receivers being switched out during the reception 
of F.M. radio. 
The 17-in, tube is mrrently by far the most popular size of eathodc-

ray tube, 14-in. tees being used only in the lowest-priced sets and corre 
portables. Many tubes are now electrostatically focused (see Section 
24). With the advent of the 110-degree scanning-angle tube, however. 
even 21-in, tubes can be accommodated in quite compact cabinets; 
while 17-in, portables are quite small and light, one particular model 
being only 15à in. high, IS in. wide and 13Z M. deep. 
Most receivers includi. number of features now considered meee or 

less essential, e.g., sound and visita automatic gain control, sound and 
vision interference limiting and, at least, in most fringe receivers, 
some form of flywheel control on the line time-base. 
As brightness levels of receivers have increased, and because in most 

receivers the D.C. component of the received signal is partly lcSt before 
the signal is applied to the cathode-ray tube, it is possible under some 
conditions for the lines occurring during the frame flyback period to 
become visible as widely spaced sloping lines. Most receivers nr ni-, 
a method of blanking out these lines; usually by applying to tile 
cathode-ray tube a suitable pulse from the frame time-base. 
The H.T. supply for most receivers usually consists of a simple half-

wave rectifier to which the mains supplies are applied via a resister 
tapped to accommodate different input v -iltages. It is somewhat 
cheaper and generally lighter to have large capacitances and small 
inductors to provide a given degree of H.T. smoothing; this also 
allows the voltage drop across the choke to be kept small. With very 
large electrolytic capacitors, 100-200 e, used for H.T. smoothing, 
electrolytic charging currents have become very high, placing con-
siderable strain on valve rectifiers, so that metal rectifiers are often used. 
The voltage drop across these rectifiers on low mains.supplies is often 
appreciable, and many receivers have facilities for shorting-out the 
rectifiers when low-voltage D.C. mains are used. 

Silicon power rectifies may well supersede selenium types, as they 
have negligible voltage drop, less than 1 volt compared to 12-20 volts 
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for selenium, are very small and can operate safely at temperatures in 
excess of 100° C. 
The introduction of printed-circuit technique .to television receivers 

has drastically changed the form of many receivers. Because a design 
has to be completely developed before mass-production printing—and 
because of the difficulty or irhpossibility .of modifying a design once 
printed—manufacturers have tended to use several small printed 
circuits clipped or bolted on to a main framework. Such panela are 
easier to print, wire up and test, and, if modifications have to be made 
to them, the minimum waste occurs. In addition, many receivers 
have detachable or replaceable panels to ease the service problem. 
The circuit diagram of a typical 17-in, receiver with a 90° deflection 

picture tube is shown in Fig. 1. The valve types and functions are as 
follows: V1 30L1 (PCC84, cascode R.F. amplifier; V2 30C1 
(PCF80, 9A8) frequency changer; V3 EF85 (6BY7) common vision 
and sound I.F. amplifier; V4 30F5 vision I.F. amplifier; V5 6D2 
(EB91, 6AL5) vision demodulator (A) and frame sync. pulse shaper 
(B); V6 30F5 video amplifier; V7 30FL1 sync. separator (tetrode) and 
line oscillator (triode); V8 PCL82 (16A8) frame blocking oscillator 
(triode) and frame output (pentode); V9 30F5 sound I.F. amplifier; 
V10 8D2 sound interference limiter (A) and A.G.C. clamp (B); V11 
30PL1 audio amplifier (triode) and audio output (tetrode); V12 30P4 
(PL36) line output; V13 1.1191 efficiency diode; V14 1/26 E.H.T. 
rectifier; V15 CRM173 picture tube; V16 PY32 H.T. rectifier; MR1 
CG6E sound detector. 

RADIO-FREQUENCY AND INTERMEDIATE-FREQUENCY 
AMPLIFICATION 

As in modern radio-receiver practice, the majority of the amplifica-
tion in a television receiver takes place before the sound and vision 
detectors. For a considerable period British designs assumed the 
reception of one channel only, with the result that many were of the 
T.R.F. type, and could be retuned to another channel only if major 
alterations were undertaken. 

Latterly this concept has disappeared; all receivers can be tuned 
from channel to channel readily, and for this reason the superheterodyne 
principle is used exclusively. 

Basic Requirements 
In a superheterodyne receiver the intermediate-frequency amplifier is 

responsible for most of the gain, and also for determining the precise 
shape of the response curve. Due to the fairly rigid conditions imposed 
by vestigial sideband transmission, the response must be held to within 
fairly close limits if various distortions are not to appear on the picture; 
and with this in mind the circuits, operating frequency and valve types 
used must be chosen with some care. In any case a commercial receiver 
has always to be designed with a view to reasonable production 
economies, and many ingenious ideas have been introduced into this 
part of the set in order to achieve the required results with the minimum 
number of components. 
The tuner must select the wanted channel and convert the vision and 

sound 'signals to the intermediate frequency. It therefore contains, 
basically, a mixer and local oscillator for the purpose'of frequency con-
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version. Additionally a signal-frequenoy amplifier stage is nearly 
always included. Selectivity against unwanted signals is of the utmost 
importance, and .to provide this prior to the converter with tuned 
circuits alone is most difficult. Without adequate facilities, many signals 
at various frequencies could beat with the local oscillator to produce 
spurious interference with the wanted signal at the intermediate 
frequency. 
As was pointed out earlier, a modern receiver of high sensitivity 

will provide a good signal-to-noise ratio when operating at full gain. 
Achieving this result depends upon careful design in the tuner section. 
The mixer inherently produces much random noise, and the effect of 
this must be overcome by means of a radio-frequency amplifier giving a 
low noise contribution. 
Much trouble may be caused by radiation from the local oscillator 

of a television receiver, especially if it occurs at a frequency liable to 
cause beat interference with a nearby receiver, perhaps operating on 
another channel. Apart from careful screening, the radio-frequency 
stage will provide a large part of the attenuatión needed to prevent the 
local oscillator output from reaching the aerial. 
Adequate arrangements must also be made to separate fully the 

sound and vision intermediate-frequency signals within the receiver; 
the possibility of the visi n signal components appearing in the sound 
channel and vice-versa must be entirely eliminated, except, perhaps, 
under the most unlikely cor litions (e.g., a signal strength several times 
higher than the overload level, or complete mistuning). To this end 
various trap circuits are included in the vision intermediate-frequency 
channel to attenuate the sound signal as much as several hundred times, 
and care must be taken to prevent other forms of coupling between the 
sound and vision amplifiers. 

THE RADIO-FREQUENCY AMPLIFIER 

Noise Considerations 

As has already been stated, the first purpose of the signal-frequency 
amplifier in a superheterodyne receiver is to provide gain prior of 
frequency conversion sufficient to render the large noise contribution to 
the mixer stage unimportant. The random noise appearing with weak 
signals is then due only to that received with the signal, the noise 
generated in the aerial radiation resistance and the noise contributed 
by the first circuit and valve—i.e., the radio-frequency amplifier. If 
large, this noise voltage can severely limit the maximum usable sen-
sitivity of the receiver, and in good designs every effort is-made to 
reduce t to an extent where the aerial and received-noise predominate. 
At frequencies below 50-60 Me/s, using modern valves, the noise in 

the first stage will be largely due to shot and, in the case of a pentode, 
partition noise, which, for purposes of calculation, is normally assumed 
to occur in an imaginary resistance R., in series with the grid of the 
valve. With R., taken as 1,000 ohms it is just possible, under these 
conditions, to design, for a receiver having the desired bandwidth for 
the British television system, a radio-frequency stage which has a noise 
factor (N) of 5 db (noise factor being defined as the ratio of the total 
noise at the output from the source of signal and the receiver divided by 
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the noise due to the signal source alone). If the noise factor is 5 db, 
then to a large extent the receiver will not unduly limit the range of 
reception, and for a signal-to-noise ratio of about 12 db—which experi-
mentally has been found to be the limit of useful reception—the 
minimum usable signal is of the order of 10 µV. 
When it is desired to achieve similar results in Band III ( 174-216 

Mo/s), the question of transit-time damping has to be taken into account. 
In the first place the type of valve used at 60 Mc/s will usually have 
such a low value of input impedance at 200 Mc/s that it will be very 
difficult Indeed .to produce much gain. This means that the mixer 
noise contribution now becomes a serious factor, and also that induced 
grid noise has to be considered. 
The input conductance due to transit-time damping is proportional to 

mutual conductance, the square of the frequency and the square of the 
transit time; as also is the noise current. It is permissible to consider 
these noise fluctuations to be the noise of the input resistance. It can 
be seen that the frequency of operation, being a squared term, has a 
serious effect, and only by the use of specially designed valves, wail a 
suitable transit time, can a low noise factor be achieved, even supposing 
a low value of Triodes are in fact most suitable at 200 Me/a, since 
they do not suffer from partition noise and can be made to have a good 
transit-time characteristic. The " Noise Reference Frequency" 
(defined as the frequency where R4 //ii 1 and designated f,.) is 
generally twice as high for a good triode as for a good pentode. It 
may be shown that the noise factor for a triode when the input 
arrangements are correctly matched will be: 

7 9 
N i+ 

7 
While for a pentode N = 4/2/f,.1 (2) 

(1) 

Considering the difference between the values off., the choice of a valve 
is obviously centred on a triode. 

Circuits 

It is not necessary to dwell at length on the circuit of the pentode 
stage for use up to 50 or 60 Me /s, as it is in most respects similar to that. 
of an intermediate-frequency stage, which will be discussed in detail 
later. In order to achieve the maximum gain to the mixer grid, a four-
terminal coupling network should be used, 3,nd band-pasa filters have 
been very common in designs for Band I reception only. 

In using a simple trio& for the first-stage amplifier the circuit must 
be very carefully considered. With the simple grounded-cathode 
connection, feedback through the anode-grid capacitance is the foremost 
problem, and satisfactory neutralization circuits are not easy to design. 
The effective input capacitance tende to be increased, and is apt to 
depend critically upon frequency. Neutralization also becomes too 
critical if high gain is attempted. One of the first triode input circuits 
to be used commercially was a push-pull arrangement developed by 
R.C.A. With this circuit, cross neutralization of a non-critical type is 
practical, and suitable gain-band-width characteristics were obtained. 
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i'vro major disadvantages, however, are ( 1) the push-pull arrangement 
is vastly more complicated and expensive than a single-ended one; 
and (2) the neutralized triodes provide relatively poor isolation between 
the local oscillator and the aerial. 
The grounded-anode triode connection has not been used commercially 

on a large scale. It requires neutralization, which may be at least as 
difficult to apply as with the grounded-cathode triode. 
The grounded-grid triode connection is, however, very popular. It 

is an inherently stable arrangement owing to the high degree of cathode 
feedback. Compared with a pentode, the input and output impedances 
are, of course, quite low, and for this reason the valve is often made to 
match the aerial feeder directly when used in commercial receiver 
designs. This has the disadvantage of making the set rather less 
selective against image frequency and other similar interferences and 
does not provide the maximum of attenuation of the local oscillator 
ea-c.f. When matched with a tuned circuit to the aerial feeder and the 
circuit adjusted for best noise factor, the grounded cathode triode tends 
to have a low gain. This means that the noise at the input to the 
second stage has to be considered, and a second low-noise-input stage 
is really required. 

Caseode Amplifier 

An amplifier which has been universally used for Band III is the 
grounded-cathode, grounded-grid configuration, usually referred to as 
the " Cascode " circuit. The basic form is shown in Fig. 2 (a), where 
two triodes are seen te be connected in series. The second triode may 
have its D.C. grid voltage fixed by means of the potentiometer and, 
acting as a cathode follower, holds the anode voltage of VI very nearly 
constant. The anode current of VI still flows in the load formed by 
the cathode input impedance of V2 but, with the anode voltage con-
stant, the behaviour la that of a pentode having no screen current and 
no partition noise. From the signal point of view, V2 is a grounded-
grid triode, is stable and produces gain with a good- noise factor VI 
produces little gain due to the low load, but has a high input impedance 
—allowing a good matching circuit, which helps the noise factor—and 
does not essentially require neutralization. 

Fig. 2 (b) shows a practical circuit in which it will be seen that some 
inductance (L) has been inoluded in the anode circuit of VI and a 
neutralizing capacitor has been added. Although much has been pub-
lished concerning this arrangement, a brief description is as follows: 
L is of such a value as to be effective only in Band III (in television) 
and the neutralizing capacitor C,, with the bypass capacitor C1 form a 
bridge circuit with the valve capacities. By careful choice of values it 
is possible to obtain excellent balance with règard to the feedback and 
neutralizing reactances, so that optimum gain and noise performance 
are realized. The purpose of the tuning capacitor C1 will be described 
later under " Tuners . 
The cascode circuit is described in Vacuum Tube Amplifiera (Vol. 18, 

M.I.T. Radiation Laboratory Series), and figures are given for a first 
stage in a 2-5-Mc/s band-width amplifier at 180 Mc Is. The cascode 
arrangement' provides a noise factor of 5-5 db as against 7 db for two 
grounded-grid, stages in cascade. Since then special valves of the 
double-triode type have been developed for commercial use. In 
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+ Fia. 2 (a) (left).—Taz Besic Ft:mu or CAS. 
CODE AMPLIFIER. 

OUTPUT 

INPUT 

Fia. 2 (b) (below, left).—PRAOTIOAL CASCODE 
ABRASGEMENT. 

Fla. 3 (below, right).—EQurvemaTT CIRCUIT 
OF THE CASCODIS ARRANGEMENT or FIG. 2(b). 

rs, 

addition to exce lent characteristics, special screening is included, so 
that the anode of V2 (Fig. 2 ( b)) may be well separated from the rest of the 
circuit. Needless to say, care must always be taken to continue this 
shielding outside the valve. 

Recently, sharp cut-off tetrodes such as the 6CY5 are being used as 
R.F. amplifiers in the United States in place of the conventional cascode. 

Input Circuits 
The circuit used to match the aerial feeder to the grid of the first 

amplifier stage will be discussed from the practical point of view under 
" Tuners ". Certain pointe of theory are worth noting, however, since 
the circuit is difficult to design in order to achieve good results at all 
frequencies. On the other hand, only correct matching will provide the 
degree of performance necessary to exploit the capabilities of a low-
noise-input stage. 
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Commonly used aerial systems may work into a feeder having a 
characteristic impedance Z0 between 75 and 300 ohms, and the problem 
is to match this to the first valve so that maximum power transfer is 
achieved with the requisite response curve. This will generally be 
necessary over the limited band of frequengies occupied by one trans-
mission, with the proviso that the circuit may be easily retuned to 
another channel by means of a simple change to the transformation 
network. The valve-input impedance Ri and the dynamic circuit 
impedance Re form the load, of which Ri can be considered predominant 
in most cases. The difficulties encountered due to the dependence of RI 
on frequency will be mentioned in detail later; meanwhile it can be seen 
that between Bands I and III some accommodation must be made for 
the variation in R4, which will be of the order of 1 : 16. 

Fig. 4 illustrates three single-tuned input circuits which are suitable 
if the first stage is followed by a band-pass network. The circuit in 
Fig. 4 -(a), being a tuned transformer, has the advantage, if correctly 
designed, of being suitable for balanced or unbalanced cables; in the 
first case the primary would probably have an earthed centre-tap. It 
is suitable for use with a cascode amplifier where both ends of the 
secondary coil are available for connection to the valve and feedback 
circuit and, in certain types of tuner, enables the best match to be 
obtained on each channel. Its primary drawback is that it is very 
difficult to couple tightly enough when ratios above 4: 1 or 5 : 1 are 
wanted. 
From the coupling point of view, cirèuit Fig. 4 (b) is a slight improve-

ment but cannot accommodate balanced feeder. In tuners of the 
permeability type it is also difficult to keep the transformation ratio to 
the value needed. 

Circuit Fig. 4 (c) is particularly satisfactory for medium ratios, if a 
balanced input is not necessary, and fits well into some tuner arrange-
ments. It also possesses the virtue of being a low-pass filter, and pro-
vides excellent attenuation of the local oscillator e.m.f.; although it is 

(a) 

Ct 

co 
N. ct 

N--   

(b) 

FIG. 4.—SINGLE-TUNED INPUT CIE-
CUITS: (0) TUNED TRANSFORMER; 
(b) TAPPED COIL; (S) ir-FILTER NET-

WORK. 
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often necessary to provide an extra filter for the attenuation of inter-
fering signals at low frequencies. • 
While double-tuned input circuits have not been very popular in 

commercial-set designs, they may appear before long for various res .uns. 
Under certain circumstances better matching across the band m.,.v 
realized, while the noise egure and—generally—selectivity would tend 
to be improved. 

FREQUENCY CONVERSION 

Tho conversion of the incoming signal to the intermediate frequency 
has most often leen accomplished in television receivers with a two-
valve circuit. Special frequency changers of the triode-hexocli) or-
pentagrid type—as used in radio practice--are generally not suitable 
at high frequencies and for large band-widths, du., i low con,,orsion 
conductance and high values of B,. A triode forms a suitable oscillator 
even at nearly centrirnetric wavelengths; while pentode or triode mixers 
have been used in the same or a separate envelope. In the U.S.A., 
receivers for Bands IV and V have used crystal mixers due to the 
inadequacy of available valve types above 400 Mois. 

Another arrangement popular in this country and in Europe is the 
self- oscillating mixer—sometimes a triode and sometimes a pentode— 
which has the advantage of savifig valves and components. 

k10K 

(a) 

FINE 
TUNER 
1-3pr 

(e 
5.—POPULAR LOCAL OSCILLATOR CI1RCUITS (a) MODIFIED COLPITTS; 

(b) TICKLER COIL; (C) HARTLEY; (d) MODIFIED HARTLEY. 
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6.—PENTODE MIXER WITH SEPARATE LOCAL 
OSCILLATOR. 

Oscillator Circuits 

Standard oscillator circuits are, for the most part, used with suitable 
modifications for the high frequencies encountered. A popular form is 
shown in Fig. 5 (a). This is a modified Colpitts, since the C,,„ and Co 
capacitances form a large part of the tuned circuit. Additional 
capacitors are often added to obtain stability or for the purpose of fine 
tuning control. Ce though only 2 pF, makes an almost unbelievable 
improvement to the drift characteristic, due to the change of valve 
capacitances during warm-up. The fact that the coil has only two 
connections is very helpful in tuner design. 

Fig. 5 (b) and (c) show two circuits using coils having more than two 
connections. Apart from this disadvantage they have been widely 
used and have particular merits. Arrangements (e) and (d) both have 
earthed anodes. This may be very useful, since the anode becomes a 
virtual screen, except round the valve lead-out wires, and in this way 
local-oscillator radiation has been lowered in practical designs. The 
temperature-drift-compensation-capacitor has been shown in Fig. 5 (d), 
connected between grid and cathode, and could, of course, be connected 
to achieve the same result on the other arrangements. 

The Pentode Mixer 

Grid mixing has been found the most suitable with pentodes, a 
common circuit arrangement being shown iii Fig. O. The oscillator drive 
is coupled lightly into the pentode-grid circuit, where the bias is self-
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FIG. 7.—ALTERNATIVE METI-OD 
OF COUPLING LOCAL OSCIL7 aTOR 

TO PENTODE MIXER. 

determined by the drive due to, the grid leak and coupling capacitor. 
The arrangement is somewhat critical as to screen potential, and the 
conditions of operation, in all respects, rliould be carefully determined 
experimentally so that maximum conversion conductance (S.) 'is 
obtained. In practice, the gain is seldom better than one-third of the 
figure obtained with the same valve type used in amplifier service. 
An alternative mithod of coupling-in the oscillator drive is shown in 

Fig. 7. This has the advantage of removing the effects of the fairly 
close coupling needed from the input network, and also the oscillator 
volts to some extent. While suffering from the disadvantage that it is 
not easy to arrange constant injection over a wide frequency range, it 
may become popular due to the need to limit severely the effects of 
oscillator radiation. 
The pentode mixer is an extremely satisfactory device in one respect; 

the lowest television chanpel is, in some designs, very close in frequency 
to the intermediate freque cy, and the low level of C., feedback makes 
the circuit inherently stable, provided that a suitable valve is used. 

Offsetting the advantages, are the high values of R., of a pentode in 
mixer service, the low value of Rg in Band III and the damping caused 
by grid current. The gain of the previous stage therefore tends to fall 
appreciably with increasing frequency, and the mixer noise contribution 
becomes important. 

I. F. 

L.51 

COSC 

•1. Cb 

Prin. 

FIG. 8.—SELy-osciLLATnro MIXER. 
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Triode Mixers 

As for :adio-frequency amplification, the triode becomes particularly 
attractive in Band III, where the considerable difference between the 
input and output frequencies, and the fact that all circuits are tuned, 
makes neutralization unnecessary. At the lower end of Band I the 
situation with a triode mixer may be very difficult as the intermediate 
frequency may be separated by only 3-5 Mo/s from the signal frequency. 
Even here, the feedback can be overcome by using a capacitive load, but 
so much of the gain will be lost in this way that performance will be very 
poor at higher frequencies. In commercial designs the intermediate 
frequency is either well separated, or the standard forms of neutraliza-
tion applied. In all other respects the circuits do not differ from those 
used with pentodes, and further elaboration is unnecessary. 

Self-oscillating Mixers 

The circuit described below was first publicized in this country in the 
application reports of Messrs. Mullard Ltd., who, with their associates, 
were responsible for its development. 
The basic circuit shown in Fig. 8 uses a high-slope radio-frequency 

pentode connected to oscillate between grid and screen. By carefully 
adjusting the circuit capacitances (a balancing capacitor 06 may be 
needed for this) the centre tap on the oscillator coil will be at zero 
oscillator-potential, and the signal is fed in here. Apart from any lose 
due to the series effect of the oscillator circuit (L0.,. and C.0.), signal and 
oscillator frequency components are now modulated on the electron 
stream, and mixing takes place. The screen voltage and grid current 
are arranged for maximum conversion conductance, which, it is claimed, 
compares very favourably with normal grid mixing. 

Against the advantages of economy and high S, must be set the low 
input impedance caused by grid and screen currents. This may make 
realization of the full gain of the preceding stage difficult. Further, 
the accuracy of balance may be poor because: 

(a) tuning arrangements of LC,4„, are not easy to balance 
perfectly; 

(b) is usually made small to prevent loss of signal, and 
with a small inductance it may be more difficult to keep balanoe. 

Accuracy of balance is essential to reduce oscillator radiation, and it 
should be remembered that it is probably not possible for the average 
service man to check this point. The question of input impedance, 
balance, etc., tends to make the circuit more or less unusable on Band 
III. 
A development of the self-oscillating mixer is shown in Fig. 9, where 

the grid leak resistance has been made very large (several megohms) and 
the coupling arrangement has removed the effect of the other electrode 
current present in the last circuit. The general problem with an 
oscillator having a very high grid leak is that it tends to block for long 
periods or " squeg ". This, too, has been avoided by a novel feedback 
connection to the return of the signal circuit with the aid of suitably 
chosen time constants. The balancing capacitor is again present, and 
must be adjusted for minimum oscillator voltage at the input. 

Excellent performance is claimed for this circuit, particularly in 
regard to noise factor. Once set up, it has many advantages for opera. 
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FIG. 0.—ALTERNATIVE FORM OF BELF-OSCILLATINO 
MIXER. 

tion on a single-frequency allocation, but does not easily fit the require-
ments of a multi-channel receiver. It is very suitable at 200 Mets, but 
cannot be used if the intermediate and signal frequencies are close. 

Oscillator Stability 
It is, of course, essential in any superheterodyne receiver to keep the 

local oscillator reasonably stable. In a television receiver it should 
not be necessary to readjust the oscillator tuning control, except when 
tuning from channel to channel; and the circuit must therefore be 
frequency stable over both long and short periods.' Average sound-
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FIG. W.—OSCILLATOR DRIFT ON BAND III : (a) V'TROUT COMPENSA tiON ; 
(b) DRIFT REDUCED BY CAREFUL CHOICE OF TEMPERATURE COMPENSATION. 
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and vision-channel characteristics will probably accommodate a drift 
of ± 100 kc/s, and it is wise to try to keep well within this figure if 
picture and sound are not to deteriorate owing to rnistuning. 
The means of achieving oscillator stability have already been in-

dicated to some extent, and the advantage of partial swamping of the 
valve capacitances with a suitable capacitor cannot be over-emphasized. 
Fig. 10 (a) shows a typical drift curve for an oscillator in Band III. 
Mosp of the change occurs during the first 10 minutes, and is due to the 
valve reaching operating temperature, following which the general 
temperature rise in the set causes a further change. In Fig. 10 (b) the 
drift has been reduced overall by about ten times by: ( 1) the careful 
choice of a compensating capacitor; (2) making sure that all other 
components and parts have small temperature coefficients; and (3) in 
general exercising considerable experimental care. 

CHANNEL SELECTORS 

Channel selectors fall roughly into two classes. The first—which 
was in general use in British receivers between 1949-54—is a pre-set 
arrangement and cannot be readily adjusted by the owner without some 
inconvenience. The receiver is, therefore, essentially a single-station 
set, although it can be tuned, when required, to other stations. The 
second class of receiver has a channel-selector knob available to the 
owner, and in the U.S.A. has afforded the choice of twelve channels in 
Bands I and III until the introduction of Band IV and V transmissions. 
(Eighty-two channels are now theoretically available in America, but 
there are few designs of selector giving more than partial coverage at the 
time of writing.) Since 1955, British receivers have been fitted with 
tuners covering Bands I and III 

Pre-set Tuning 

Fig. 11 shows a basic circuit of the radio-frequency, • mixer and 
oscillator stages of a receiver for Band I. Similar arrangements 
appeared in many manufacturers' products until 1955. L„ L, and 
L 3 are the signal-frequency circuits, tuning with the valve and stray 
capacitances in order to give the highest L/C ratio. L, and L, form 
a top-capacitance-coupled, band-pass filter, which must be adjusted 
to peak on either side of the centre frequency .1,o which the aerial 
circuit is timed. The local oscillator coil L, must be tuned to a fre-
quency higher than the signal by an amount equal to the intermediate 
frequency. 
In some receivers the coils have been permeability-tuned, and the 

tuning cores bave simply been brought out for adjustment during 
installation. In this case the oscillator is easy to set for maximum 
sound, but the signal circuits have to be peaked more oe less cocrectly, 
as otherwise the response curve will be very poor. In these circum-
stances the band-pass filter has generally been dropped and the signal 
circuits made flat enough to obviate serious tuning difficulties. This, 
of course, leads to loss of gain, and the noise factor will be adversely 
affected. However, not all receivers are intended for " fringe area " 
reception. 
In other designs the four tuning slugs have been ganged together and 

actuated by a knob-operated, mechanical drive. While there is no 
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FIG. 11.—TYPICAL " FRONT-END " OF A BAND I RECEIVER. 

SENSITIVITY 
CONTROL 

!me 
OSCILLATOR 

doubt that this is a method giving superior circuit performance, the 
ganging problems are serious. The tuning cores must have close per-
meability-tolerances, and the drive system must be accurate. The coils 
must be wound to close tolerances and sometimes have a variable pitch. 
The tracking problem is similar to that encountered in radio sets, and it 
is generally possible to align the oscillator frequency accurately at each 
end of the band. The errors at mid-band must be accommodated by 
having a wider signal-frequency pass-band than would otherwise be 
necessary. 
Another possibility is to have a switch (probably requiring four wafers) 

to insert new coils for each channel. Although expensive, this method 
ensures high performance, apart from the effect of the extra capacitance 
of the switch. 
None of these arrangements is particularly complicated, and fo,r this 

reason most designs have included the parts on the same chassis as the 
intermediate-frequency amplifier. Considerable complications would, 
of course, result if Band III reception were required, and above 100 Mc is 
. the permeability method of tuning has proved very difficult to design. 
In the higher-frequency region switches, etc., have become very popular 
and, being most suitable for customer operation, fall into the group about 
to be described. 

Customer-operated Tuners 

Where seVeral transmissions are receivable in one location the ()wile ,. 
of a television receiver has need to operate the channel selector. Thi, 
situation exists in most parts of the United Kingdom, and designers are 
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now fitting two-, three-, twelve- and thirteen-channel tuners of a type 
that can be operated as easily as, or more easily than, the tuning of a 
normal radio receiver. 

In the U.S.A. the majority of tuners have been of the " detent " type. 
That is to say, the operator has the feeling of operating a switch to move 
from one station to another, even if the mechanism of tuning is actually 
not a switch. The American public have expected to see a picture and 
hear sound immediately upon selecting the wanted channel, but to 
ensure accurate tuning, a fine oscillator frequency control has been 
brought out to a second knob. Selector and fine tuner shafts are made 
concentric. 
The rotary wafer switch as the basis of a tuner has been used very 

successfully in a large percentage of American receivers. Even more 
popular has been the rotary coil turret, in which the coils required are 
mounted round the periphery of a rotor drum, with the necessary con-
tacts located at different points. The valves and other parts are 
located on a chassis with spring stator contacts making connection with 
the appropriate rotor ségment. Other types of tuner have formed 
only a very small percentage of the total number used. 

Fig. 12 gives the basic circuit of a cascode radio-frequency stage, a 
pentode mixer and a triode oscillator located in the same envelope as 
the pentode. It can be seen that the input and output sections of the 
cascode amplifier have been carefully shielded, both inside and outside 
the valve. Likewise, the internal screen in the triode-pentode helps to 
prevent accidental oscillator injection. 
The turret tuner (in effect) involves no more than the circuit shown, 

since the coils or transformers appropriate to each channel are presented 

AGC MANUAL SENSITIVITY 
CONTROL(IF REQUIRED) 

FIG. 12.—" FRONT-END OF A MULTI- BAND RECEIVER SUITABLE FOR 
USE %vim A TURRET TUNER. 
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Fla. 13.—A Tmuurr TUNER. 

in turn to the stator contacts. This is inferred in Fig. 12 by the arrows 
at the end of the coil leads and the dotted line enclosures round the coil 
sections. Oscillator injection is assumed to be by means of mutual 
coupling between the coils, but a coupling capacity can be added inside 
or outside the rotor. It is difficult to allow for individual coil adjust-
ment in a turret and, in practice, the coils are all manufactured to 
standard inductance values. On insertion in the finished tuner, the stray 
capacitances aro trimmed to the expected value, to enable the circuits 
to tune accurately. Tho small trimmers connected to the " hot" 
ends of the coils are for this purpose, and would generally have a 
maximum capacitance not exceeding 5 pF. .Fig. 13 shows a typical 
design. 

Wafer switches tend to have in themselves fairly high values of stray 
inductance and capacitance. For this reason, and the fact that the 
design would become rather bulky, switch tuners normally do not select 
individual coils. Preferably the tuned circuit is series connected, in 
suitable sections round the switch, so that the total inductance corre-
sponds to that required for the lowest channel frequency. • The result is 
rather of the form of a transmission line, and the unwanted sections are 
shorted out. Fig. 14 indicates the principle, although there is some 
advantage in using both sides of a switch wafer so that each individual 
section can be shorted. When operating on the highest channel the 
whole wafer is short-circuited, and a small remaining inductor of the 
requisite value is tuned to this channel. The coils appertaining to the 
separate channels are not normally adjustable by the standard methods. 
since, in any case, they are too small in Band III. The Band III 
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G. 14 (above).—A SERIES CONNECTED 
SWITCH-TUNER CIRCUIT. 

FIG. 15 (a) (right).—PEAcricAL ARRANGE. 311 

MENT l'OR .A SWITCH-TUNER INPUT CIRCUIT 
WITH AN INPUT TRANSFORMER. 

Flo. 15 (6) (below).— A SWITCH TUNER WITH 
A IT-NETWORK. 

•1111 
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INPUT: 

(a) 

coils can be made in " hairpin" 1.. rm mid stretched as needed. The low 
band coils have several tuens, but fra still conveniently adjustable in 
this way.'  
The design of the input circuit becomes difficult wits switch tuners 

because of the cost and bulk rei ilting from segregating-the channels. 
One method is to have a wide-ban input transformer, lightly coupled 
to the resonant input cirouit (see Fig. 15). Here the transformer tends 
to be troublesome, as it is not easy to design this to work satisfactorily 
on Band I as well as on Band III. The turret tuner, for all that it has 
basically the input coil of Fig. 4 (a), usually gives more consistent results. 
An improvement can be made by using a transformer ' or each band, and 
a switch wafer for change-over. A better arrangement might be that 
shown in Fig. 15 (b), provided that it could be made suitable for the 
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I6.—A SWITCH TUNER. 

cascode amplifier. It may be that double-tuned circuits will provide an 
answer. 

Fig. 16 shows a modern switch tuner. 

INTERMEDIATE-FREQUENCY AMPLIFIERS 

Choice of Intermediate Frequency 

Mention has already been made of the care with which the inter-
mediate frequency should be chosen in the design of a television receiver. 
The following list indicates the most important considerations: 

(1) harmonic interference; 
(2) freedom from direct breakthrough interference; 
(3) second-channel rejection and other spurious responses; 
(4) intermediate-frequency rejection in tuner and mixer stability; 
(5) gain and band-width; 
(6) other response shape considerations. 

Dealing with these matters in order, the high-gain intermediate. 
frequency amplifier of a television receiver is quite capable of producing 
harmonics of the signals which are applied to its input. In the case 
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of the modulated carrier of a television transmission the power falla 
away rapidly at each side of the carrier, and any harmonic radiation 
from the output stages will be most noticeable at multiples of the 
intermediate-frequency carrier. It is possible for these harmonics to 
enter the signal-frequency amplifier, and if one is close in frequency to 
tne input signal a beat will ocour. This will appear on the picture as 
a line-pattern, modulating the brightness of the image. 
While harmonic interference can be serious, good engineering of the 

intermediate-frequency amplifier, such as will be necessary to ensure 
stable operation, usually disposes of the harmonic problem. Harmonics, 
to some extent, are bound to occur in Band III, and proper design is the 
sensible solution. 

If the highest possible intermediate frequency is used, the number of 
such combinations will, of course, be reduced, and B.R.E.M.A. has 
recommended 34-85 Mc/s (vision) and 38-15 Mots (sound). 

In some locations receivers will be required to operate near to high-
power radio-frequency sources, such as short-wave transmitters, radio-
frequency heaters, etc. Even though the tuner provides adequate 
attenuation, there is the risk of interference entering the intermediate-
frequency amplifier directly. The solution, except in extreme cases, 
is a matter of adequate screening, suitable layout and choice of fre-
quency. Screening may be limited by the costs involved, whereas a 
small alteration in the proposed frequency will probably cost nothing. 
In this connection due regard to the allocations for amateur trans-
mittens is probably among the more important factors. 
A low intermediate frequency naturally implies that the local oscillator 

frequency will be relatively close to that of the signal. Not only may 
this imply a poor degree of attenuation of the local oscillator e.rn.f., 
but, for the same reason, the second-channel response may be com-
parable to the wanted response. Further, the number of oscillator 
harmonica within a given spectrum will be greater, and the corre-
sponding number of possible spurious responses may cause trouble. 
Primarily, the second-channel frequencies should be carefully con-
sidered in relation to possible sources of local interference, which may 
often be radiation from other television receivers. 
One factor to be set against a high intermediate frequency is that it 

is more difficult to provide a high degree of attenuation in the tuner as 
the frequenoy is increased. In this country frequencies only a few 
megacycles below Channel 1 have been used successfully, although trap 
circuits had to be fitted to some receivers in order to remove inter-
ference due to aircraft marker beacons. In addition, the use of an 
intermediate frequency very near to the lowest channel may prevent the 
use of certain types of mixer circuit, since neutralization may prove 
impracticable. Fortunately a spacing of 5 or 6 Mc/s is often enough, 
and triode mixers are very popular in the U.S.A., tieing neutralized on. 
the lowest channels where necessary. 
With the best of modern valves designed for intermediate frequency 

application, the input impedance does not prove to be an insuperable 
obstacle up to 50 Mc/s, although more ingenuity in the circuit design is 
called for in order to achieve results comparable to those attained at 
the lowest practical frequencies. With present-day techniques, 
doubling the intermediate frequency (e.g., from 16 to 34 Mo/s) usually 
shows a slight decrease in the available gain for a given band-width, with 
a small loss in skirt selectivity. Many designers have thought worth. 
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VISION CARRIER 

FIG. 17.—VESTIGIAL SIDEBAND TRANSMISSION CURVE. 

while the expense of a few further components and the necessary valves 
in order to more than make good the loas occasioned by the e* ange. 
These remarks also apply to the sound channel. A 2: 1 change in the 

intermediate frequency produr 373 a rather alarming change in the 
maximum safe gain available from a given type of valve. Selectivity 
of the sound channel also calls for some care at the higher frequencies, 
and the additional tuned circuits provided by the use of a further stage, 
together with the lower gain per stage—both factors tending to sharpen 
the selectivity curve—are well worth the extra expense. 

FIG. 18.—MoDzrzED RESPONSE CURVE AT DETECTOR 01, A VESTIGIAL 
SIDEBAND TRANSMISSION. 
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Response Curves 

The vestigial-sideband system is now used almost universally for 
television transmission, and this discussion will, therefore, take no 
account of double-sideband problems. 

In the vestigial-sideband system, the vision carrier with its attendant 
modulation components is fully transmitted, except for the higher 
sideband frequencies on one side of the carrier. For the British system 
—where the upper sideband is suppressed—a transmission characteristic 
results as shown in Fig. 17. Compensation for this characteristic is 
required in the receiver, and a suitable response curve is indicated in 
Fig. 18. The carrier must be 6 db down relative to the top of the curve, 
and the sloping portion should provide for the British system a linear 
fall of 8 db/Mc between the points ± O15 Mc /s. This condition is not 
easy to satisfy in a practical amplifier circuit, but the alteration of the 
D.C. component and accompanying low-frequency distortion caused by 
deviations in the region of 1 db are, fortunately, very difficult to detect. 

Correct reproduction of the modulation components between 0-75 and 
3-0 Mc /a depends, of course, on a reasonably level response curve. 
While a perfectly level curve up to 3-0 Mc/s will, in fact, produce an 
excellent degree of fine detail, it must be remembered that it is necessary 
to attenuate the response to sound intermediate-frequency signals by 
at least 30-40 db. The resulting sudden change at this point would 
produce such severe phase distortion that " ringing" would almost 
certainly occur. This means that all sharp transients would be repro-
duced in the manner indicated in Fig. 19. The compromise solution is 
n gradual fall off in response, making the 3.0-Mc/s point about 6 db 
down; this is shown in Fig. 17. 
The degree of sound rejection must be sufficient to accominodate 

unusual reception conditions. In fringe areas the strength of the sound 
carrier may, for example; occasionally exceed that of the vision carrier 
by about 20 db. This means that 40 db should be considered the lower 
limit for rejection. The filters employed to ensure this condition tend 
to give a considerable response outside the band, and this may coincide 
with the position occupied by an adjacent carrier. In countries where 
many stations exist it has been iound necessary to reduce the response 
at the adjacent carrier points to 60 db down, or even more if feasible. 

Considering again that part of the response curve adjacent to the 
vision carrier, there is an alternative method of compensating for the 
vestigial.sideband characteristic. Either the whole or part of the slope 
required can be inserted after detection. Although at one timo this 
method was thought to be difficult, it has recently been gaining 
popularity, and excellent results have been obtained. 

RELATIVE 
AMPLITUDE 

FIG. I9.—TRANSIENT 
DISTORTION. 

TIME 
1-0 (MICROSECONDS 
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Valves for Intermediate-frequency Amplifiers 

In the majority of cases the signal at the input to the intermediate-
frequency amplifier will be sufficiently largo to overcome any random 
noise contributed by the intermediate-frequency stages themselves. 
Thus the most important consideration is obtaining the necessary gain 
and response shape as economically as possible. 
The relation between obtainable gain and band-width for a given 

valve may be determined from the " Gain-Band-width Product" 
(G.B.), which is directly proportional to mutual conductance and 
inversely proportional to input and output capacitances. 

G.B. -  gn,  
2n(Ci C0) 

The above formula disregards the effects of any stray wiring, 
capacitances, etc. Valves for intermediate-frequeficy application of 
modern design have a slope of about 7-8 mA/volt and a total input and 
output capacitance of 10-12 pF, giving a, figure for G.B. of 100-120. 
This is an improvement of approximately 30 per cent when compared 
with the best performance of pre-war valve' 

It is also important to choose a valve which will have an adequately 
high input-impedance at the intermediate frequency in question. If 
very low it will be the major load into which the previous valve will 
work, and will thus unduly limit the performance. A figure of merit, 
which is a useful. guide in this respect, is the " Gain Reference 
Frequency " at which g„, x Ri ---- 1. Valves can now he obtained with 
the values quoted in the previous paragraph for g,„ and C, and with an 
input resistance greater than 10,000 ohms a' 50 Me/s and having a 
value for the gain reference frequency f„ = 350 - 450 Mc/s. These 
figures are satisfactory for intermediate-frequency amplifier design up 
to 40 Mc/s. 

Staggered Tuning 

If a multi-stage amplifier is constructed in which the intervalve 
coupling networks consist of single-tuned circaits, all tuned to the 
centre frequency (fe) it will be found that the band-width decreases 
rapidly with an increasing number of stages, and such a design soon 
becomes uneconomical. It would also be very difficult to obtain the 
type of response curve shown in Fig. 17. 
This. difficulty can be overcome by the principle of" fiat staggering ", 

which involves adjusting the Q of the coupling circuits to certain values, 
and tuning them to slightly different frequencies. This is sometimes 
done by dividing the amplifie" into a number of similar seetio s having 
identical adjustments (i.e., pairs; two circuit sections; triplets, etc.), 
into a number of dissimilar sections or by applying the staggering 
principle to all the circuits in the amplifier to make, say, a quintuple. 
As there will be a slight reduction in band-width through cascading 
similar sections, the last method provides the maximum G.B. figure. 
The design of the staggering system 3ommences with, a reference 

circuit which must have constants providing a 3 db loss at the band 
edges when tuned to.% and which will have a G.B. factor with the valve 
used of g„./217(Ct„„u ;), where Cwt.; is the sum of all input, output and 
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IMPEDANCES AND TUNING FREQUENCIES. 

stray capacitances. AU the other stages in the amplifier will have a 
gain equal to a stage haying the reference circuit as a load,, so that it is 
at once possible to find the number of stages required provided that the 
overall gain is known. 

For example, with a band-width of 3.0 Mc/s at —3 db points, ana a 
G.B. of 54 (including all stray capacitances) the available gain per 
stage is 54/3 or 18, and a four-stage amplifier will have an approximate 
gain of 10,500. This figure is somewhat higher than is usually required 
but neglects the loss of gain in the last stage due to the detector and tilt 
necessary matching. 
The circuit impedances and tuning frequencies can be calculated with 

tho aid of the diagram given in Fig. 20. The diameter of the semi-
circle is the band-width of the reference circuit 13„1. with the centre 
frequency fo at the centre. The circle is divided into n equal parts 
according to the number of tuned circuits to be incorporated in the 
amplifier (in Fig. 20 n is 5). The height of the central perpendicular 
line can be considered to represent the conductance of the reference 
circuit, and by proportion the values for the conductance—or 
impedance —of the other circuits niay be calculated. 

Since the angle O is known (In this case 360), then: 

= Zs Z res. X sec 0 and 

fi = L x sin O ft =f + }Br,. X sin O 
Za =2= Zrot. X sec 20 and 

=fo — iBre. X sin 20 14 = lo + iBre. x sin 20 

From the ahoye it is seen that the greater the value of n, the larger the 
value of the impedance of the outside circuits. Even with a quintuple, 
the values for Z3 and Z, with Bra. equal to 3.0 Ws will often be so 
large that no extra damping is required beyond _th b valve-input 
impedance. This would mean that seven circuits could not be used. 
In the case where an even number of circuits are to be used—a more 

common condition—the reference circuit is not actually used in the 
amplifier as in the quintuple, although it does,•of course, appear in the 
design in the same way (see Fig. 21). 

Fig. 22 (a) and (b) shows a simplified circuit diagram ot a staggered 
amplifier with five tuned circuits and the response curves of the- circuits. 
separately and combined. Damping for the Coils Li—LS is obtained 
with the resistors R1—R5 in parallel with the valve-input impedances. 
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Fla. 22 (MX—TYPICAL T.R.F. FIVE-CIRCUIT ARRANGEMENT USING 
STAGGERED TUNING: (a) CIRCUIT; (b) RESPONSE CURVES. 

It is probable, however, that the resistance values would, in practice, 
be too large to be placedin series with the anodes. In this case choke 
coupling with the damping resistors in the grid circuits could be used. 
Another method which is popular is the use of double-wound trans-
formers. In order to obtain the tight coupling necessary to avoid a 
secondary resonance, the coils are wound in bifdar fashion. 
The provision of the large attenuation needed at the sound-channel 

frequency is accomplished with trap circuits. These can be high-Q, 
tuned circuits carefully coupled to the signal circuits in order to give a 
" suck out" at the sound intermediate frequency, or placed in the 
cathode lead of a valve to produce degeneration at resonance. Traps 
Ti and T3 are examples of the first type. Q values of the order of 200 
or more are desirable in order to obtain good results, and of course the' 
maximum amount of natural attenuation due to the signal circuits 
themselves is of great assistance. There is no law governing the choice 
of frequencies for a particular circuit, but it is a good plan to tune the 
output circuit close to the carrier so that the grid of the last valve will 
not be easily overloaded. 

Band-pc sa Filters 
The G.B. factors for double-, triple- and quadruple-tuned, band-pass 

filters in the unequal Q-case are as follows 3 : 

Double-tunéd, G.B. = g„,/27TVCiCo 

Triple-tuned, G.B. = g.,12-31eV ¡Co 

Quadruple-tuned, G.B. 

This shows that although the response of a single stage ca be im-
proved with the aid of a more complex network—especially in -regard to 
skirt response—there is a noticeable reduction in the available gain. 
Compared to the stagger-tuned amplifier, which had a maximum gain 
per stage determined by the total of the capacitances, the band-pass-
coupled amplifier is dependent upon the geometric mean of the capaci-
tances. This could lead to an advantage of 2 : 1. The G.B. factor 
of 54 previously quoted might reasonably be expected to rise to 75 or 
80 and, except for the fact that the band-width falls off as the result of 
cascading, considerable economy might result. 

In practice, the filters are often slightly different in each stage, and 
some of the advantages of staggering can be realized. Fig. 23 (a) and 
(b) gives a basic circuit, and shows the method of combiiiing the responses. 
The remarks applying to damping and traps in connection with Fig. 22 
are the same in this case. 

Gain Control • 
It is necessary to control the gain of a television intermediate 

frequency amplifier in order to deal with the large variations in signal 
strength which the receiver will be expected to accept. In the ease of 
manual gain-control, the slope of the valves can easily be regulated by 
varying the grid-bias potential, and the most common method is to 
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place a variable resistor in series with the cathode leads of the controlled 
stages. Unfortunately the input impedance varies rather widely with 
the bias voltage, and compensation has to be provided. The modern 
valve used in intermediate-frequenoy amplifiers can be compensated 
most satisfactorily by inserting a email resist...neo in series with the 
cathode; the value for any particular circumstances being found most 
easily by experiment, since the same value will not necessarily restrict 
the changes in input resistance and capacitance to the seine extent. 
Unfortunately the effective slope will be reduced by 25-30 per cent, but 
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the stability of the amplifier—as a whole—is usually improved, the 
effects of valve changing lessened and the nominal value of input 
impedance improved. 

It is general practice not to control the last valve in the amplifier, as 
the input level is sufficiently high to demand the full grid-base being 
maintained at all times. The typical, high-slope pentode is not over-
suited to operation near out-off, and if variable-mu valves of com-
parable performance were available they would almost certainly be used. 
The maximum range to be expected with a short grid-base valve is not 
more than 30 db. It therefore becomes difficult to apply an A.G.C. 
circuit to, for instance, the amplifier of Fig. 22. In a case of this type 
the sensitivity control applied to the radio-frequency stage must be 
carefully set to avoid risk of overunning the intermediate-frequency 
control range. 

Sound Take-off and Traps 
Although at one time it was general practice to amplify both vision 

and sound signals in the first, and perhaps second, vision intermediate-
frequency amplifier stages, it has been found that this arrangement 
does not favour producing the optimum response curve. This is because 
to obtain the best results at the sound frequency, the necessary sound 
rejeotion had to be produced in one or two stages. In the best of 
modern practice, the mixer is followed by a fairly complicated filter 
which provides a fairly high degree of rejection and a sound take-off 
point with the highest possible sound level, relative to vision. This 
has the advantage of reducing the sound signal in subsequent vision 
circuits to an extent where cross-modulation is most unlikely to occur 
even under the most unfavourable circumstances. 
Most trap circuits giving high sound rejection are found to be tuned 

slightly away from the sound-carrier frequency, due to the combination 
resonance with the signal circuit. If the grid of the first sound inter-
mediate-frequency stage is connected to the first sound trap, then the 
response curve of the sound amplifier will be slightly asymmetric, due 
to the off-tune, trap resonance. In many cases this is permissible, 
although the degree of asymmetry should not be too pronounced. If a 
first sound-tuned circuit is coupled .to a vision circuit or trap, the 
coupling must be adjusted so that the sound circuit does not prejudice 
the degree of rejection. As a result, the coupling is usually so light that 
no more signal can be obtained than with the previous method. 

In recent designs, use is often made of a " bridged-T " filter which 
is resonate at the sound I.F. and which produces a high degree of 
rejection by reducing the coupling between an anode circuit and the 
grid of the succeeding stage. lnterstage coupling of this typo provides 
a rounded top curve, useful for reducing rings und overshoots which 
may arise with flat-topped curves. 

THE SOUND CHANNEL 
The gain to be supplied by the sound intermediate-frequency amplifier 

depends, of course, upon the signal level at the take-off point and the 
detector level required. This is often a little higher than in the vision 
channel, and with a probable 3-6 db loss due to the take-off, the sound 
gain (assuming no common stages) must be at least 6 db higher than the 
vision channel. Further, the possible discrepancies in some locations 

BB 
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between received carrier strengths makes it desirable to provide more 
gain in ono channel than the other, so that with a suitable control 
circuit the receiver can accommodate more easily a relative variation et 
± 6-10 db. When the optimum gain has been achieved with the vision 
channel it is found that extending the sound sensitivity by a further 6 db 
is a considerable asset in frime areas. 
The band-width of the sound channel must be sufficient to allow a 

small amount of oscillator drift (say, ± 50 ko/s), since this problem 
cannot otherwise be overcome. Selectivity—in the general sense of 
radio practice—is not required, since the number of interfering signals 
in the vicinity are relatively few and are separated by at least 1.5 Mc /s. 
An increase of band-width beyond 50 kc/s is certainly possible, and has 
been found very desirab1e from the following points of view: 

(a) oscillator drift can be ignored if kept within the above limits; 
(b) the wider the sound channel, the better the response to 

transient interference, and thus better limiting is possible;. 
(c) tuning is far less critical, and the oscillator may be adjusted 

to favour the picture reproduction. 

In the discussion a the vision channel, it was shown that four valves 
having* G.B. factor of 54, including stray capacitances, could produce 
a gain of 10,500 with a 3.0-Mo /a band-width. If each sound stage were 
to have a band-width of about 0.5 Me/s, then the stage gain would be 100, 
and it appears at first glance that the sound channel need only consist of 
two or three stages: In practice, television high-slope pentodes possess 
sufficient anode-grid capacitance to cause instability if such a stage gain 
were attempted at the higher intermediate frequencies. It is common 
therefore to find the sam. -imber of valves in the sound and vision 
channels, and the band-s ith may often be greater than 500 ko is, 
even after allowing for the shrinkage due to circuits in cascade. An 
overall gain figure as high as 10,000 is seldom found, since the tuner gain 
is usually higher than would be indicated by this figure. 

Coupling Circuits 
The coupling networks in the sound channel need be only of the 

simplest type, and the bifilar coil system, already mentioned, is often 
used. This design has the advantage of making it possible to maintain 
a low impedance in the grid and anode circuits. Choke and capacitor 
coupling are a little more expensive, while with resistance-capacitance 
coupling to the tuned circuit, the resistor should never be placed in the 
grid return. Even quite small time-constants will cause blocking in 
the presence of impulsive interference, and this will sharply reduce the 
effectiveness of any type of interference suppressor. 

Sound A.G.C. 
• The standard method of automatic gain control found in radio 

receivers is now almost universally found in television sound channels, 
although delay circuits are occasionally dispensed with. As will be 
shown in the discussion on detectors, the value of the load is kept very 
small, and with it the impedance of the A.G.C. line. This is primarily to 
overcome blocking due to interference. 
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Audio Output 
Although no special precautions need be taken with the audio stage 

of a television receiver, it is worth noting that the transmitter is modu-
lated by audio frequencies higher than 10 kc/s, so that substantially 
better quality than is customary with medium-wave radio reception is 
possible. Owing to the severe economic limitations imposed upon the 
more popular television receiver designs, it is true to say that this 
advantage is seldom, if ever, realized. 

Large output powers are not generally equired, so that good use can 
be made of negative feedback to produce a satisfactory response. In 
this connection many sound-interference suppressors are preferably 
divorced from the feedback loop if satisfactory operation :s to be 
achieved without considerable complication. 

DETECTION 

The diode detector has been almost universally used in radio receivers 
for some considerable time and—except for a few early designs—the 
diode is used in both vision and sound channels in television receivers. 
Miring the last few years the germanium diode has become very 
popular, this being mainly due to the fact that it requires no heater 
supply, is small and convenient to use, and has lower self-capacitances. 
On the other hand, it has a permanent " back-resistance ", and thereby 
is entirely ruled out in certain special applications. For the general-
purpose detector in a television receiver, it has been found necessary to 
specify carefully the type of crystal in terms of detection efficiency in 
order to achieve results comparable in consistency to those of the 
standard valve diode. 

The Video Detector 
In the vision channel it is important to maintain reasonable efficiency 

in order that the last valve in the .., termediate-fre iuency amplifier shall 
not be required to provide too much output and that a large amount of 
gain is not lost. Because of the particular circuit difficulties, efficiencies 
of the order of 50-60 per cent are considered satisfactory. It is also 
important to privent the loss of the higher modulating frequencies in 
any inte-mediate-frequency filter following the detector, and to keep the 
tuning and response of the last intermediate-frequency circuit free from 
any ,rariation due to the detector. 

Fig. q4 (a) and Fig. 24 (b) show two typical video detector circuits 
valve diodes could, of course, be used instead of crystal diodes if desired. 
While there are many possible connections (for example, the earth point 
may be moved round, or either positive or negative output may be. 
required), the shunt circuit is seldom used and Fig. 24 (a) is the more 
common. It will be seen that the filter for attenuating the intermediate 
frequency has been terminated in the load resistance. This is in series 
with a peaking coil which improves the vine° response. The filter 
frequently has two sections, if necessary, because the initial capacitor 
in series with the tuned circuit and the crystal diode cannot—in the 
interest of good video response—be made large even compared to 
the capacitance of the diode. 
The small value of this capacitance is one of the primary, reasons for 

low efficiency: another is the internal resistance of the diode itself. 
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FIG. 24.—TYPICAL VIDEO DETECTOR CIRCUITS. 

Values of load resistor above about 5,000 ohms are not practicable for 
video detection, so that thermionic and germanium diodes are specially 
made with forward resistances between 100 and 300 ohms. Such a 
germanium diode suffers from a very low back resistance, but this dis-
advantage is offset by the low self-capacitance. The damping of the 
tuned circuit is dependent upon the diode load and the efficiency. It 
can be expressed: 

RI 
Rd = -Ft; 

where R1 is the load resistance and n the efficiency. 
This impedance damps the tuned circuit between the valve and the 

detector; and since it is usually too low for the requirements of the 
amplifier, the detector has to be coupled to a tap on the coil. The ratio 
obtainable by this means, without loss of an objectionable nature, is 
seldom greater than 2: 1. The alternative, if a greater ratio is required, 
is to add capacitance. The germanium diode tends to exhibit a slight 
capacitance variation with different input levels; the transformation, 
together with any additional capacitance, prevents any effect upon the 
circuit tuning. 
The germanium diode has a more linear voltage—current characteristic 

at low levels than the thermionic diode. This is a considerable ad-
vantage, since non-linearity affects the rectification efficiency and alters 
the value of Rd. When using a thermionics diode it is often considered 
advisable to add a fixed damping resistance so that the circuit response 
does not depend solely upon the diode. 
The detector can, of course, be coupled to the last intermediate. 

frequency stage by means of a band-pass filter. The damping may be 
such that it is difficult to design a suitable filter, although in practice 
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many receivers have used such a circuit. In one receiver where the 
detector (a germanium diode) was fed from a quadruple-tuned filter, it 
was found that the crystal characteristics were too variable for the 
response curve to be relied upon without very carefully checking the 
crystals in advance. 
Apart from susceptibility to damage by overheating (particularly 

when soldering) and from the passage of high currents, the germanium 
diode has proved to be very satisfactory and has, apparently, a very long 
life. 

The Sound Detector 

In television practice the problems associated with the sound detector 
are very similar to those encountered jn the vision detector. In order 
to preserve reasonable band-width—só that undue lengthening of inter-
ference pulses will not occur—the load resistance is proportioned accord-
ingly; values between 10,000 and 20,000 ohms are common. To re-
strict the radiation of the intermediate frequency from the output, a filter 
of the type used with the vision detector (but without the peaking coil) 
is customary. The severe problems of self-capacitance, diode internal 
resistance and linearity of characteristic are less troublesome, since the 
dettotem enciency is higher. A " general-purpose " version of the 
genpsnium diode can therefore be used, while a thermionic diode of 
the low-impedance type is also very satisfactory. . 

In order to achieve the maximum gain from the last sound inter-
mediate-frequency stage, the detector may be tapped down the inter-
mediate-frequency coil. Again, it has been found that ratios greater 
than 2: 1 or 3 : 1 can load to loss of efficiency, especially when a bifilar-
wound t ransformer is used. 

RADIO-FREQUENCY AND INTERMEDIATE-FREQUENCY 
MEASUREMENTS 

While the subject of measurement is discussed at considerable length 
in many books dealing with electronics, less attention has been given to 
describing some of the methods used for receiver testing. Television-
receiver design and manufacture is now at such an advanced state that 
if all forms of production testing were included a work of great length 
could be written. This,section will, therefore, deal with certain aspects 
only as they affect the design engineer. 

Alignment 

Sioural. GENERATOR METHOD. The correct alignment of narrow- and 
wide-band amplifiers can well be one of the most important factors in 
the design, production and maintenance of television recéivers. The 
time-honoured method involves the use of an output meter and a signal 
generator possessing accurate frequency calibration, low-leakage and a 
suitable attenuator. With a single-peaked amplifier (e.g., the sound 
channel) the generator is set to the centre frequency, and all the circuits 
are tuned for maximum output. The attenuator is adjusted as 
necessary; and on completion of the adjustments the readings of 
attenuation and output provide a measure of the sensitivity of the 
amplifier. 
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The wide-band amplifier is rather more complicated; in the stagger. 
tuned type, for example, there may be a separate frequency for each 
circuit. If these frequencies are known, then each circuit may be dealt 
with in turn. For experimental alignment, it is customary to connect 
the generator to the grid of each stage in turn, working backwards from 
the output stage. It is then possible to gain some idea as to whether or 
not feedback is present; this is because the tuning is likely to be altered 
as a result of feedback. When connected to the input, the generator 
may be adjusted to various frequencies within and without the pass-
'uand and a response curve plotted. This is usually in the form of the 
input signal required to produce a certain output figure. 

In production and maintenance the generator may usually be con-
nected to the input of the amplifier throughout. :The alternative to a 
signal generator is a unit containing oscillators operating at the required 
frequencies and producing equal output levels. They are then switched 
into circuit in the order required. 
Taz SWEEP GENERATOR. The wide-band amplifier with band-pass 

filters may be more difficult to adjust with the means described above, 
and a type of signal generator sometimes known as the " wobbulator " is 
found to be a great advantage. In this instrument the frequency of the 
oscillator is continually swept through the pisasband in a aavrtooth or 
sinusoidal manner with respect to time. By connecting a synchronized 
oscilloscope to the amplifier output it is possible to show the exact shape 
of the response curve (to a linear and not to a logarithmic scale), and 
the result of every adjustment is clearly seen. In order to have some 
idea of the exact frequency at one point on the curve, a marker " pip " 
is necessary. Some commercially built sweep generators incorporate 
this facility, but if not, the simplest method is to loosely couple a signal 
generator to the sweep-generator output. A beat then occurs when the 
swept frequency coincides with the fixed frequency, and this can be seen 
as a small " blip " on the oscilloscope trace. Reducing the band-width 
of the oscilloscope amplifier to about 20-20 koist will make the marker 
beat occupy a smaller portion of the trace, and thereby allow greater 
accuracy. In production set-ups the marker is often supplied from a 

crystal oscillator. 
The sweep generator displays the conditions in the amplifier so clearly 

that almost any investigation is greatly facilitated. The method is 
also applicable to video amplifiers, providing the generator is capable of 

covering the range. 

Noise Measurements 
Absolute noise measurements are best made with the aid of a proper 

noise diode, with the appropriate supplies conneoted to the input of the 
amplifier. This process is liable to be difficult or rather tedious when 
only comparative results are needed, and a signal generator capable of 
being 100 per cent modulated by a square wave will provide the 
necessary information. An oscilloscope, having a known band-width, 
is connected to the detector output, and the signal generator—set to 
the carrier frequency—is adjusted so that the square wave seen on the 
oscilloscope appears as in Fig. 25. The negative-going peaks of roide 
on the top of the square wave must just lie on the same level the 
positive peaks from the base-line. The setting of the signal-generator 
attenuator is then taken. This test can be carried out rapidly, and 
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SIGNAL AMPLITUDE 

25.—SQUARE-WAVE ADJUSTMENT FOR NOISE MEASUREMENTS. 

will be reasonably accurate provided that the characteristics of the 
signal generators and oscillators used ( if more than one) are known. 

Oscillator Drift Measurement 

Since it is desirable to prevent the local oscillator drifting by more 
than about ± 50 kc/s in 200 Mo/s, care must be taken in choosing the 
method of measurement. Essentially a stable frequency is required for 
comparison with the oscillator; if an accurate crystal-controlled source 
is not available, it is perhaps wise to tune to a station and measure the 
drift of the sound intermediate frequency with a good heterodyne 
wavemeter. All the measuring equipment should be allowed to warm 
up for an hour or more before the test is commenced. 
When examining the effect of various components in the oscillator 

circuit it is a good plan to mount the oscillator m a well-lagged oven and 
to stabiliz. the temperature over a long period. The temperature can 
then be altered by any given amount and the resulting drift measured. 

VIDEO AMPLIFICATION 

In certain pre-war receiver designs the cathode-ray-tube modulation 
potential was obtained directly from the detector. This was largely 
made possible by the fact that some of the, picture tubes then made 
could be fully modulated by a signal of about 15 volts peak-to-peak. 
Since then the trends in cathode-ray-tube design have called for higher 
voltage levels, and even a detector of the anode-bend type would be 
difficult to design to give with any factor of safety an output of 50 volts 
peak-to-peak. It has therefore become customary to interpose a video 
amplifier having one or two stages between the cathode-ray tube and 
detector. 

Design Considerations 

In the case of the single-stage amplifier, the gain and band-width 
depend upon the " gain-band-width " (G.B.) factor as mentioned in the 
section on intermediate-frequency amplifiers. Without compensation, 
the gain will fall by 3 db when the reactive part of the load becomes equal 
to the resistive part. Unfortunately the stray capacitances encountered 
(due to the fact that it is seldom possible to mount the amplifier (dose to 
the base of the cathode-ray-tube) are often several times the value of the 
valve-output capacitance, and a gain of more than 5-8 times is difficult 
to obtain with normal intermediate-frequency-type pentode valves. 
With the British system, the band-width over which there should be 

negligible loss of gain is 3-0 lefc/s, and with an assumed total capacitance 
of 20 pF the load resistance for a 3-db loss at the highest frequency will 
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28.—VIDEO AMPLIFIER CIRCUITS. 

be about 2,700 ohms. For an output of 50 volts peak-to-peak nearly 
20 mA peak-to-peak would have to be provided by the valve; this is 
impracticable with an ordinary intermediate-frequency pentode without 
using the extreme width of the grid base and accepting the ensuing 
non-linearity. This difficulty can be overcome by inserting resistance 
in the cathode lead. The resulting degeneration, while lowering the 
gain, linearizes the valvé characteristic; ând shunting the resistance 
with capacitance affords a rising gain characteristic. Beyond the point 
where Rk = licOCk it becomes difficult to compensate for the time. 
constant in the anode circuit without inductance. By these means, 
and with inductive compensation in the anode circuit, it becomes 
possible to raise the anode load to a value perhaps twice that mentioned 
above: the swing required is then well within the capabilities of the 
valve. 
The typical circuit will appear as in Fig. 26 (a) or (b). Best results 

are obtained with the value of R5 approximately equal to two or three 
times 1 /g„, and the anode compensation of Fig. 26 (b). With a typical 
pentode. having g,„ equal to 7.0 mA/volt, with an anode load of about 
4.7 (about the maximum workable value) and a cathode resistor of 
330 ohms, the gain would be of the order of 10: 1. 
In practice, the stray capacitance into which the video amplifier has 

to work may well be somewhat variable, and to allow an adequate 
safety factor the band-width of the amplifier may have to be increased. 
Further, if the capacitance is variable, accurate compensation will not 
be possible. In a two-stage amplifier the second stage need not con-
tribute to the gain at all (e.g., a cathode follower), but it will have served 
its purpose if the majority of the stray capacitance can be isolated from 
the i..iode load and compensation network. The use of a cathode 
follower places such a small capacitance load on the amplifier that the 
resistance can be increased to 10-15,000 ohms, and gains of 25 can be 
reached. This arrangement makes it possible to correct for the vestigial-
sideband characteristic in the video amplifier. Fig. 27 illustrates a 
circuit together with the frequency response obtained. 

If the second valve in a two-stage circuit is made an amplifier, then 
negative feedback may be incorporated; this again provides freedom 
from the effects of possible variations in the stray capacitances. It has 
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the disadvantage that it is no longer easy to D.C. couple the stages, and 
the D.C. component will have to be reinserted later, or left out alto-
gether. This point will be discussed below under " D.C. Component ". 

The D.C. Component 

The vision carrier is D.C. modulated, i.e., in the British system, the 
strength at any instant is proportional to the brightness of the trans-
mitted image except during the periods reserved for synchronizing 
information. During the horizontal synchronizing pulse the carrier is 
zero, and following this at 30 per cent of its " peak white value" for a 
brief period known as the " back porch ". This level corresponds to 
black, and is kept as stable as possible at the transmitter. In the 
receiver it is important, if the picture is to be a faithful reproduction, 
to keep the black level at a potential corresponding to the cathode-ray-
tube beam cut-off whatever the signal , amplitude. In practice, the 
signal amplitude is set and kept constant by the gain-control circuit, 
while the black level is adjusted by variation of the cathode-ray-tube 
bias. Between the detector, which provides an output voltage depend-
ing directly upon the carrier strength, no coupling capacitors are used, 
or the waveform would establish itself at its mean level. This would 
cause the bright and dark scenes to appear at a constant brightness 
but with varying modulation. The black level can be reinserted follow-
ing an A.C.-connected amplifier by means of a " D.C. restorer" or a 
" clamp circuit ". The D.C. restorer tends to be unsatisfactory when 
large and rapid changes occur in the picture content; this is due to 
the fact that the tizne constant of the coupling circuit must be long 
oompared with the lowest frequency components transferred. The 
clamp arrangement can be ideal, and is used extensively in transmission 
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equipment, but is very costly for receiver applications; also, it has a 
tendency towards unsatisfactory operation in the presence of impulsive 
interference. The D.C. connected amplifier has therefore become the 
most popular design in this country. 

Reference to Fig. 27 will, however, show that the coupling circuit 
between the cathode-ray tube and the cathode follower will involve a 
loss of the D.C. component. This is very common, an approximate 
D.C. loss of 30 per cent being used. This is incorporated for the pur-
pose of overcoming certain problems encountered when the full D.C. is 
applied to the picture tube. In the first place the regulation of the high-
voltage power supply used in the typical receiver is seldom better than 
10 per cent, and the rapid change from an almost black picture to an 
alftiost white picture will produce objectionable effects such as changing 
picture size, flutter, etc. Without vision automatic gain control the 
changes in signal strength in the fringe area also cause trouble if the full 
D.C. component is used, since the brightness control will have to be 
readjusted continually. For these, and other reasons, it has been found 
best to apply between 50 and 75 per cent D.C. 

SYNCHRONIZING CIRCUITS 

The synchronizing circuit of a receiver has several functions to per-
form. First the synchronizing pulses must be separated from the com-
posite waveform, and the vertical pulses separated from the horizontal 
pulses. The time-bases then have to be locked to the synchronizing 
information so that the retrace occurs immediately following the 
commencement of the appropriate pulse. This latter function can be 
fulfilled by triggering—here the actual pulse is coupled to the time-base 
arid initiates the flyback —or as in the various flywheel sychronizing 
systems in which the speed or phase of the time-base is compared with the 
synchronizing pulses in a discriminator, and a control signal developed 
which corrects the speed when necessary. 

The Synchronizing Separator 
Removing the synchronizing pulses from the composite waveform is a 

matter of amplitude discrimination with reference to the base-line, and is 
simply accomplished by the circuit of Fig. 28. The video waveform is 
fed to the grid of a valve (preferably a pentode) by means of a coupling 
capacitor and a grid-leak which is returned to cathode. The waveform 
must be in the direction shown in the diagram in order that the tips of 
the synchronizing pulses cause grid current to flow; the signal is thus 
restored to the cathode potential. By restricting the screen voltage, th' 
grid-base of the valve can be shortened so that only the synchronizing 
pulses lie above cut-off and cause plate current to flow. The output 
obtainable then depends upon : (I) the screen voltage ( which is fixed 
according to the required grid base; (2) the anode load; and ( 3) the 
anode supply voltage should this be comparable to the knee voltage of 
the valve. 
The anode load of a synchronizing separator must be chosen with 

some reference to band; und for the rise time of the horizontal 
pulses to be reasonable, a value higher than 10,000 ohms is unsatis-
factory. The anode voltage may, with advantage, b hosen so that 
the knee of the anode voltitge,-curreatt cliaracterist— is reached at 
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FIG. 28.—SYNCHRONIZING SEPARA,GR. 

the pulse tips : this is indicated in Fig. 28 by the dotted line. This 
causes any noise which may be present to be limited and, to a certain 
extent, removes any imperfections due to poor restoration. With the 
type of valve used in the intermediate-frequency amplifier, good separa-
tion may be achieved down to a video level of 20 volts peak-to-peak, 
provided an output of 40-50 volts across 10 MI is satisfactory. Two-
valve synchronizing separators aro occasionally used when the condi-
tions are more stringent. As their design depends to a large degree 
upon the particular conditions invol•.ed, generalization is impracticable. 

Field Synchronizing Pulse Separation 

In a receiver operating on an interlaced vertical scanning system it is 
very important to separate the vertical (field) synchronizing pulses 
entirely from the horizontal (line) pulses so that tho vertical time-base 
synchronizes correctly at the half-line point every alternate retrace. 

Separation of the vertical pulses can be effected with a resistance-
capacitance integrator as shown in Fig. 29. The complete synchroniz-
ing waveform is fed to the input " A " of the integration circuit. The 
charge due to the horizontal pulses at the output " B " is small, and 
leaks away entirely by the time the next pulse arrives. During the 
vertical pulse period, however, the charge time is long compared to the 
discharge time, and the voltage rises steadily with each pulse until the 
horizontal pulses occur again, when, after a few line periods, it falls to 
the mean level. Unfortunately there is a difference between alternate 
-fields, since one vertical pulse arrives at the end of a line, and the next 
at the centre of a line. The capacitor will not be completely discharged 
at the centre of the line so that in every alternate field the integrated 
vertical pulse will be larger by this amount. The effect is to cause fella( 
. initiation of the retrace, and perfect interlace is not achieved. In the 
American and C.C.I.R. television systems the vertical pulses are 
preceded and followed by a series of " equalizing " pulses of short 
duration and at half-line intervals. These pulses allow the same charge 
to be reached at the commencement of each vertical period, and the 
interlace is not disturbed. 

In order to overcome the lack of" equalizing " pulses in the British 
system, a non-linear integrator has been used, the basic circuit of which 
is shown in Fig. 30. From the anode of the synchronizing separator a 
resistance-capacitance integrator is connected to ground via a diode or 
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Fia. 29.—RESISTANCE-CAPACITANCE INTEGRAtOR. 

semi-conductor. In the absence of signal a small steady current flows 
through the diode and the resistance to ground, and due to the low 
impedance of the diode most of the anode-ground potential appears 
across the resistance and capacitor. When the signal is applied, the 
diode tends to cut off during the short horizontal pulses, and the voltage 
across the time-constant falls slowly; only to be quickly restored to the 
original value when the pulse terminates, and the diode becomes con-
ducting again. During the vertical pulse period, the diode is eut off 
for the majority of the time, and the waveform appears across RC. 
The virtue of the circuit is that the charge is quickly restored after the 
horizontal pulses, and that the shape and amplitude of the alternate 
vertical pulse trains appearing at the output can be identical. To 
remove the residual horizontal information, this Circuit is usually 
followed by a clipper, and by a slight amount of additional integration. 

^ 
A 

L._ 

FIG. 30.—NON•LINEAR INTEGRATOR. 
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FIG. 31.—EFFECT OF DIFFERENTIATION. 

The vertical pulses can also be separated by differentiation. ln 
Fig. 31 the effect of a differentiating circuit, of suitable time-constant is 
seen : the raised portion of the waveform would, of course, have to be 
removed with the aid of a clipper. Provided that clipping is performed 
properly, poor interlace is not likely to occur; this is because the retrace 
is initiated by the sharp edge of the first pulse. 

Triggered Synchronizing of the Time-bases 

Sorne points in connection with the coupling of the synchronizing 
circujts to the time-base oscillators are worth noting. First there must 
not be appreciable coupling between the oscillators. Fig. 32 shows one 
form of the circuits already discussed where the oscillators are con• 

HOP IZONTAL 
OSCILLATOR 

—VERTICAL SYNCH. 

VERTICAL 
OSCILLATOR 

FIG. 32.—Altic‘NGE3IENT OF CIRCUITS FOR TRIGGERED SYNCHRONIZATION. 
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FIG. 33.—TY-rICAL AUTOMATIC PRASE-CONTROL . DISCRIMINATION CIRCUIT. 

nected via the capacitors Cl and C2. Cl is usually chosen so that a 
tendency toward differentiation occurs, and the leading edge of the 
horizontal synchronizing pule, is accentuated. Sometimes a resistance 
is placed in series and/or the anode kind is tapped so that the oscillator 
voltage is restricted as far as possible from entering the vertical- syn-
chronizing circuit. If the pulse generated by the vertical oscillator 
interferes with the horizontal oscillator, the latter may synchronize in an 
unstable manner during the vertical retrace period and will also—and 
this is objectionable—take some time to re-establish its proper timing. 
In _ this respect the, two diodes in the vertical synchronizing circuit 
shown aie most helpful, and the impedance of the potentiometer net-
work associated with the clipper should preferably be as low as possible. 
Where multi-vibrators are used instead of blocking oscillators, the 
cathode-coupled circuit has the advantage of allowing synchronization 
to occur without feedback from the oscillator appearing in the syn-
chronizing circuits. 

" Flywheel " Synchronization . 
As already mentioned, the basis of flywheel synchronization is an 

oscillator whose frequenoy or phase is compared with the synchronizing 
pulse waveform in some form of discriminator which produces a control 
potential to correct any error that may exist. Many practical circuits 
have been developed, the majority of which are most correctly described 
" Automatic Phase Control Circuits ". The design of these circuits 
can be very complicated, and in order to avoid devoting an undue 
amount of space to this subject two commonly-used circuits will be 
described briefly. 
The first circuit, shown in Fig. 33, demands an input of positive-going 

synchronizing pulses to enable the control to be applied to the first grid 
of a cathode-coupled multi-vibrator; in this ease the speed will be 
increased by a negative change in the bias. The synchronizing wave-
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form is first differentiated, the time-constant, C being chosen so 
that the nearest approximation to the ideal waveform shown is achieved. 
If the polarity of the input is negative, a differentiating transformer 
can be used and a change of polarity achieved at the same time, but the 
ideal waveform will be more difficult to obtain in this way. 
The time-base is required to provide an output to the discriminator of 

short pulses of positive and negative polarity, having approximately 
equal amplitude. This is a simple matter with a transformer-coupled, 
magnetic-scanning system, since such pulses are produced during the 
flyback period. To obtain pulses in balance, a special winding may be 
added to the transformer or a small balancing transformer connected to 
one of the normal transformer taps. 
The positive " gating " pulses applied to the anode of Dl and the 

negative pulses applied to the cathode of D2 cause both diodes to con-
duct heavily until a charge nearly equal to the pulse amplitudes is built 
up across the coupling capacitors, whereupon the diodes will be entirely 
out off except at the tips of the pulses. The current due to the con-
duction flows through the coupling resistors, with the result that if the 
resistor values, capacitor values and the pulse amplitudes are all 
balanced, the potential existing at the input at the instant of conduction 
will appear at the junction of the resistors. If it is now assumed that 
the conduction, due to the peaks of the gating pulses, occurs at the exact 
time denoted by the dotted lines through the centre of the differentiated 
synchronizing pulse in the case of the ideal waveform, then the potential 
at the junction of the two coupling resistors will coincide with the mean 
potential of the input waveform. If, however, the gating pulses arrive 
a little early, they will coincide with a section of the input waveform 
more positive than the mean level, and the output potential fed to the 
oscillator will be positive; causing the speed to fall and the gating 
pulses once more to coincide with the centre of the input pulse-tram. 

Since the information from the discriminator comes only in very short 
bursts, the output of the discriminator is integrated by the time constant 
R2--C2, the value chosen being usually equivalent to several lines. 
During the vertical synchronizing pulse interval, the timing of the 
differentiated synchronizing pulses and the gating pulses cannot 
coincide and, though the gate pulses appear at a time when the input is 
roughly at mean potential, there is usually some disturbance of the 
horizontal oscillator timing. After this disturbance the phase correc-
tion effected by the control voltage may need to be considerable; and 
a state known as " hunting " may occur in which the timing varies about 
the correct position in an oscillatory manner and may never reach the 
desired state. For this reason the damping circuit consisting of a 
critical time-constant R3-C3 is connected in parallel with C2. 
The main advantage of the èircuit described above is that, providing 

the gate pulses are larger in amplitude than the input waveform b the 
discriminator does not operate in any way between successive syn-
chronizing pulses. Thus the effect of impulsive interference is extremely 
small. In practice, the advantage over triggered synchronizing is 
considerable. 
The second circuit, Fig. 34, operates in a similar way except for the 

fact that the gating is effected by the synchronizing pulses fed from the 
phase-splitter VI, and the reference waveform is provided by the time-
base, in the form of a sawtooth waveform. The method of operation is 
the same as in Fig. 33. The potential existing at the junction of the 
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34—AN ALTERNATIVE ALTERNATIVE CIRCUIT FOR AUTOMATIC PRASE CONTROL. 

diodes—a small part of the short flank of the sawtooth—is seen at the 
junction of the coupling resistors due to the current drawn by the 
diodes. In this circuit, however, any interference pulse coming from 
the synchronizing separator, if comparable in amplitude to the syn-
chronizing pulses, will cause the diodes to conduct, and a false signal 
will be applied to the oscillator. In this arrangement an alternative 
circuit is shown for the smoothing of the control voltage; and this 
performs the same function as R2—C2, R3—C3 in Fig. 33. 
With such a control system, if the best immunity is to be obtained 

from impulsive interference, it is desirable to use an oscillator of the 
" flywheel " type, i.e., one which tends to run at the right speed in the 
temporary absence of control. Oscillators are dealt with in detail later, 
but one particular point should be mentioned here. If the speed of the 
oscillator is made to depart from the correct value (for instance, by 
operating the speed control), the control circuit will correct for the mal-
adjustment until the limit of its capabilities are reached. When the 
oscillator is manually returned to the original speed—assuming that the 
synchronization finally failed—it will be found that the control circuit 
does not cause the oscillator to lock until very near the correct frequency. 
The difference between the correct frequency and that at which the 
oscillator can be locked is known as the " pull-in " range, and is deter-
mined by: ( 1) the frequency control voltage characteristic of the 
oscillator; (2) the signal amplitudes in the discriminator; (3) the smooth-
ing-time constant; and (4) the flywheel characteristics of the oscillator. 
The narrower the " pull-in " range, the greater the freedom from inter-
ference, but, on the other hand, the circuit will be more liable to lose 
synchronism due to a slight alteration in the horizontal synchronizing 
frequency at tho transmitter, or to drift and the like, in the receiver. 
In the U.S.A. values of 100-200 cis have been widely used, but in this 
country a number of manufacturers have considered 800 cis suitable. 
This is due to the fact that the mains frequency is subject to alteration. 
and this, in turn, alters the synchronizing pulses at the transmitter. 
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The two circuits so far mentioned are unsuitable for controlling a 
line oscillator of the eathode-coupled multi-vibrator type. Where the 
line generator is a blocking oscillator, however, the control voltage is 
applied via a reactance valve. A typical circuit is shown in Fig. 35, 
the control voltage being derived from a discriminator circuit as shown 
in Fig. 33. 
A system using a different type of discriminator is shown in Fig. 36, 

and has also been used in a number of models. In this, a pentode, V2, 
acts as coincidence detector. VI is biased so as to pass on, amplified, 
only the negative portions of the differentiated synchronizing pulses. 
These are applied to the screen grid of V2, a series of pulses correspond-
ing to the line flyback period being fed to the control grid. The mean 
anode current of V2 varies with the phase difference between these two 
sets of pulses, a control voltage being developed at the anode to control 
an oscillator, V3 and V4, of the cathode-coupled multi-vibrator variety. 
The cycle of operation of this system is: 

(1) line-oscillator frequency falls; 
(2) line-scanning time increases; 
(3) line-flyback pulse is delayed; 
(4) degree of coincidence betiveen flyback pulse and synchronizing 

detector is reduced; 
(5) anode current of coincidence detector falls; 
(6) anode voltage of coincidence detect c - ses, H.T 

35.—REACTANCE VALVE 
(V1) CONTROLLING A BLOCK-

ING OSCILLATOR (V2). 

Fla. 36 (below).—USE OF A 
COINCIDENCE DETECTOR. 

(Mullard Ltd.) 
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(7) line-scanning time falls; 
(8) line-oscillator frequency rises. 

For an initial rise in line-oscillator frequency, the converse of thé above 
stages occurs. 
A simpler form of flywheel synchronization that has recently be-

come popular is shown in Fig. 37. This circuit is generally designed 
aroupd a single double-triode valve such as the ECC82 or 12AU7. 
Vlb forms a saw-tooth generator, the frequency being roughly de-
termined by LI-L2. The winding L3, contained in the same special 
can, which in appearance resembles an I.F. transformer, is resonated 
by the 0.015-eF condenser to the line frequency and is excited into 
sinusoidal operation by mutual inductive coupling, and this helps .to 
stabilize the oscillator frequency. The sine wave is superimposed on 
the normal wave-form at the grid of the oscillator, and the resulting 
wave is applied to the grid of VIA, which forms a control or " com-
parator " valve. This control valve is biased so that only the tips of the 
sinusoidal peaks are conducted. Simultaneously, to the cathode of this 
valve are applied the line-synchronizing pulses, of negative polerity. 
The composite pulse, consisting of the peaks of the sinusoidal line-
frequency element and the amplified line-synchronizing pulses, appears 
in the cathode circuit-. The duration of the composite pulse, and hence 
the average current passing, depends ulion the phase relationship of the 
two waveforms, and by integrating the current pulses a potential is 
built up across the 0-0l_,LF condenser proportional to the duration of the 
pulses—a longer pulse being passed by VIA when the time-base • 
generator is running slow compared with the incoming synchronizing 
pulses, and vice versa. This potential is then used to control the speed 
of VIB by varying its bias. The 100k, 0-01-µF and 4.7k, 0- 5-SF com-
ponents form an anti-hunting" network by providing a long time-
constant in the cathode of VIA. A moderate change of oscillator 
frequency can also be effected by shifting the cut -off point of VIA by 
altering its anode voltage, ançl this fact is made use of to provide a line 
hold control. 
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FIG. 37.—USE OP A TRIODE COMPARATOR VALVE (" SYNCHROGOIDE " ). 
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TIME-BASE OSCILLATORS 

The Blocking Oscillator 

The basic circuit of a blocking oscillator is shown in Fig. 38 (a). 
In this version a triode is used, anode and grid being tightly coupled 
together with -an iron-cored transformer. The grid return is taken to 
earth via a variable time-constant. The circuit constants aro so chosen 
that the oscillation due to the transformer coupling is so great that the 
charge built up across the grid time-constant completely blocks the 
valve after the first half-cycle. The blocked state continues until 
the charge has leaked away sufficiently for the valve to conduct, when 
the cycle repeats. A sawtooth waveform of the type required for driving 
a scanning circuit is thus available across the resistancecapacitance 
circuit. In order to make the flyback of the sawtooth rapid, the in-
ductance and self-capacitance of the transformer are so chosen that the 
oscillation cycle is very rapid when compared with the repetition period 
of the sawtooth. This sometimes presents a problem in the horizontal 
oscillator, whero the flyback time must be faster than one-tenth of the 
trace time. 
The sawtooth waveform across the grid time-constant is not quite 

linear, but this may be corrected by returning the grid resistor to a 
course af positive potential. Unfortuoately, it is not then easy to 
alter the amplitude of the sawtooth waveform without having a con-
siderable effect upon the speed. For this reason the pentode circuit of 
Fig. 38 (b) may be used. The heavy pulses of plate current flowing 

4. 

c 

(b) 

Fia. 38 (a).—BLocxam Oactu.s. 
TOR AND ASSOCIATED WA VE 

FORMS. . 

FIG. 38 (b ).—BLOCICIN OSCILLA. 

TOR USING PENTODE VALVE. THE 
WAVEFORMS ARE SIMILAR TO 

THOSE ros (a). 
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between grid and screen when I de oscillation occurs cause the capacitor 
from anode to earth to be discharged; provided that a sawtooth 
amplit -le small compared to the available H.T. supply is required, the 
resultant waveform-is fairly linear. The amplitude may be altered with-
out altering the speed by variation of the anode resistor or capacitor. 

Synchronization of the blocking oscillator is relatively easy, and 
synchronizing pulses of suitable polarity may be injected at the grid or 
anode. The synchronizing pulse may also be injected in series with one 
of the transformer windings, or, alternatively, a special winding can be 
added to the transformer. • 
The major disadvantage of the blocking oscillator is its lack of suit-

ability for use with automatic phase-control circuits. In the first place, 
the control must be exerted via the grid resistor, through which sufficient 
grid current flows to upset either of the discriminator circuits described 
in the previous section. A cathode follower has therefore to be used or, 
if more gain is required, a D.C. amplifier. In any case the blocking 
oscillator, in simple form, will vary considerably in frequency with small 
changes in the H.T. voltage. With triggered synchronization this is a 
difficult problem, and, in the case of automatio phase control, the multi-
vibrator has been found, in this respect, vastly superior. 

The Multi-vibrator 
The cathode-coupled multi-vibrator 4 has already been mentioned in 

connection with automatic phase control, and a simplified circuit is 
given in Fig. 39. While necessitating the use of a double valve, the 
transformer of the blocking oscillator is eliminated, and the two circuits 
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are thus comparable in cost. The valve VI conducts for the majority 
of the time, and is only cut off during the retrace time. This is in-
dicated by its anode voltage waveform given in sketch A. This wave-
form is restored at the grid of V2, which acts as a discharge valve and 
produces a sawtooth waveform at its anode, across C2. 
The speed of the oscillator is controlled by the time-constant Cl—R, 

and R is usually made variable for the purpose of manual control. Care 
has also to be taken to select the circuit constants so that the right 
retrace time is obtained: The tuned circuit is adjusted to produce the 
waveform shown in sketch C. The constants of the tuned circuit have 
a considerable effect upon the " pull-in " range and, in this respect, the ' 
design must be carefully arranged to provide the desired result. It 
will be seen that the waveform across the coil is chosen so that the 
oscillator " fires" at the point of maximum .dope Detuning of the 
coil from this frequency (which is lower than the oscillator repetition 
frequency) causes thé "" range to be asymmetrical. 

Ir  the circuit shown, the charge circuit connected to the anode of V2 
has some effect upon the frequency.when the values are altered for the 
purpose of adjusting the amplitude of the output waveform. A pentode 
may therefore be used for V2 for the same reason, and in the same way, 
as in the case of the blocking oscillator. 

Vertical Deflection 
In the British system the sawtooth current waveform required in the 

deflection coils has a repetition frequency of 50 c/s. At this frequency 
the coils represent a largely resistive load, and, in the majority of 
present designs, will have a value of up to about 50 ohms. Higher 
impedances have been reached, but the diameter of the wire used 
becomes so small that such coils are not considered feasible for mass 
production. The sawtooth current-waveform is derived from an out-
put valve operating in a similar manner to an audio output stage; 
since the optimum load for such a valve will be several thousand ohms, 
a matching transformer is required. 

If a sawtooth voltage-waveform of perfect linearity is fed to the grid of 
a triode valve, or to a pentode valve.which allows sufficient current 
swing, the current waveform in a purely resistive load will not be linear; 
this is, of 'ourse, due to the curvature of the valve characteristic. In 
the case of the frame-output stage, the transformer also produces some 
distortion in the waveform owing to the saturation characteristic of the 
iron-core; however, the effect upon the sawtooth is in the opposite 
direction to that caused by the valve. Since the resultant scan must be 
linear—or at least so nearly so that the spot at any instant is within 1 or 
2 per cent of its expected position—it is not surprising that linearity is 
the major problem in designing the cirouit. 
The sensitivity of the scanning coils is, of course, of the utmost 

importance, and must be known before the design of the output stage 
can commence. At the present time saddle coils of orthodox design are 
in the majority, although another type having saddle-shape coils wound 
in an iron or ferrite yoke resembling a motor stator, and known as the 
" castellated yoke" is also very popular. The choice of the type of 
coils is very largely a personal one, and depends upon such factors as 
availability, raster shape, edge focus and sensitivity, etc. The choice of 
the exact number of turns, and hence inductance and resistance, can 
be made so as to provide the best space factor in the particular winding 
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under consideration. It should be remembered, however, that the 
higher the impedance achieved, the better, in general, will be the 
performance of the coupling transformer. Coils having an impedance 
of about 10 ohms will generally require a sawtooth current of 0.5-1.0 
ampere, peak-to-peak, to obtain full deflection; the actual figure varying 
according to the particular deflection angle, and the final anode voltage 
applied to the cathode-r*.y tube. Further information on deflection 
yokes will be found in Section 24, " Cathode-ray Tubes" 

Choice of Valve 

Both triode and pentode valves have been successfully used for 
vertical deflection, although the pentode is almoet universal in this 
country at present. In the case of the pentode it must be realized that 
the maximum voltagJ swing is fixed by the knee of the anode voltage-
anode current characteristic and the available H.T. line voltage. In 
many suitable valves the knee will prevent the anode potential falling 
below 80 volts, so that with the commonly used H.T. line of 190 volts the 
swing must not exceed 110 volts. Assuming 10-ohm coils needing 0.5 
ampere, peak-to-peak, the valve must therefore supply a peak-to-peak 
swing of 22.7 mA. The perfect transformer could thus have a ratio of 
22: 1, no resistance and a very large inductance. In point of fact this 
is, of course, not possible; furthermore, the transformer also suffers 
from core saturation. 
In practice, a cathode-ray tube with a 70° deflection angle and a final 

anode voltage of 12-14 kV has been scanned by a 3.5-watt valve with a 
peak-to-peak anode current of the above order. Using different coils— 
and, of course, a different transformer—an 8-watt audio-output valve 
can provide adequate scan for 70° and 90° tubes with final anode 
voltages of up to 17 kV. 

The Transformer 

Vv ith a very large transformer having substantial primary and 
secondary inductances and with care being taken (perhaps by adjusting 
the gap between the laminations) to prevent saturation of the core, a 
scan of suitable linearity can be obtained by causing a nearly sawtooth 
current-waveform to. flow in the primary winding. Greater efficiency 
may be achieved by using the auto-transformer connection, considerable 
space being saved with lower resistance and higher coupling. 
By relating the transformer constants to the load, the energy stored 

in the transformer inductance may be made to contribute to the deflect-
ing current following the flyback. According to the conditions chosen, 
th-) anode current-waveform will lie between the limits indicated in 
Fig. 40. The straight line represents the sawtooth current condition 
with large transformer inductances. The other chndition will provide 
the lowest possible mean current with small inductances. Between the 
two, another mode of operation is found where the peak current required 
is minimized. In eneral, a compromise mode is to be preferred. The 
circuit conditions are rather less difficult to meet, while it would be 
unwise to allow the stage, however it may operate, to produce less than 
about 20 per cent overseen at full output.5 
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FIG. 40 (right).—THREE MODES OF OPERA-
TION FOR VERTICAL SCANNING. 

FIG. 4 I (below).—SIMPLE METHOD OF 
LINEARITY CORRECTION. 

--,-- TIME 

B 

Linearity Correction 

Because of the variations whieh occur in valve characteristics, trans-
former constants and circuit parameters in general, some arrangement 
must be made for adjusting the linearity of the scan between reasonable 
limits. Fig. 41 shows perhaps the simplest possible circuit; this is 
most suitable for use with triode output valves. The input waveform 
ut the grid is made as near as possible to a perfect sawtooth. The bias 
between grid and cathode is varied in order that the part of the anode. 
current grid-voltage characteristic used may be chosen so as to counter-
act the inverse distortion due to the transformer and input waveform. 
If the reactance of the cathode decoupling capacitor, when compared to 
the resistance, is appreciable, the waveform may also be used to assist 
in the correction. 
The chief disadvantages of this system are the occasional combina-

tions of characteristics requiring such extreme adjustment of the control 
that grid current or cut-off is reached. The rapid flyback of the input 
sawtooth, followed by a very low anode current at the commencement 
of the trace, may cause the energy stored in the transformer inductance 
to produce an overshoot or ring. This is limited by the capacitor and 
resistor connected in series across the transformer primary, and these 
affect critical damping. The two resistors connected across the scanning 
coils are for the purpose of damping the circuit at the horizontal-scanning 
frequency. The vertical circuit may . otherwise be excited during the 
horizontal retrace, and a slight oscillation of the lines in the vertical 
direct ion would be visible at the left-hand side of the raster. 
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FIG. 42.—LINEARITY CORRECTION SUITABLE TOR A PENTODE VALVE. 

Fig. 42 shows a circuit most suitable for a pentode valve.: here the 
circuit constants call for a slight parabolic cor,ponent additional to the 
best sawtooth waveform which can be generated by the oscillator. The 
circuit is particularly applicable to the mode of operation represented 
by the dotted line in Fig. 40. The series-connected potentiometer is or 
the purpose of adjusting the scan amplitude; a degree of residual 
resistance is presupposed. The potentiometer and capacitor connected 
from the valve grid to earth distort the waveform, as indicated by the 
waveform sketch B. Although the controls are rather inter-dependent, 
*is circuit can provide excellent linearity, and is to be highly recom-
mended for mass-production. 
The last type of correction circuit to be described is shown in Fig. 43; 

this is a voltage feedback arrangement. The aim of the circuit is pre-
cisely that of the previous example; it has the advantage that the 
possibility of microphony is lessened. The output waveform, suitably 
distorted, is fed back to the grid circuit, where it is combined with the 
grid waveform. 

Unfortunately this type of arrangement causes loss of amplituae 
should the scanning coil resistance increase appreciably as the receiver 
attains its working temperature. This effect has been offset by various 
means, including the insertion of a temperature-sensitive resistor in the 
feedback loop. 

Horizontal Deflection-

At the horizontal-scanning frequency, the deflection coils (which will 
probably be similar or identical to those used for vertical deflection) will 
represent a predominantly inductive load. Practical values will lie 
between 10 and 40 mH. If the resistive part of the impedance 
negligible, then the voltage waveform across the coils, when a saw' ...Ala 
current is flowing, will be the differentiated current waveform z i.e., 
a constant value during the trace, and a pulse during the flyback; 
Fig.. 44 (a) waveform B. The steady voltage across the inductance 
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FIG. 43.—LINEARITY COBBEC• 
TION USING VOLTAGE FEEDBACK. 

(a) 

during the trace is given byE=--LxIIT, where/is the peak-to-peak 
current and T is the trace time. The presence of resistance causes a 
sawtooth component to be added to the voltage waveform as shown in 
Fig. 44 (a) waveform C. 

It is important to remove all resistance from the inductance during 
the flyback, and for this reason the valve to which the inductance is 
connected is cut off during this period. (This applies whether the 
inductance is the coils or the transformed coil induotance.) In practice. 
the deflection coils cannot be made without some self-capacitance, and 
the sudden reversal of the current in the inductor causes the undamped 
resonant circuit to be excited at its natural resonant frequency. This 
oscillation would continue throughout the entire trace if the circuit did 
not have some losses and the valve did not conduct again. In any case 
the overawing must be prevented altogether. In the pat', this was 
performed by critically damping the circuit with resistance. This, of 
course, meant that a great deal of the energy stored in the magnetic 
field at the end of the trace was dissipated in heat. 

The Efficiency Diode 

The use of a diode valve—known as an efficiency diode— tg recover 
the energy soon became general. The operation may be explained with 
the aid of ?ig. 44 (b). At the time Ti a linearly increasing current com-
mences to flow in the load, a suitable waveform being applied to the 
pentode grid. A steady voltage is therefore maintained across the 
inductance, which, for optimum results, will be near to the knee voltage. 
The diode bias (which must be of low impedance) is adjusted so that the 
diode is just about to conduct. At the time T2 the pentode anode 
current is rapidly cut off, and I. and V. commence to oscillate at the 
natural resonant frequency. However, at the termination of the first 
half-cycle, the voltage across the inductance reaches the diodo bias Vd 



15-54 RADIO AND TELEVISION REFERENCE BOOK 

(a) 

INDUCTIVE 
LOAD 

CUT (DE W 

FIG. 44.—OPERATION OF THE EFFICIENCY 
DIODE. 

+H.T. 

(b) T1 TaT3 T. Ts 

ana is prevented from moving farther. If the circuit has no losses, then 
the diode current at the instant T3 is equal to the pentode current just 
before the instant T2. The inductance is therefore connected between 
the H.T. line and its original potential and, since E = L di Idt, it 
follows that the current then changes linearly as between the instants 
Ti and T2. The H.T. line, therefore, does not need to supply any 
energy until the instant T4. Thus the energy stored in the magnetic 
field at the end of the trace is returned to it. In practice there will be 
some energy lost in the resistance, and this has to be made good by the 
pentode. A negative pulse is added to the grid sawtooth so that there 
is no chance of the valve drawing any current during the flyback 
period when the anode potential is very high. 

The Booster Diode 
An improvement in the above arrangement may be effected by 

connecting the diode as a booster diode. This circuit is shown in 
Fig. 45, in which the inductance is drawn as the (normally-used) trans-
former with an inductive load. During the second part of the trace, 
where the valve is in conduction, the anode current is drawn through 
the diode and a steady voltage exists across that part of the trans-
former between the pentode anode and diode cathode. The current 
therefore increases steadily and, since the two sections are coupled 
together, a steady positive voltage exists between the diode cathode and 
the top of the transformer, and consequently across the capacitor 
This voltage depends upon the turns-ratio of the transformer, relative to 
the bottom section. The value of the capacitor is made largo so that 
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FIG. 45.—BOOEITER 
DIODE. 

the voltage remains constant during the flyback. When the first half-
cycle terminates, the transformer-tap potential tends to become 
negative with respect to the I-1.T. line, and the steady potentials are 
resumed once more. 

It is thus seen that the voltage available across the transformer is 
greater than that of the H.T. line less the valve knee voltage, and a very 
great improvement in efficiency is obtained over the previous arrange-
ment. In order to obtain the high voltage required for the final anode 
of, the picture tube, use is made of the positive-going pulse across the 
transformer during the flyback. The transformer is extended by the 
necessary amount at the " hot " end and is coupled to a diode rectifier. 
The heater supply for this valve must be at the E.H.T. voltage, and is 
most conveniently obtained from a small winding on the transformer 
core. 

It will be seen in Fig. 45 that a capacitor has been connected across one 
of the line coils. This is because the self-capacitance of the windings 
with respect to earth is not evenly distributed and, since the- coupling 
between the coils is poor, it is possible for a small oscillation to occur, 
excited by the sudden damping exercised by the diode. The small 
capacitor is used to balance these strays. 

The Tuned Leakage Inductance Transformer 

As screen sizes become larger it is necessary to increase the scanning 
angle to keep the depth of the tube to a reasonable size and so ease 
the problem of cabinet' design. 110-degree tubes are now often used, 
particularly in portable receivers. In addition, it is usually necessary 
to increase the E.H.T. applied to the tube to maintain, or increase, 
brightness per unit area of screen. Thus, not only has the electron 
beam to be bent or deflected through e; greater angle, but the beam is 
stiffer and so more difficult to bend and more power has to be provided 
by the time-bases. Increased efficiency, particularly in the horizontal 
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scanning, is highly desirable if big increases of input power to the time 
bases are to be avoided. 
One method of reducing scan power requirements is by mounting the 

deflection coils elciser to the beam, and this has led to the use of narrower 
necks on 110-degree tubes and the introduction of the B81:I base. 
More efficient magnetic materials have become available, and line 

transformers using tuned leakage inductance transformeni are often 
used. 

If the leakage inductance between the primary and E.H.T. overwind 
tunes, with the effective capacitance across it, to a frequency about 2-7 
times the resonant frequency of the effective primary inductance and 
effective primary capacitance, then the peak voltage on the anode of 
the line output valve and cathode of the boost diode valve are reduced 
by about 20 per cent, while the voltage on the E.H.T. rectifier anode is 
increased. Where line circuits are limited in output owing to the 
restriction of voltages that can be safely applied to the valves, then the 
tuned leakage transformer is one way of obtaining greater outputs. 
At this 2.7: 1 ratio, the ringing voltage of the leakage inductance is 
zero at the end of the flyback period and does not continue during the 
scan. There are therefore no ringing bars or striations on the raster due 
to the leakage inductance between the primary and E.H.T. over-wind. 

Linearity 
Careful adjustment of the circuit constants can bring about reasonable 

linearity without any correction arrangements. However, the resist-
ance in the transformer and coils causes an inherent distortion, and, 
since the sawtooth current has to be slightly modified for the scanning 
of flat.face tubes, a. combination of sawtooth and parabolic component 
has to be added to the scanning current. Two methods are shown in 
Fig. 48. In the first a tuned circuit is connected in series with the diode 
and two sections of. the transformer. The L/C ratio is chosen with 
regard to the coil ratio so as to provide the necessary amplitude, and the 
coil is tuned for the waveform required. 

Alternatively, a suitable impedance whose value varies according to 
the current flowing may be connected in series with the coils. This is 
most conveniently a saturable reactor, and may consist of a coil adjusted 
with a small ferrite core which is saturated by a permanent magnet to A 
critical degree. In order to prevent oscillations, the correction coil 
may. be critically damped as shown in Fig. 46 (b). 
A linearity control which does not introduce ringing, and in addition 

is cheep and effective, uses a shorted turn coupled to the line-scan 
coils. During the line scan an E.M.F. will be induced in the short-
circuited turns, and this will produce a current round the turns which 
will change exponentially during the line scan. This current will in 
turn produce a flux opposing the main flux of the line-scanning coils, 
and by choosing a suitable time constant for the short-circuited turns 
the resultant flux can produce a substantially linear line scan. Better 
than 5 per cent non-linearity is readily achievable. 

In practice, the two short-circuited turns are each positioned between 
the line scanning coils and the neck of the cathode-ray tube and are 
adjusted in position for optimum lineur;ty of scan and then fixed. 
Unless the scanning components are changed, this makers' adjustment 
can remain set for the life of the receiver. 
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FIG. 46.—LINEARITY CORRECTION WITH BOOSTER DI01;E. 

Width Control 

In mass production it is essential to be able to adjust the scan amp, 
tude by about ± 10 per cent. This may be effected by placing a sins 
variable inductor in parallel with a section of the transformer, o 
*alternatively, in series with the coils. In the latter arrangement 11-1 
once again necessary to connect a damping circuit across the inductoi 
It must be borne in mind that at the limits of variation these method 
cause mismatch. Both arrangements are, of course, capable. o 
development in several ways. 

Valves 

Special valves have been developed for the line-scan circuit. In 
the case of the output pentode a higl peak current cathode rating is 
required—of the order of 250 mA for 70° deflection. During the flyback 
period the peak voltage swing on the anode may rise to 5 or 8 kV: for-
this reason the anode lead is usually brought out to a top-cap conneotwa - 
with special insulation internally. The peak current is unlikely to be 
obtained without the passage of grid current, and this rating should aleo 
be fairly high. Then again, following the flyback period, the anode may 
swing negative to earth due to poor coupling between the sections of the 
transformer; under these circumstances screen emission must not 
occur. 

Tlie booster diode must have a higher peak current rating than the 
output valve, and a similar peak-inverse-voltage rating. Since the 
flyback pulse is applied to the cathode of this valve, very special insula-
tion is required between cathode and heater; or else the heater will have. 
to be supplied from a suitably insulated transformer. Several modern 
booster diodes intended for this application have the co thode brought 
out to a top-cap -connection. 

In some receivers the E.H.T. diode must stand a peak-inverse-voltage 
of up to 20 kV, and many precautions have to be taken. The heater 
will usually have a low voltage rating ( 1-2 volts) and be coated with the 
emitting material, or—if a cathode tube is used—will have a rating of 
about 6 volts. In either oase the Leater current is very low.' One 
construction very popular overseas is similar to the booster diode; this. 
has a glass base with top-cap anode. In this country, however, the 
leads have usually been brought out through the ends of the glass 
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envelope for direct connection. This type of construction may largely 
disappear as voltage ratings increase. 

The Transformer 
A full discussion of transformer design is outside the scope of this 

section, but some of the considerations involved must be mentioned. 
The iron and copper losses at the horizontal scanning frequency are 
liable to be so large that special materials and techniques have had to be 
developed. For the core only the very highest grades of laminations 
can be used, or alternatively compressed dust-iron or ferrites muet be 
used. In recent years the use of ferrite cores has become practically 
universal on account of the high initial-permeability and the very small 
losses. The material, however, is easily saturated, and for this reason it 
is common practice to use butt-jo/inted or gapped constructions. The 
self-capacitance of the transformer is also important if a sufficiently 
rapid flyback is to be achieved; in this respect the small number of 
turna needed with a ferrite core is of great assistance. Both wave and 
interleaved winding techniques have been used, although it is found that 
a wave-winding gives the best result for the section between the pentode 
anode and the E.H.T. connection. A high self-capacitance in this 
section soon limits the maximum performance. 

Self-oscillating Scanning Circuits 
By various means it is possible to introduue feedback in such a way 

that the horizontal output circuit oscillates. One method is to connect 
the grid and screen of the pentode as a blocking oscillator, with the 
screen forming the anode. The circuit has to be carefully proportioned 
in order that the desired current-waveform will flow in the pentode 
anode circuit, and synchronization must be of the triggered type unless 
a very low impedance output from an automatic phase-control circuit 
can be made available. As this type of cirouit is most generally used 
for the sake of economy, triggered synchronization is usually adopted. 

Alternatively, the waveform from a tap on the output transformer 
may be fed to an additional valve, where it is amplified and suitably 
shaped by discharging action into a time-constant circuit, and then 
ooupled to the grid of the output valve. There are variants of both 
methods—with and without the extra valve—but it is seldom possible 
to produce a scan of the same degree of 
linearity and with the same efficiency as H.T. 
when using the standard circuit. 

The Desaturated Transformer 
Alternatively, an arrangement has 

been employed whereby the magnetizing 
flux in the transformer is cancelled out. 
This method has certain advantages, 
since it is an aid to efficiency and also 
allows the core section to be substantially 
reduced. Fig. 47 shows the basic circuit; 
the transformer is split at the cathode-

Ftci TRANSFORMER. 
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tap of the diode and a coupling capacitor inserted. The HT. feed is 
through a large choke which can conveniently be made the width con-
trol. It is seen that the pentode plate current has to pass through both 
sections of the transformer but in opposite directions; the D.C. com-
ponent can thus, to a large degree, be cancelled out. 
A later development is to replace the large choke by the scan coils, 

fitted with a linearity and width control in the form of a shorted-turn 
sleeve. 

SPECIAL FEATURES 

Vision Automatic Gain Ccintrol 

For some time British television receivers did not incorporate any 
form of automatic gain control. Following the recommencement of 
transmissions in 1946 automatic gain control for the sound channel soon 
became popular, and followed standard radio practice fairly closely. 
Delay circuits were occasionally incorporated. 
_ In the fringe areas it was long apparent that because of the signal 
fading experienced some form of vision automatic gain control .would 
prove to be a great boon. Furthermore, a quick-acting circuit might be 
expected to reduce the characteristic flutter caused by reflections from 
passing aircraft. 

Briefly, two different approaches are possible. The first , is to 
develop a control voltage peak rectifying or " averaging " either the 
vision carrier or the waveform after detection, with time-constants large 
enough to remove any low-frequency components. This voltage is 
fed to the grid returns of the intermediate-frequency and radio-frequency 
stages, with some method of controlling the gain of this loop, e.g., a 
potentiometer serving as contrast control. Unfortunately the D.C. 
modulation of the vision carrier causes the control bias to vary according 
to picture content. The gain is thus increased considerably when 
changing from a bright to e dark scene and vice-verso. Nevertheless, 
the scheme was found to be a considerable advantage in very weak 
signal areas provided that the level of impulsive noise was low enough to 
prevent the control circuit from backing off and is widely used; one 
arrangement being shown in Fig. 49. 
• The second approach is to measure the picture black-level and to 
control the receiver gain accordingly.7 The black level (representing 
30 per cent modulation in the British system) is kept constant at. the. 
transmitter, and is radiated for a few microseconds following the line. 
synchronizing pulse and for a few lines following the vertical pulse. 
By using this system the receiver gain is kept independent of the 
picture content. 

If the black-level measurement is made during each " back-porch" 
period, then the circuit may be made sufficiently quick acting to deal 
with aeroplane effect, but special care has to be taken to .' lake the 
arrangement free from interference. 

In Fig. 48 a negative-going video waveform is seen to be provided 
(conveniently) from a cathode follower. This is coupled to the anode of 
a diode to whose cathode 18 fed a train of large narrow, pulses, also 
negative-going. These pulses are best obtained from a local source, 
e.g., Che line-output transformer—and must be narrower than the 
" back porch" period and must occur at the centre of this period. 
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FIG. 48.—AUTOMATIC PICTURE CONTROL. • 

If the timing is not correct it is necessary to delaji•or to advance the 
synchronizing, or the pulse train, by some suitable means. The pulses 
must be larger in amplitude than the,video waveform. 
The diode acts as a restorer, and the tips of the pulse train are restored 

to the potential existing ,* he cathode of the cathode-follower. This 
potential, if the timing is right, will be the black level. If the signal 
should increase, then the potential of the restored pulse train will, 
therefore, fall with respect to ground and vice-versa. The bias applied 
to the grid of the valve V2 is so arranged that the tips of the pulse 
train just cause anode current to .flow, so that across the anode load a 
similar train of pulses exists. However, when the signal-strength alters 
and the restored pulse train moves its potential with respect to ground, 
the pulse train in the anode circuit of V2 alters in amplitude accordingly. 
It only remains to rectify this information and so produce a D.C. 
control voltage. This is done with the aid of the rectifier and smoothing 
components shown. 

This circuit is very insensitive to impulsive interference. Noise pulses 
at the input are, as shown, in the direction to cut-off the diode. Con-
sequently when the " gating " pulse and a noise pulse coincide, the 
diode will not conduct and a small amount of the charge on the coupling 
capacitor C will be lost. At the next pulse it is, of course, highly 
probable that no noise pulse will occur, and the disturbance due to 
ignition interference is, therefore, very small. 

In some models the gated A.G.C. circuit samples the positive-going 
video waveform at the cathode of the vision demodulator. With this 
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Flu. 50.—A Connor; Fount or " SYNC. 
CANCELLED" VISION A.G.C. SYSTEM. 

system, a positive-going gating pulse is required. This has been 
obtained from the anode circuit of a line multi-vibrator, and by 
differentiation of the signal at the grid of the synchronizing separator. 
In the latter case the A.G.C. circuit has the advantage of being com-
pletely independent of the time-bases. 

All but a very few Band I/III receivers incorporate some form of 
vision automatic gain control. The different strengths commonly 
encountered between Band I and Band HI signals make this feature 
most desirable in order to eliminate the need for considerable readjust-
ment of the sensitivity and contrast controls• when switching between 
stations. Some designers also incorporate independent, pre-set 
sensitivity controls to adjust the gain on each Band. 

" Sync. Cancelled" A.G.C. 

A further common alternative A.G.C. arrangement, known as " sync. 
cancelled" A.G.C. is shown in Fig. 50. The video wave-form, with 
positive-going synchronizing pulses and negative-going picture informa-
tion, is fed to the anode of Dl. Negative-going synchronizing pulses 
from the synchronizing separator are also fed to the same point. The 
synchronizing pulses are thus cancelled out and, through the D.C. 
restoration action of the grid circuit of the synchronizing separator, a 
waveform the most positive portions of which correspond to black level 
exists at the anode of Dl. Dl is a peak detector, and changes in the 
black level result in a suitable bias voltage across Rl. 
A number of variations of these systems have been used. One 

disadvantage of the arrangements described is that the gain is less 
than unity. Several circuits have been evolved to provide greater gain, 
though these have as yet found little application. 

Impulsive Interference 

Interference due to ignition and similar causes becomes very serious 
where the received signal is weak. The pulses as gene.sted are very 
fast transients, and it therefore pays to keep them as short as possible 
in the receiver, so that in both picture and sound channels they will 
represent the smallest possible amounts of energy. To this end great 

C C 
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care should be taken to see that even though sonic of the amplifier 
stages may be driven into grid current, no blocking occurs. 
At the output of the sound detector it is possible to obtain good 

clipping of the noise pulses by a simple diode clipper, but, as Fig. 51 
shows, the amplitude of the noise pulses is still comparable to the 
modulation. Further, with this system, it is possible to clip the audio 
information. 
A great improvement can be obtained with a " following limiter," 

which depends for its action upon the differende in rise time between the 
highest audio frequency to be passed and the noise pulse. In Fig. 52 
the detector output is coupled to the cathode of the second diode, which 
by suitably choosing the values of the resistors RI and R2 is just allowed 
to conduct. These are usually of the order of several megohms. The 
value of the capacitor C is chosen so that the diode will continue to 
conduct when the highest audio frequency is being passed. When a 
noise pulse occurs, however, the second diode is cut-off and the capacitor 
starts to charge up to the H.T. potential, at a rate governed by the time 
constant RI-C. Before long the noise pulse ceases, and the remaining 
waveform contains only a small residual " blip ". If desired, this effect 
may be smoothed out by the addition of a small degree of integration 
following the capacitor C. 

Fio. u2.—" FOLLOWD:G LINIITER" CIRCUIT. 
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Unfortunately this circuit is not effect;ve in the vision channel; 
this is because the rise tizne of the noise pulses and of the highest vision 
components are approximately the same. Consequently, limiters tend 
to be variants of that shown in Fig. 51. An alternative method is the 
use of a technique known as " Black Spotting ". Since the amplitude 
of the noise pulses at the detector is very much larger than that of the 
signal it is possible, by the use of a pre-set clipper, to obtain an output 
of noise pulses only. These are amplified and fed at a suitable phase to 
the grid of the cathode-ray tube when modulation is applied to the 
cathode; or to the cathode of the tube when modulation is applied to 
the grid. 

While this system can be most effective, it is usually difficult to adjust 
the circuit so as to provide optimum results at other than one contrast 
setting; fading may also cause poor performance. Furthermore, the 
fed-back noise pulse arrives slightly later than the one from the video 
amplifier, so that the transient leading edges are left unsuppressed. 

V.H.F./F.M. Reception 

The introduction of V.H.F./F.M. sound broadcasting, with the higher. 
quality, interference-free reproduction possible, has led most manufac-
turers to incorporate, in some of their television sets, facilities for re-
ceiving these programmes. Three sets of Band II coils are fitted in the 
tuner unit and a double diode or matched pair of germanium diodes is 
incorporated as an F.M. discriminator, usually a ratio detector (see 
Section 14). A typical arrangement using a double diode is shown in 
Fig. 53. Via also acts as sound demodulator when the set is switched 
to television reception, Vlb then being out of circuit. DI is the inter-
ference-limiter . diode and is not used during F.M. reception. TCI ie 
adjustable to give maximum A.M. rejection on F.M. 
Owing to the high I.F. (usually 38-15 Mc/s) it is difficult on F.M. to 

obtain a high order of A.M. rejection and to provide good adjacent. 
channel selectivity. To overcome these difficulties, some models bring 
into circuit on F.M. an extra I.F. stage, while others now incorporate 
either a separate 10-7-Mc/s I.F. strip for F.M. reception or a dual-
channel I.F. strip using techniques similar to those found in combined 
A.31./F.M. sound receivers. Another system is to use dual conversior 
to provide a lower second I.F. for the F.M. channel. 

FIG. 53.—SouNo 
DETECTOR STAGE 
INCORPORATING 
FernmriEs roa 
V.H.F./F.M. RE-

CEPTION. 

AUDIO 
OUTPUT 
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18. COMMERCIAL HIGH-FREQUENCY RADIO LINKS 

Long-distance communication circuits may be established in severa 
ways, the method chosen depending upon the type of country and tilt 
sea distance to be spanned, whether intermediate junctions are requirec 
and, of course, capital outlay and cost of maintenance. 
The chief methods used are: (I) multi-channel line system; 

(2) multi-channel very-high-frequency (V.H.F.) system; (3) high, 
frequency (H.F.) radio links. 

High-frequency radio links have the following advantages: 

(1) The capital cost is relatively low. 
(2) The system can be made very flexible, transmitters and 

receivers can be switched to different circuito according to traffic 
loading. 

(3) Installation is relatively speedy. 
(4) A large number of rodio links can be terminated in central 

transmitting and receiving sites, so that the provision of good 
maintenance facilities is simplified. 

The main disadvantages are lack of secrecy, liability to jamming and 
the influence of ether disturbances. 

OVERALL SYSTEMS 

High-frequency communication systems may be divided broadly into 
two groups, telegraph and telephone, each type of system requiring its 
own specialized equipment. 

Telegraph 

One end of a typical telegraph communication system is shown in a 
simplified form by Fig. I; the other end, of course, is similar. 
The transmit teleprinters may be either the automatic type fed with 

punched tape or the manual type. In either case, each teleprinter 
provides a keyed D.C. output which is used to key one of the tones of a 
multi-channel voice-frequency equipment. The tone keying may be 
either " on-off" or frequency shift. 
The output of the multi-channel, voice-frequency equipment, which, 

in the case illustrated, consists of six different keyed tones, is taken from 
the central telegraph office by line to the transmitting station. This 
connecting line could, if necessary, be replaced by a V.H.F. radio link. 
At the transmitting station the various tones are separated and con-

verted into D.C. impulses to key thé various transmitters. The power 
output of each transmitter is taken to a directional aerial which is 
beamed on the distant receiving point. 

Signals from the distant stations are received at the receiving station 
by means of directional aerials, and the outputs of the receivers are taken 
to a multi-channel, voice-frequency equipment for transmission to the 

16-2 
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central telegraph office. There, the messages are printed, the tele-
printer slip being pasted on to the usual forms for delivery. In the case 
of organizations conducting a large amount of telegraphic corre-
spondence, messages may be delivered via a further teleprinter line link, 
with resultant economy in time and cost. 
The distance between the receiving and transmitting station should be 
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such that no interference is caused by the transmitters. This obviously 
depends upon such factors as frequency separation, aerial directivity 
and transmitter power. 
The receiver station should be positioned on a site which is free from 

electrical interference from power lines, electrical machinery and 
domestic apparatus. A clear, flat space for aerials—with room for 
expansion—is also a necessity. 
The central telegraph office is usually in a main communication centre. 

Telephone 
Fig. 2 illustrates one end of a typical telephone commupication 

system, the purpose of such a system being to enable telephone con-
versations to be carried out over long distances where direct line 
connection is impracticable. 
A telephone call from a subscriber is routed to an overseas or inter-

national exchange; and from thence to the radio telephone terminal 
(R.T.T.). The R.T.T. is a technical control point, Which may be semi-
automatic in character, where the incoming two-wire circuit is split to 
provide two two-wire connections to the radio transmitter and receiver 
respectively. Another function of the radio telephone terminal is to 
prevent the received signal being re-transmitted and so causing in-
stability in the radio link. This is best achieved by ensuring that the 
radio circuit is operative in one direction only at any instant. 
A block diagram of a radio telephone terminal is shown in Fig. 3. 

TYPES OF EMISSIONS 

Complete information concerning types of emissions is given in the 
Final Acte of the International Telecommunication and Radio Con-
ference, Atlantic City, 1947, but the following is a summary concerning 
high-frequency applications. See also Table 1, page 16-26. 

In the past, most radio telegraphic communication systems have used 
on-off keying, " carrier on" indicating a " mark " and " carrier off" 
indicating a " space ". The effect of this is to present the receiver with 
an intermittent signal, which, if integrated over a period of time, is in the 
space condition longer than in the mark condition; and this results in a 
low value of average power. If the keying is reversed, so that a mark 
signal is represented by carrier off and a space by carrier on, an increase 
in average power results; it has been found in practice that reversed 
on-off keying shows an advantage over the more conventional method. 
Most new installations are using frequency-shift keying (F.S.K.) : 

that is, the mark and space conditions are indicated by different carrier 
frequencies. With this method the transmitter is radiating con-
tinuously so that the receiver has an unbroken signal to deal with. 
In practice there is considerable divergence in the values of frequency 

shift used; they vary from 100 to 1,200 cis. Various attempts have 
been made to standardize the shift values, the latest reconunenda-
tion by C.C.I.R. is as follows: 

(1) That it is too early to standardize the actual values of 
frequency shift, but that every effort should be made to achieve 
this as quickly as possible for emissions using only two frequencies, 
one for mark and one for space; that to assist in this, the character-
istics shown below should be used as far as possible. 
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(2) That the value of the frequency shift employed should be the 
lowest compatible with the maximum telegraph speed regularly 
used, the propagation conditions and the equipment stability. 

(3) That for frequency-shift systems working on two conditions 
only (i.e., single-channel and time-division multiplex systems) and 
operating between about 3 Mc/s and 30 Mcis the preferred values 
of frequency shift are 200, 400 anti 500 c/s. 

(4) That the values 140, 280 and 560 eft: may be used pro-
visionally, but 560 c/s should not be adopted for new/systems. 

(5) That the value of the frequency shift should, if possible, be 
maintained within ± 3 per cent of its nominal value and, in any 
case, within ± 10 per cent. 

(6) That for circuits using the Morse code, the higher frequency 
should correspond to the Mark signal and the lower frequency 
should correspond to the Space signal. 

(7) That for circuits using the International Alphabet No. 2 code 
with start-stop apparatus, the higher frequency should correspond 
to the start signal (Position A) and the lower frequency to the stoe 
signal (Position Z). 

(8) That for telex circuits using the International Alphabet 
No. 2 code directly on the radio circuit the higher frequency should 
correspond to the C.C.I.T.T. " free-circuit condition" and the 
lower frequency to the C.C.I.T.T. " idle-circuit condition ". 

(9) That for channels of a 7-unit ARQ system (which are referred 
to in the Annex to Recommendation No. 167 as directly keiyed 
channels e.g., channel A of a two-channel system), the higher 
frequency should correspond to the code elements shown as letter 
A and the lower frequency to the code elements shown as letter Z. 
For the channels which are to have reversed keying (o g., channel B 
of a two-channel system) the higher frequency should correspond 
to the code elements shown as letter Z and the lower frequency to 
the code elements shown as letter A. 

The advantages of frequency•Rhift keybig over on-off operation may 
be summarized as follows: 

(1) Transmitter keying is easier, especially for the higner powers. 
(2) For a given keying speed the transmitted spectrum is smaller. 
(3) The receiver has an unbroken signal to deal with, but the 

effect of this is offset to a certain extent by selective fading. A 
low value of shift is useful in this respect. 

(4) The adjustment of the receiver gain controls is less critical. 
(5) The receiver A.F.C. is operative in the rest condition. 

For point-to-point telephony circuits single-sideband ¡S.S.B.) 
opc:ation is replacing double-sideband (D.S.B.) operation. 

In the case of a double-sideband transmission with 100 per cent 
modulation, half the power is concentrated in the carrier and a quarter 
of the power in each sideband. As the carrier can be replaced by a 
local -oscillator at the receiver, and only one sideband need be trans-
mitted to convey intelligence, it is obvious that the system is wasteful 
both in power and frequenc, spectrum. 
A single-sideband system is one in which only one sideband is trans-

mitted, and the carrier is usually suppressed to be 16 db below the peak 
sideband power. 
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An independent sideband transmission is one in which separate in-
telligence is radiated on each sideband and the carrier is suppressed to be 
26 db below the peak sideband power. 
The gain of a single- over a double-sideband system may be summed 

up as follows: 

(1) The carrier is reduced to small proportions, and practically 
the whole of the radiated power is concentrated in the sideband 
Thus, for the same signal-to-noise ratio at the receiver, the trans 
mitter power may be reduced. An alternative, and more usual 
way, of expressing the improvement is to consider the increase in 
signal-noise ratio at the receiver for the same transmitter peak 
power. This improvement is 6 db. 

(2) The receiver pass-band is halved, giving a further improve-
ment in signal-to-noise ratio of 3 db. 

(3) By the provision of a steady local or reconditioned carrier, 
overmodulation is eliminated when the carrier level is reduced by 
selective fading. This benefit is a reduction in distortion which 
cannot be expressed in decibels but is a very important contribu-
tion towards the intelligibility of a telephone conversation. 

It is advantageous to use a single-sideband receives: for the reception 
of a double-sideband transmission, for although a decrease of 3 db 
signal-to-noise ratio results due to the loss of one sideband, this is offset 
by the reduction of the distortion due to selective fading and also by the 
possibility of choosing the sideband which is more free of interference. 

TELEGRAPH KEYING SPEEDS 

It ía usual to express telegraphic keying speeds in terms of the 
shortest modulation (marking or spacing) element, since this indicates 
the highest keying frequency that the overall system must accept. The 
unit adopted is the baud, and is equal to a keymg speed of one modula-
tion element per second. A Morse dot is a mark element followed by a 
space element of the same duration, and is regarded as a cycle. If, 
then, 50 dots are keyed in a second, the transmission would consist of 
100 modulation elements, and the speed would be 100 bauds. The 
letter V consists of 10 modulation elements, so that 10 successive V's 
per second also corresponds to a keying speed of 100 bauds. 

Traffic speed may also be expressed in words-per-minute, and the 
convention is to equate 100 w.p.m. to 80 bauds or 40 cis. 

TELEGRAPH CODES 
Morse 

In hig, speed Morse traffic the radio transmitter is fed with punched 
tape. The contacts of the Wheatstone transmitter may supply the 

Fie. 4.—BUILD-
OP THE LET-

TER V IN MORSE 
CODE. 

e L. 
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radio transmitter directly with polar D.C., or, if a long line is involved, 
then a tone source would be keyed by the Wheatstone, and' converted 
back to D.C. impulses at the radio transmitter. 
Two operators are usually employed to punch tape, so that the trans-

mission can be sustained at high speed without a break. 
At fhe receiver the meage is converted back into D.C. impulses, 

Which are fed into an en.iulator which records the traffic on a paper 
tape. 

Alternatively, the message may be fed into a Morse re-perforator 
which provides punched tape similar to the original Wheatstone tape. 
The punched tape is fed into a Morse printer, which reproduces the 
original message in normal printed characters. 
Under very favourable radio conditions, traffic speeds up to 300 words 

per minute can be attained, but in practice a speed of about 200 words 
per minute is regarded as very satisfactory. Speeds between 80 and 
150 words per minute are the most usual. 
The advantages of the high-speed Morse system are: 

(1) The speed can be varied to suit radio conditions. 
(2) A good operator can read an undulator tape when the signal 

strength is poor or interference is experienced. 

The main disadvantages are: 

(1) Labour costs are high, due to the number of highly skilled 
operators required, or in the case of automatic printing two pieces 
of complicated machinery are necessary. 

(2) A Morse radio circuit cannot be fed into a land-line system 
without conversion to standard teleprinter keying. Of course, if 
Morse keying is used on the line system, then this objection does not 
arise. 

(3) In the case of automatic printing a good signal-to-noise ratio 
at the receiver output is required. 



COMMERCIAL HIGH-FREQUENCY RADIO LINKS 16-9 

,_gieuaes - r 3!! er ()••5014 57:5/5" ir•-,ie,1 3T,, 
L armies b Mg K N M SO STU I WX Y Z.. • 'M 

1 r i 
-4, a 

3 
ICEONOLE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

4 

5 
a 
7 

FIG. 6.—R.C.A. SEVEN-IJNIT CODE CHART. 

Five-unit Teleprinter 

This system has largely replaced the Morse system. Its main advan-
tage is that the decoding of the message is almost entirely automatic, 
so that little labour is involved, and even that may be comparatively 
unskilled. Another advantage is that a radio link can be extended on a 
land line, no code conversion being necessary at the junction point. 
The disadvantages are: 

(1) A good signal-to-noise ratio is required at the receiver output 
in order to give an error free record. 

(2) It is pousible for an impulse of noise to cause the teleprinter 
to print a wrong character. Errors of this kind cannot always be 
detected. The carrier shift may be falsely operated, which causes 
a completely unintelligible record to be printed, so that a re-trans-
mission is necessary. 

(3) The transmission speed is ecmparatively low. 

Seven-unit Teleprinter 

This code is similar to the five-unit code, except that each character 
necessitates seven instead of five units for its expression. A sample of 
the code is shown in Fig. 6, and it will be noticed that each character 
consists of four spaces and three marks. The printing mechanism at the 
receiving end is so designed that it indicates when an incorrect code 
combination is received. For instance, a noise element could add an 
extra mark pulse, so that the received character would consist of four 
marks and three spaces. Alternatively, a fade could remove one mark 
pulse, so that the character would consist of two marks and five spaces. 
It is possible, of course, for a character to be affected by a noise pulse 
and a fade so that an incorrect character would be printed. This 
possibility is a rare one, and further codes have been devised to meet it, 
but they are not in commercial operation. The main advantage of the 
seven-unit code, then, is that it is error detecting, but against this m-tst 
be offset the fact that conversion machinery is necessary for extension 
to a five-unit land-line system. 
A number of American systems use this code. 
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CHANNELLING 

A number of schemes have been devised so that more than one 
telegraph channel may be operated on a radio link. Broadly speaking, 
the schemes fall into two categories, time division and frequency 
division. 

Time Division 
In the case of time division, each channel keys the-radio transmitter 

in turn, and accurate synchronization is maintained between the two 
ends of the link. The advantage of the system is that each channel is 
radiated at full power: the disadvantage is that the baud speed is 
increased in proportion to the number of channels, so that the amount of 
distortion that can be tolerated is proportionately reduced. Two 
systems are in considerable use: these are the Cable and Wireless system 
of Double-current cabb Code, and the R.C.A. Multiplex system, both 
have been described in detail by Smale. 

Frequency Division 
The block diagram of a frequency division system for three channels 

is shown in Fig. 7. Each tone is frequency modulated, and the com-
bined output is used to modulate a single-sideband transmitter. 
At the receiver end double-diversity single-sideband reception is used 

to combat the effects of selective fading. 
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An alternative method is to use a separate receiver for each channel, 
the pass bands of the receivers being about 500 c/s. 

Four-frequency Diplex System 
This is a channelling system which is now being used extensively, and 

has the merit. that it may be applied reasonably easily to existing 
transmitters and receivers. 

It is designed for two-channel operation, the maximum keying speeds 
being 200 bauds on channel 1, and 100 bauds on channel 2, if the two 
channels are not synchronized. Channel 2 keying speed may be in-
creased to 200 bauds if the channels are synchronized. The following 
coding system is recommended by C.C.I.R. 

Emitted frequency 
Channel 1 ( V1) Channel 2 ( V2) 

Teleprinter Morn Teleprinter 

f (highest frequency). 
h • • • 
h • • • 
f1 (lowest frequency) . 

A 
A 

Mark 
Mark 
Space 
Space 

A 

A 

Morse 

Mark 
Space 
Mark 
Space 

When f„ f,, f„ J. designate the emitted frequencies, the spacings between 
adjacent frequencies (fé — f3). (fa — (Jt — fl) being equal. 
A repreb,rits the start signal of the teleprinter. 
Z represents the stop signal of the teleprinter. 

Telephony Channelling 
Single-sideband transmitters are usually designed to accept modula-

tion frequencies up to 6 kcis; whilst this is desirable for high-quality 
music transmissions, it is unnecessary for commercial speech trens-
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missions, which are usually limited to frequencies between 250 and 
3,000 cis. It is common practice to accommodate two commeraal 
speech channels in the 6-kc is spectrum, and this is accomplished by 
channel-shifting equipment as shown in Fig. 8. 

In the example shown, the traffic-speech channel of 250-3,000 cis is 
transferred to the band 2,250-5,000 cis, and the channel is automatically 
inverted in the process. The lower speech spectrum of 0-2,000 cis is 
'available as an order wire, and by this means the operators at the over-
seas exchange can arrange further telephone calls without interruption 
of paid time on the traffic circuit. 

If the crystal oscillator is set to 6,250 cis and the band-pass filter 
tuned to accept 3,250-6,000 cis, then the order wire can cover 250-3,000 
cis and would be suitable for use as a traffic channel; this is now current 
recommended practice. 

AERIAL EQUIPMENT 

Directional aerials are essential for point-to-point working, the 
principal types are the Franklin or Koomans beam arrays, the rhombic 
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and the horizontal array of dipoles (H.A.D.). AS the beam aerial is 
expensive to construct, modern installations tend to favour the rhombic 
or the horizontal array of dipoles. 

Feeders 

Aerials must be erected at such a distance from the receiver building 
that electrical noise, due to ...atom, relays and the like, is not picked up. 
It follows also that the feecter system should be non-receptive. In the 
case of a telephony receiving station which does not require electric 
motors or relays on its monitoring equipment, the feeder is usually of 
the open-wire type of 600-ohm impedance. Inside the building,. it is 
more convenient to use 75-ohm concentric cable so that a 600 to 75-ohm 
matching transformer is necessary at the junction of balanced feeder 
and concentric cable. 
The usual practice for telegraphy stations is to mount the step-down 

aerial transformer close to the base of the aerial and to run concentric 
feeder for the whole distance to the receiver building. Best screening is 
obtained when the feeder sheathing is solid: copper, lead or aluminium 
being used for this purpose. For the sake of convenience, flexible 
braided cables are sometimes used inside the receiver building, some loss 
in screening efficiency results, but this can be minimized by the use of 
double braiding. 

Aerial Exchange 

In order to provide flexibility the aerial feeders and receiver feeders 
are usually terminated at a jack field: by mans of flexible plug- cords 
it is then possible to connect any receiver to any aerial. This flexibility 
can be further increased by the use of an aerial splitter. This device 
enables several receivers to be connected to one aeribl with a minimum 
of loss and intercoupling between réceivers. The block diagram of an 
aerial splitter is shown in Fig. 10. 

COMMERCIAL RECEIVER DESIGN 

Telegraph Receiver 

A typical telegraph receiver designed for the reception of on-off and 
frequency-shift signals is illustrated in Fig. 12 and shown in block 
schematic form in Fig. 11. It is designed for connection to two similar 
aerials spaced at least five wavelengths apart, so that there is only com-
paratively little chance of the signal fading on both aerials simul-
taneously. It follows, then, that the equipment basically consists of two 
receivers, means being p:ovided to select automatically the stronger 
output bt any instant. 
The signal-frequency coverage is 3-27.5 Mc /s, and is provided by 

three separate . amplifiers, each with its own crystal oscillator. The 
three radio-frequency amplifiers cover 2-6.5 Mo/a, 6.5-14.5 Mc /s and 
14.547.5 Mc /s respectively. Normally, one of each is fitted to provide 
continuous coverage. 

It will be noted from the block diagram that the amplifiers can be 
selected as desired, so that, as a radio link employs at least two fre-
quencies for day and night working, the amplifiers may be permanently 
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tuned to the required frequencies, and frequency changing then becomes 
an instantaneous operation. 

Should two of the required frequencies be covered by one unit, then 
that unit could be duplicated and one of the others omitted. A variable. 
frequency oscillator may be substituted for either of the crystal oscilla-
tors. The first inte4:ifiediate frequency is 1.6 Mc 'order -to provide a 
good image signal protection, the main selectivity being provided by the 
second intermediate frequency of 100 kcis. The second frequency. 
change oscillator is variable over ± 3 kcis to provide a fine tuning 
control: automatic frequency control is also applied to this oscillator. 

For on—off keying, the intermediate-frequency output of each receiver 
path is taken to a diode detector, and combination of the two signal 
paths is effected by providing a common load to the detectors. The 
D.C. circuits following the diode load serve the following purposes: 

(1) The signal is limited to give a constant amplitude. 
(2) Filter circuits are introduced which accept the keying 

frequencies and reject the short impulses produced by noise. 
(3) The width of the signal pulse can be adjusted so as to remove 

the distortion introduced by the various filters or originating from 
the radio transmitter. 

(4) A polar current output is produced capable of operating a 
teleprinter or undulator. 

For frequeiacy-shift keying, the stronger signal is selected by means of 
a path selector, limited in amplitude and fed to a discriminator. The 
D.C. output from the latter is used to operate the sanie D.C. circuits as 
are used for on—off keying. The selected signal is also used to operate 
the automatic gain control circuits, which in turn control the gain of the 
radio and the first intermediate-frequency amplifier stages. 



COMMERCIAL HIGH-FREQUENCY RADIO LINKS 16-15 

Radio-frequencj Amplifier 
To reduce the effects of cross-modulation and overloading from strong 

signals the radio-frequency amplifier is preceded by an attenuator, 

FIG. 12.—TYPICAL TELEGRAPH RECEIVER. 

(.11arcorWs Wireless Telegraph Co. LW.) 

variable in 10-db steps from 0 to 40 (lb. Two stages of gain are pro-
vided, the gain of the second stage being controlled from the A.G.C. line. 
For maximum efficiency, each circuit is independently tuned. 
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The in from the aerial terminal to the mixer grid is between 40 arui' 
50 db, the exact value depending upon frequency and valve tolerancesJ 
To compensate for this variation and to enable the gain of the two 
radio-frequency amplifiers to be equalized, a preset gain control is fitted. 

Crystal First Frequency-change Oscillator 

Tho oscillator proper operates at the series resonant frequency of thet 
crystal, and is followed by a buffer amplifier and output stage. The 
latter operates as an amplifier from 4 to 16 Mcfs and as a doubler from 
16 to 32 Mc /s. 

Variable First Frequency-change Oscillator 

This is intended to take the place of any one of the crystal oscillators 
in the event of a crystal of the correct frequency not being immediately 
available. The temperature coefficient of the oscillator has been kept 
very low: this has been achieved by careful attention to the temperature 
coefficient of individual components and by the provision of automatic 
temperature compensation for changes in inductance and capacitance. 
The resulting coefficient is less than 5 parts in 106 per ° C. The unit is 
•sealed so as to eliminate frequency variations due to changes in humidity 
of the atímospFere. The frequency range of the basic oscillator is 2-4 
Mc /s ale calibration is direct, and may be read to an accuracy of 1 
k.c/s. Multiplying circuits extend the range to correspond with the full 
range of the higta-frequency circuits. 

First Interipediitte-frequency Amplifier 

The centre frequency of this amplifier is 1,600 kcis and has a nominal 
band-width of 8 kc/s, this allows for the 2-kc/s band-width of the wide 
second interniediate-frequency filter and the fine tuning control of 
± 3 kc/s. Tuned circuits provide the selectivity, and two valve stages 
give a gain of about 40 db. A preset gain control enables the gain to 
be set to the correct working value. Fig. 14 shows a typical response 
curve. 

Second Frequency Change Oscillator 

This is centred at 1,700 kc/s, and, like the first oscillator, is com-
pensated for temperature changes and proofed against humidity varia-
tions. A small portion of the tuning capacitance is variable: this allow* 
the frequency to be varied by ± 3 kc/s either manually or by the auto-
matic frequency control motor. 

Second Intermediate-frequency Amplifier 

Two crystal filters centred at 100 kc/s provide the main selectivity. 
The pass bands are 1 and 2 kc/s, and are selected by a switch. The 
2-kc/s band-width is intended for use when receiving modulated C.W' 
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or diples signals, the narrow filter is suitablè for normal on-off and 
frequency-shift signals. 
The circuit diagram of a crystal filter is shown in Fig. 13, and it will 

be seen that it consists of three identical half-lattice sections connected 
in tandem. Each section consists of a transformer with its secondary 
centre tapped to earth forming two arms of a bridge which is completed 
by a crystal in series with an inductor and a resistor. Additional 
resistors are connected to earth, and provide a matching network. The 
filter is designed to work between 75-ohm impedances. The response 
curves of the two types of filter are shown in Fig.15 : these are independent 
of temperature over the range 20-60°C. The filters are hermetically 
sealed fti"rist the effects of humidity and corrosion. 
The filters are followed by three valve stages with normal transformer 

coupling, the gain being aboiit 46 db. A preset gain control is fitted. 
The output stage is capable of handling 1.5 watts of signal without 
overloading. 

Detector 

A dióde-type detector is used for on-off keying, and is capable of 
handling a signal amplitude of 400 volts without overloading. As 
the level necessary to operate the D.C. circuits fully is 4 volts, it will be 
appreciated that a signal 40 db above threshold can be handled without 
overloading and without the help of the A.G.C. circuits. 

D.C. Circuits 

The block diagram of the D.C. circuits is given in Fig. 16. After 
rectification, the signal is amplified and limited. It then passes to a 
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filter which removes the higher frequencies due to noise. As the filter 
distorts the signal somewhat, it is necessary to introduce a bias-corrector 
circuit which enables the operator to select the point in the waveform 
at which the durations of the mark and space signal are equal. This 
control could be preset, as its setting is independent of traffic speeds, 
but in practice it is made variable so as to cater for variations in trans-
mitter or other bias. The signal is finally squared by further limiting. 

17 (a) shows the wav-form before filtering, Figs. 17 (6) and 17 (c) 
after filtering, and Fig. 17 ( after final squaring. 

For frequency-shift signals, the select ed signal at 100 kc/s is limited 
and passed to the signal discriminator, tile output of which operates tho 
D.C. circuits as in the case of on-off keying. 

Automatic Gain Control 
The A.G.C. circuits are fed from the signal path-selector, and control 

stages in the signal-frequency and first intermediate-frequency ampli-

(a) 
(e) MGM S.4>U0 &SAWA 

(c) liegi SPEW SeG44/.5 (d) 

17.—WAVEFOT.' !' 13.-FORE .1ND AFTER FILTERIN 



COMMERCIAL HIGH-FREQUENCY RADIO LINKS 16-19 

-t —Cy/ 

xu  

0 

0 / 

I y 

-----

-reel-----

MAX. INTENSITY / 

0 +20 40 60 80 
INPUT db ABOVE RECORD NG THRESHOLD 

FIG. 18.--Tx..LEGRAPH RECEIVER A.G.0 CHARACTERISTIC. 

100 

fiers. With on-off keying, owing to the intermittent nature of the 
signal, it is difficult to make the A.G.C. action fast enough to follow 
rapid fading and yet not distort the individual characters. It is the 
practice therefore to make the A.G.C. intensity and time constant both 
variable so as to cater for different keying speeds and fading conditions 
Very little A.G.C. intensity is used for on-off keying, as it has peen 

found from experience that it is preferable to design the receiver to have 
a good overload characteristic. Considerably moro A.G.C. intensity can 
be used when receiving frequency-shift signals. . 

Fig. 18 shows the A.G.C. characteristic, and it will bo noticed that the 
action is delayed by 25 db from the recording threshold. 

Automatic Frequency Control 

Ideally it would seem that the speed of correction of an automatic 
frequency control system should vary according to the error frequency, 
this would mean that the correcting motor would rotate rapidly for a 
large error, slow down as the receiver is brought into tune and stop the 
instant that the tuning is correct. In practice, this cannot be achieved, 
since it is not feasible to design a synchronous type of motor which will 
start when a frequency corresponding .to a largo error, say 500 c/s, is 
suddenly applied. 

Experience has shown, however, that a fast correcting speed can be 
an embarrassment, since intermittent interfering signals and noise would 
rapidly mistune the signal. It has also been found that to obtain 
accurate tuning the system must be free from hunting or overshoot. 
The automatic frequency control scheme adopted in this receiver meets 
these requirements. 
The block diagram is shown in Fig. 19. 
Signals at the final intermediate frequency are fed to a gate valve 

which is cut-off during periods when the control signal is not present. 
In the case of on-off signals the gate is closed during spaces so that noise 
atim not operate the automatic frequency control. For frequency-shift 
signals, the control should be from the signal which is transmitted during 
rest pvillpds. 
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Following the gate valve, the signal is limited and then passed to the 
automatic frequency control discriminator, which is centred at 100 kc /s 
for on-off signals and offset by a manual control from the mid-inter-
mediate frequency by half the shift value for frequency shift. The dis-
criminator output is limited and used to pull the frequency of a crystal 
oscillator. This is achieved by varying the mutual conductance of a 
reactance valve connected to the crystal oscillator via a I-wave network. 
The maximum amount the crystal oscillator is pulled is about 20 cis, 
and corresponds to an actual signal error of 50 cis: larger signal errors 
have no further effect, due to the action of the discriminator limiter. 
The output from the pulled oscillator is compared with a reference 

o.cillator at 100 kc /a and a four-phase output at the difference frequency 
obtained and applied to an impulse-type motor. The latter is mech-
anically coupled through reduction gearing to the second frequency. 
change oscillator: 

Monitoring 
Aural monitoring is provided by beating the second intermediate 

frequency signal of either path against an oscillator. For tuning pur. 
po es the oscillator is set to 100 kcis, correct tuning being indicated by 
zero beat in the case of on-off signals and a continuous uniform note for 
frequency-shift-keyed signals. The oscillator can be offset by 1 kc is 
to give a readable on-off signal. . 
A pair of simple valve-voltmeter circuits provide visual indication of 

the path levels. 

Tuning Oscillator 
This is not part .of the receiver circuit proper, but is introduced to 

facilitate the tuning of the signal-frequency stages. It can be patched 
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into either receiver path, and provides a steady source of signal, so that 
it is then possible to tune each circuit accurately to give maximum 
output as indicated on the path-level meters. 

Operational Controls 

After the receiver has been set up for opLretion on the three chosen 
frequencies, the front doors may be closed. Apertures in the doors 
provide access to the operational controls, which are reduced to the 
absolute minimum, and comprise: ( 1) frequency-selector switch; 
(2) aerial attenuator; (3) fine tuning control; (4) A.F.C. on-off switch; 
(5) overall gain controls; (8) bias control; (7) monitoring jacks; 
(8) path level and bias meters. 

Summary of Performance 

The following summary of the characteristics of the telegraph receiver 
already described is given as a general guide to the performance of this 
class of receiver. 

General.—Pre-tuned or continuously variable double superheterodyne 
telegraph receiver capable of immediate selection of three spot fre-
quencies. 
Service.—Double-diversity reception of telegraph signals either C.W. 

on-off 200 bauds, or frequency-shift key 200 bauds, 400-1,000 c/a shift. 
Frequency Range.-3-27-5 Mcis in three bands. 
Sensitivity to Record.—C.W. on-off 0-3 µV at 27-5 Mc/s with 2 ke/s 

passband. 
Image Signal Protection.-117 db at 3 Mc/s; 68 db at 15 Mc/s; 

7,0 db at 27-5 Mc/s. 
Stability.—Crystal first oscillator 1-5 parts in 108 per ° C. Variable 

first oscillator 5 parts in 104 per ° C. Variable second oscillator 5 parts 
in 10. per ° C. 

Oscillator Radiation.—The maximum level at the aerial terminal due 
to the first oscillator is 10 µV. 

Second Intermediate-frequency Selectivity.-
1 kc la filter: 1 kc/s wide at 1 db attenuation; 1-2 ke/s wide at 10 db 

attenuation; 1-9 ke/s wide at 70 db attenuation. 
2 » Is filter: 2 ke/s wide at I db ittenuation; 2-3 ke/s wide at 10 db 

attenuation; 3-5 ko/s wide at 70 db attenuation. 
Automatic Frequency Control.—Capable of following drifts up to 

± 3,000 o/s with a resultant error of not more than 10 c/a. 
Overloading.—An adjacent channel signal, spaced at e kcis from the 

working frequency for the 1-kcis pass band, and at 80 db above the 
wanted signal will not cause blocking in the receiver, provided that the 
wanted signal does flot exceed 100 µV. 
When using the 2-kcia filter, the same result is obtained from a signal 

3 kc is off tune. ' 
Output.—Maximum of 30-0-30 mA into earthed load not exceeding 

1,500 ohms. 

General 

The block diagram of a single-sideband receiver intended for point-
to-point telephone working is given in Fig. 20. In appearance it is 
similar to the telegraph receiver. 

Telephone Receiver 
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The performance of single-sideband telephone systems is such that 
it is generally agreed that there is little practical advantage in adopting 
diversity reception. This equipment follows the current practice, and 
is a single-path or non-diversity receiver. • 
The radio-frequency amplifiers and first-frequency change oscillators 

are similar to those used in the telegraph receiver described, but a total 
of six pre-set frequencies is provided. 
Good image signal protection is obtained by centring the first inter-

mediate-frequency amplifier at 1.6 Mc/s, and the sideband and carrier 
separation is carried out at 100 kc/s. The second-frequency change 
oscillator may be controlled manually or by the automatic frequency-
control circuits to the extent of ± 3 kc/s. The carrier is used to operate 
the A.F.C. and A.G.C. circuits, and is reconditioned so as to provide an 
alternative to the local carrier. 

First Intermediate-frequency Amplifier 
The mid-band frequency is 1,6 Mois, the pass-band is 18 kc/s at the 

1 db attenuation points to accommodate two sidebands of 6 kc/s each 
and the fine tuning spread of ± 3 kc/s. An overall gain of approxi-
mately 45 db is obtained from two stages. A total of ten tuned circuits 
is necessary to obtain the desired linearity over the pass band. 

Second-frequency Change Oscillator 
A convention has been adopted in single-sideband working whereby 

the upper and lower sidebands aro interchanged about the 10-Me/s 
radio:frequency point. To cater for this inversion the second oscillator 
may be set to either 1,5 or 1.7 Mc/s. 
Temperature compensation and protection against humidity effect& 

are provided, and the frequency may be varied ± 3 kc/s either manually 
or by automatic-frequency-control action. 
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Sidbband Amplifiers 

Alternative band-widths of 3 and 6 kc/s are provided for each side-
band. The selectivity is provided by crystal filters which are temper-
ature compensated and sealed against the effects of corrosion and 
humidity. Typical response curves of the upper sideband filters are 
given in Fig. 21. The lower sideband filters have a similar performance, 
which is the mirror image about 100 ke/s. 
A common single-stage amplifier precedes the filters, and separate 

three-stage amplifiers follow the filters. 

Carrier Amplifier 

The pilot carrier is separated .from the sidebands by means of the 
carrier filter, which is only 60 ci's wide at the 2-db attenuation points. 
This narrow band-width is essential for two reasons, first: it enables a 
good signal-to-noise ratio to be obtained from the attenuated carrier, 
and secondly, it offers maximum rejection to the low-modulation 
frequencies of the side'bands. 

Demodulation 

The detectors, which are of the balanced type, are supplied with a 
constant carrier level 20 db above the peak sideband level. Two 
sources of carrier are available, for whilst it is generally preferable to 
use the local carrier, on occasions when the signal is subject to spurious 
frequency modulation the reconditioned carrier is to be preferred. 

Automatic Gain Control 

This presents a problem in single-sideband receivers, and the present 
solution is not too satisfactory. As the sideband level is variable, there 
is no alternative but to operate the A.G.C. ,system from the carrier. 
During periods of selective fading, in addition to the normal corn-
eiratively slow fading, the carrier will be subject to rapid fades, and to 
smooth out this effect the A.G.C. system is given a very long time 
constant. Some variation in sideband level is bound to result, and to 
offset this it is the usual practice to include constant-volume amplifiers 
in the radio-telephone 1,erminal. 

If one sideband signal consists of a constant-level frequency-modu-
lated tone, as in the case of facsimile transmissions, it is then more 
satisfactory to operate the A.G.C. system from the sideband. A switch 
is included in the receiver enabling the A.G.C. circuits to be operated 
from the carrier of either sideband at will. 

Automatic Frequency Control 
When using the local carrier for demodulation purposes, any error 

in tuning has the effect of altering the modulation frequencies. It 
will be appreciated, then, that only a small tuning error can be tolerated, 
especially in the case of kiglPquality music transmissions. 
With reconditioned carrier working a reasonable tuning error does not 
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affect the quality of the audio-frequency output, since both sidebands 
Rnd carrier are mistuned to the same amount, and the difference 
frequency is unaltered. 
The e.F.C. system adopted in this receiver ensures that tuning is 

accurate to a fraction of a cycle per second. 
The output from the carrier amplifier is taken to a limiter via a 

gating stage which is open when the signal exceeds a predetermined 
amount: this prevents the operation of the automatic-frequency-control 
circuits by noise during periods of deep carrier fades. Following the 
limiter is a demodulator, which is also supplied with an output from the 
local carrier oscillator. A four-phase output is obtained from the 
difference frequency between the received carrier and the local carrier, 
.and is used to operate a four-phase impulse-type motor, which in turn 
corrects the tuning of the second oscillator. 

Line Output and Controls 

• The audio-frequency output from the demodulator is fed to a two-
stage amplifier which has low harmonic and frequency distortion 
characteristics. 
As in the case of the telegraph receiver, the controls necessary for 

-normal operation have been reduced to a minimum. These are: 
(1) aerial attenuator; (2) frequency selector switch;- (3) fine tuning 
control; (4) A.F.C. on-off switch; (5) A.F. gain controls; (8) volume 
indicators and carrier level meters. 

Summary of Performance 

General.- -Pretuned or continuously variable double superheterodyne 
S.S.B. receiver capable of immediate selection of any on if six spot 
frequencies. Single-path reception of D.S.B., S.S.B., or I.S.B. telephone 
signals. 
Noise Factor.-6-8 db, according to frequency. 
Frequency Range.-3-27-5 Mc/a. 
Image Signal Protection.-117 db at 3 Mc/e; 88 db at 15 Mc/a; 70 db 

at 27-5 Mc/s. 
Stability.—Crystal first oscillator 1-5 parts in lo, per ° C. Variable 

first oscillator 5 parts in 10' per ° C. Variable second oscillator 5 pelts 
in 10' per ° C. 

Oscillator RadiatiOn.—Less Lien 10 µV at any frequency measured at 
the aerial terminal. 

Second Intermediate-frequeney Selectivity.—Sideband filters: Pass 
band 100-3,500 c/s. 100-6,000 c/s. 

Discrimination against frequencies more than 520 c/s outside the pass 
band is greater than 75 db. 

Carrier filter: Pass band ± 30 c/s. 
A.F.C.—Up to ± 3 kc /s drift corrected with a residual mistune of less 

than 1 c/s. 
Overall Frequency Response.—Variation in output for constant-

amplitude input signals is less than 3 db throughout the pass band. 
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TABLE 1.—TYPES OF EMISSIONS USED FOR HIGH-FREQITENCY 
RADIO LINKS 

Type of 
Modulation Type of Tranemiesion 

Supplementary 
Characterietice 

symbol 

Amplitude 
modulated 

Telegraphy without the 
Use of modulating audio 
frequency (on-off key-
ing) 

Telegraphy by the keying 
of a modulating audio 
frequency or audio fre-
quencies or by the key-
ing of the modulated 
emission 

Telephony 

Telephony 

Telephony 

Double-sideband, 
full carrier 

Single-sideband, 
reduced carrier 

Two independent 
sidebands, re-
duced carrier 

A 1 

A2 

A3 

A3a 

A313. 

Frequency 
modulated 

Telegraphy without the 
use of modulating audio 
frequenoy (frequency-
shift keying) 

Fl 

References and Bibliography 

J. A. SHALE, " Some Developments in Commercial Point-to-point 
Radiotelegraphy ", Journal I.E.E., 1947. 

• R. B. ARMSTRONG and J. A. SHALE, " High-speed Recording of Radio-
telegraph Signals ", Journal I.E.E., 1944. 

a J. D. HoL.L.Orn, " Design Considerations for a Radiotelegraph 
Receiving System ", Jourruil I.E.E., 1950. 

• R. O. CARTint and L. K. WHEELER, " Code Converters for the Inter-
connection of Morse and Teleprinter Systems ", Journal I.E.E., 
1953. 

• T. HArro/q, C. J. Huons a. A. L. SAUNDERS, " Telegraph Codes 
and Code Converters ", Journal I.E.E. 1953. 

• W. J. BRAY, H. G. LILLICRAP and F. C. OWEN., " The Fading Machine 
and its Use for the Investigation of the Effects of Frequency 
Selective Fading ", Journal I.E.E., 1947. 

R. RUDDLESDEN, E. FORSTER and Z. JELONEK, " Carrier Frequency 7 

Shift Telegraphy ", Journal I.E.E., 1942. 
▪ W. J. BRAY, H. G. LILLICRAP and W. R. H. LOWRY, " The Design of 

Transmitter Drives and Receivers for Single-sideband Systems ", 
Journal I.E.E., 1947. 

F. W. J. S. 



17. BROAD-BAND RADIO SYSTEMS 

PAGE 

INTRODUCTION . 2 

STANDARDS OF PERFORMANCE . • 4 

TELEVISION . 4 

MULTI-CHANNEL TELEPHONY 6 

TYPICAL FREQUENCY-MODULATION 
SYSTEMS . . 8 

RECEIVED CARRIER POWER . 12 

PATH LOSS . . 13 

MICRO-WAVE SYSTEM DESIGN . 16 

V.H.F. SYSTEM DESIGN . 92 

MEASURING TECHNIQUES FOR FRE-
QUENCY-MODULATION SYSTEMS . 22 

BIBLIOGRAPHY 24 

APPENDICES: 

I. GROUP DELAY . . 26 

II. PSOPHOMETRIC WEIGHTING 26 

III. NOISE POWER AT INPUT OF RE-
CEIVER . . 27 

IV. FIGURE OF MERIT . 28 

I) D 17-I 



17. BROAD-BAND RADIO SYSTEMS 

Introduction 

Systems having large-channel band-widths are playing an ever-
increasing part in zpodern communications zu tworks. They range from 
the simple television link 1.3 used for connecting outside broadcast 
cameras with broadcasting stations, to the transcontinental network 3 
capable of carrying either television channels or many speech channels. 
Permanent point-to-point links for television are important because 

of the limited area coverage of television broadcasting stations, and since 
the cost of television programmes is high, it is desirable to have 
simultaneous broadcasting over a national circuit. Furthermore, live 
programmes, particularly of sport, have a great appeal. An alternative 
to permanent-link stations is to have overlapping broadcast areas served 
by different frequencies with receivers at each station to hand on the 
programme. Unfortunately, a hi ;h density of broadcast coverage is 
seldom economically justified, and high-power stations are not usually 
sufficiently free from distortion to permit much handling in this way. 
Many hundreds of telephone channels often have to be transmitted 

over a trunk route between large cities. Until recently these trunk 
circuits have been provided by cables. However, over routes where no 
cable ducts exist, it seems that a radio system can be manufactured and 
installed more rapidly than a cable system, and a radio system can show 
a great saving in raw materials such as copper and lead! Other factors, 
such as the lack of roads and power supplies for isolated radio stations 
e:ted on hills, can put cables at an advantage because they can carry 
their own supplies for repeaters. 

It is the general aim that the large trunk radio networks should have 
transmission characteristics suitable for either television or multi-
channel telephony, and should conform to the standards used in co-axial 
cable networks. The latter handles telephony channels assembled in 
frequency division multiplex. 
Such radio systems use frequency modulation in preference to 

amplitude modulation because greater linearity, better signal-to-noise 
and more stable transfer levels are obtainable. Amplitude linearity is 
most stringent for multi-channel telephony, and usually the number of 
telephony channels carried is leso than would occupy the band-width 
necessary for television. 
As large radio-frequency channel band-widths of the order of 16 Mc /s 

are used, the largest of these systems have to operate in the micro-wave 
bands. Consequently, the separation between stations is limited to 
optical ranges, and with current practice this averages a little under 
30 miles. To cover great distances a number of repeater stations are 
used between the terminals. There are two types of repeater station, 
the first is essentially a receiver and transmitter connected together 
at the base-band frequency (that is the television or multi-channel 
assembly frequency). The second amplifies and changes carrier 
frequency without returning to the base-band frequency. The first 
type is used if some channels have to be taken-up or dropped-off at the 

17-2 
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repeater station, otherwise the second type is preferred, as it introduces 
less distortion. 
The frequency bands that are generally available for broad-band 

radio relays systems are: 1,700-2,300 Mc/e; 3,500-4,200 Mc/e; 5,925-
8,500 Me/s. In addition, the band 890-940 Me/s, or part of it, is avail-
able in many countries for medium band-width systems. 
Other methods of modulation and multiplexing are also in use. Time 

division multiplex is attractive for radio transmission, as performance is 
less dependent upon the circuit variations usually associated with radio 
equipment. As the radio-frequency band-width per speech channel is 
large, such systems are seldom designed to carry more than twenty-four 
channels, and perhaps sixty channels is an economic limit. Radio 
circuits that have linearity just adequate for television can be used 
successfully for the transmission of several high-grade music channels, 
or about twenty-four speech channels by the use of pulse position 
modulation. A great disadvantage withopulse systems is that they do 
not readily integrate with existing cable circuits. Many thousands of 
channel miles are giving good service in self-contained systems. 

Pulse code modulation is particularly suitable for long-distance net-
works not involving cable links, or under conditions when the radio 
stations cannot be sited to obtain good carrier-to-noise ratios. The 
signal-to-noise ratio in the speech circuit is substantially independent of 
the carrier-to-noise ratio after a certain minimum is exceeded, and is 
also independent of the circuit length. So far, these special advantages 
obtained by Pulse Code Modulation have been extensively made use of 
only in data transmission; and even then mostly by the modulation 
of a sub-carrier rather than by direct modulation of the radio carrier. 
In some parts of the world, particularly in North America, where 

some 150,000 broad-band channel miles are in service, radio relay 
engineers are becoming faced with the problem of frequency-spectrum 
conservancy. In the next few years this is likely to cause increased 
interest in single-sideband modulation. Without using frequency-
compression techniques, single-sideband transmission can reduce the 
required frequency spectrum by at least five to one as compared to the 
present-day frequency modulation demands. Furthermore, there are 
interesting possibilities in unit construction. However, development 
problems are difficult because the linearity problems are severe. 
Some multi-channel systems operate in the V.H.F. bands, but these 

bands are narrow and congested. Therefore, the number of speech 
circuits per radio channel is usually limited to about forty-eight, and the 
accepted performance is frequently lower than that obtained from micro-
wave systems. However, the separation between stations may greatly 
exceed optical ranges, often by as much as two to one. Equipment can 
be built with much lower mechanical precision than that required for 
the centirnetric bands. Thus the use of the V.H.F. bands is attractive 
when capital outlay hat, to be kept to a minimum, and when long hops 
are essential for geographical reasons. 
Some very attractive low-cost radio-relay equipments have been 

made Mr use in the 450- and 900-Mc/s bands. They have many of the 
advantages of a true micro-wave system and yet are mainly designed 
around " lumped-circuit" techniques. A capacity of 120 speech 
channels is not unusual. The available frequency bands are narrow, 
and in many countries are not very well protected from interference. 
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STANDARDS OF PERFORMANCE 

Television 

The subject of transmission performance for long-distance trans-
mission of television is receiving much international attention. It is 
complicated by the several standards of definition in vogue; a summary 
of these standards is given in the documents of the C.C.I.R.7 
For monochrome television of 405-line definition the following 

extracts from 7, together with additional comments, indicate the 
standards so far accepted in the United Kingdom. 

(1) The input and output impedance of the transmission circuit 
should be 75 ohms unbalanced, and have a return loss of not less 
than 30 db at any frequency between 10 and 3,000 kc/s. 

(2) The normal transfer level is about 1 volt peak-to-peak. For 
transmission to cable the video signal has positive polarity ( i.e., its 
amplitude will increase in proportion to the brilliance of the corre-
sponding point of the picture), and the D.C. component is not 
transmitted. 

(3) The slope of the output-voltage to input-voltage character-
istic for a nominally zero gain video-to-video channel should be 
within the limits 0.9-1•1 over the maximum range of voltage due 
to the picture signal. The synchronizing signal amplitude, 
nominally 30 per cent of the total signal amplitude, should be 
between 21 and 33 per cent of the total signal amplitude. 

(4) Stability of overall transmission circuit. 

(a) Short-period variations (e.g., 1 second) not greater than 
±03 db. 

(b) Medium-period variations (e.g., 1 hour) not greater than 
±10 db. 

(e) Long-period variations (e.g., 1 month) for unattended 
circuits not greater than ± 2 db. 

(5) Signal-to-noise Ratio.—The tolerable signal-to-noise ratio for: 
(a) Random uniform noise-35 db. 

This is expressed as: 

Peak-to-peak amplitude of picture signal (black to white) 
Quasi-peak-to-peak amplitude of noise 

A further allowance must be made for fading, as it is usual that 
this figure of 35 db is required to be met for not less than 99 per cent 
of time. 

It is generally assumed that the quasi-peak-to-peak amplitude 
of random noise is seven times its r.m.s. voltage. 

Thus, 

Black-to-white signal (peak-to-peak) 
52 db Noise voltage r.m.s. (fiat) 

For random noise in a unit band-width which increases with 
frequenry at a rate of 6 db/octave, 8 db greater noise can be 
tolerated., Such an allowance can be made for the noise appear-
ing at the output of a frequency-modulation system. 
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Thus, 

Black-to-white signal (peak-to-peak)  
44 db Noise voltage r.m.s. (tilted 6 db/octave) — 

(b) Periodic noise-40-55 db, depending upón frequency. 
(e) Impulsive noise-35-40 db, if there is not more than one 

pulse in a 10-second period. 

(6) Speed of Transient Reeponse.—Using a square waveform with 
a rise time not exceeding 0.05 microseepnds, the rise time from 
10 to 90 per cent of the overall amplitude should not exceed 
0-16 microseconds. 

(7) Amplitude/frequency Charaaeristie.—See Table 1. 
(8) Phase/frequency Characteristic.--See Table 2. 
(9) Limits for Overshoot and Echoes.—See Table 3. 

TABLE l .—AMPLITUDE /FREQUENCY CHARACTERISTIC 

Frequer,cy kola Up to 500 600-1,000 

Variation from nominal (db) ±1. ±1.5 

1,000-2,000 

±2.5 

TABLE 2.—PHASE /FREQUENCY CH.ARACTERISTIO 

,Frequency 200-2,000 2,000-2,500 

Variation from nominal 
Group Delay in micro-
seconds (see Appendix I) ±0-15 ± 0.25 

2,500-2,800 

±0.5 

TABLE 3.—LIMITS FOR OVERSHOOT AND ECHOES USING A SQUARE 
WAVEFORM WITH A RISE TIME NOT EXCEEDING 0.05 MICRO-. 
SECONDS 

Time after Response has Reached 
50% Ideal Amplitude 

Limits of Rapid Varia-
tion of Response, % of 

Ideal Anvplituds 

0-2-0.5 microsecond . 
0-5-1.0 microsecond . . 
1.0 microsecond or longer . 

±4 
±1 
±0-5 

Transmission standards for colour television have not been specified. 
In the United States and Canada broad-band radio-relay systems c ,•r_y 
colour-television programmes using a technique which allows exist% 
television receivers to accept the signals for monochrome reproduction. 
The transmission standards for colour transmission are /Mich more 
severe than for monochrome, and the following Rniumary indicates the 
order of the requirements that would be imposed upon a transmission. 
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system linking the camera to the broadcasting station for a 525-line 
system: 

(1) Amplitude reaponee: D.C. to 4.3 Mcis response ±- 2 dB 
relative to response at 200 kc/s. 

(2) Group delay characteristic— 

(a) The group delay variation over, the band of frequencies 
a D.C. to 4.3 Mcfs should not vary by more than. 100 mull-
microseconds for a test frequency of constant level. 

(b) A group delay variation in any part of the baseband, 
exceeding ± 1.0 milli-microseconds should not be produced by a 
change of signal level from zero to peak value. 

Similar compabible colour signals to European (625-line) standards 
would require a greater band-width, about 5 Mc/s, but the Group 
Delay requirements would be about the same. 

Multi-channel Telephony 
It is generally recognized that trunk radio circuits should comply with 

the agreed international recommendations for co-axial cables.8.1.16 
The detailed characteristics for radio circuits are still being studied 
internationally,t 1° and recent international meetings left no doubt that 
radio and cable links would have to operate together in one network. 

Noise from all causes is limited to 10,000 micro-micro-watts psopho-
metric (see Appendix II) at a point of zero relative level (1 mW) at the 
receiving terminal of a 2,500-km circuit.' This limit must not be 
exceeded for more than 1 per cent of the time during the busy hour. 
Of the 10,000 micro-micro-watts, 2,500 are allocated to the multiplex 
terminal equipments and the remainder is made up at the rate of 
3 micro-micro-watts per km. • 
Over a distance of 2,500 km a typical circuit would be required to 

make accessible channels assembled in supergroups (sixty channels) 
or groups (twelve channels) at nine intermediate points. 
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(a) Noise adding on power basis, including circuit; (b) noise tending to add on 
voltage basis. N is the psophometrie noise power at a point of zero relative level 
(1 mW) in an audio channel equal. to 10'. watts. 
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Fig. 1 shows a typical analysis for the contributions of circuit and 
distortion noise from various unibs of a radio system, with speech 
channels in frequency div5sion multiplex, frequency modulating the 
radio carrier. 

TABLE 4.—FREQUENCY DIVISION MULTIPLEX CHARACTERISTICS 

Number of Chorinela 
24 

(2 group., 
" 

60 
(1 super- 
group) 

120 
(2 super- 
groups) 

180 
(3 super- 
, groups) 

240 
(4 super-
role+) 

Channel test level, r.m.s. (dbm) 
(Zero relative level) . . 

Multi-channel level, r.m.s., long-
term average (dbm) . . 

Multi-channel level, r.m.s., ex-
ceeded 1% of the time (dbm) 

Random noise tact signal level, 
r.m.s. (dbm) . . . 

Sine-wave capacity required for 
multi-channel signals (r.m.s.) 

y ratio Sine-wavecapacity ( p) 

O 

- 1 

+ 7.5 

.-I- 7-5 

9. 5 

+19.5 ' 
12-108 

0 

+ 3 

+ 9 

+ 9 

10 

+20 
60-300 
300-552 

0 

+ 6 

+10.5 

+10.5 

n 

+21 
60-552 

0 

+ 7.5 

+11.5 

+11-6 

12 

+21-5 
60-804 

0 

+ 9 

+19 

+12 

is 

+22 
60 -1052 

Channel test level 
(dbm) 

Frequency band (kc/s) . . 

There are no universally agreed characteristics, but the figures given 
in Table 4 are representative of values generally accepted by engineers. 
Recent information accumulated by some telephone adininistrations 
indicates that the multi-channel level quoted above may be slightly 
high for speech circuits. However, for systems carrying data channels 
and compressed speech the loading can become higher. 
The choice of channel test level is purely arbitrary, and a level of 

O dbm is chosen for convenience. The long-term average r.m.s, multi-
channel level is of little value when considering system loading; it will 
be seen that the average power increases proportionately to the number 
of channels. The multi-channel r.m.s. level, which is only exceeded for 
1 per cent of the time under heaviest traffic loading, is taken as the 
important factor when noise due to inter-modulation effects is con-
sidered. This level is related to the fluctuating characteristic of speech 
mean power levels, but must not be confused with instantaneous power. 
The figures quoted are 2 db higher than those obtained by Holbrook and 
Dixon 13 for speech. This gives some margin for carrier breakthrough, 
voice-frequency telegraphy loading and pilot signals. For test purposes 
random noise can be used to simulate a multi-channel signal (see later 
under " Overall Performance" of F.D.M. transmission), and it is eon-
sidered that a reasonable test level is that of the r.m.s. multi-channel 
level which is only exceeded for 1 per cent of the time. The C.C.I.R. 
recommends a noise level of ( - 15 + 10 logioN) dbm when the number 
of channels (N) exceeds 240. This level is lower than would be sug-
gested by the above table, when the number of channels is less than 
about 1,000. 
The sine-wave capacity is also extremely important, because it defines 

the maximum voltage, or frequency excursion, that the transmission 
circuits must handle; the figures quoted are obtained from the results 
given in reference ", but a farther margin of up to 6 db is not unusual. 
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References 8 and 14 are relevant. 
The impedance at which circuits are connected at base-hand fre-

quencies is normally 75 ohms, unbalanced, except when only the groups 
between 12 and 552 kcis are used. Then the impedance may be 150 
ohms balanced. If co-axial cable circuits are attached to the input or 
output of the equipment, it is necessary to minimize reflections, and a 
minimum return loss of 20 dB is usually specified for all frequencies 
within the band. When the impedance is 75 ohms, the relative input 
and output power levels, per channel, to the radio equipment are recom-
mended to be — 52 and — 15 dbm, respectively.. 

TYPICAL FREQUENCY-MODULATION SYSTEMS 

In the simplest arrangement alternate links operate on alternate 
frequencies, f, and f,, see Fig. 2. The no and RETURN channels may use 
the same pair of frequencies, but these are staggered to make the trans-
mit and receive frequencies different at any one repeater station. 
Sometimes it is not possible to site the stations to avoid interference 
between the go and return channels, even when the radiated fields are 
cross-polarized. A " zig-zag" route can als6 lead to interference 
between links separated by two or more repeaters. In such cases 
additional frequencies are required, and it is not unusual to find that 
as many as twelve frequencies are required in some systems. 
The C.C.I.R. have recommended a preferred R.F. channel arrange-

ment for up to Six go and Six return channels each accommodating 
600 speech channels, and operating at frequencies above 1,000 Mc/s. 
This arrangement places the go channels in one group and the return 
channels in another. The inner channels of each group are separated 
by a guard band of 213 Mc/s, and the alternate channels within each 
group are radiated with vertical and horizontal polarization respectively. 
The frequency separation between these channels is 29 Mc/s. If 
additional R.F. channels are required, these would be placed half-way 
between the channels, separated by 29 Mc/s. It should be mentioned 
that most of the systems that have been installed have not used this 
frequency plan. Nevertheless, it is indicative of good practice. 
Almost all broad-band systems for television, and large numbers of 

speech channels, use frequency modulation. Most of the fundamental 
factors are discussed in reference 15. 

---.- GO CHANNEL 

l 
51 

I i Fk i 

i 1 

I 1 i I l 
I i I 
I 1 St h }iti  1. I 

I I 

I ) rii  

SIGNAL 

— se-ruse CHANNEL 

FIG. 2.—FREQUENCY PLAN FOR A BROAD-BAND RADIO SYSTEM. 
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Terminal Transmitters 

Although sufficient linearity is readily obtained for television trans-
mission, it becomes. one of the major problems when the number of 
speech channels exceeds a few hundred. A single television link 
requires a stability of not greater than several hundred kc is, but a long 
multi-channel speech system may require a frequency stability of 50-
100 kc/s. 

Fig. 3 shows block diagrams of typical transmitter terminals. Phase 
modulation (Fig. 3 (a)) of a low-frequency carrier, followed by frequency 
multiplication, can provide good linearity and adequate frequency 
stability without elaborate circuits. Difficulties, however, arise in 
suppressing unwanted frequencies, especially if any frequency conversion 
is necessary. Phase modulation is not satisfactory for television trans-
mission. Thus this process tende to be restricted to the transmission of 
fairly small numbers of speech channels, and is of particular importance 
for V.H.F. and lower U.H.F. systems. 
Frequency modulation at a frequency lower than the required radio 

frequency and translation by a frequency-mixing process to the required 
band is sometimes used in micro-wave systems." It has the 
advantage that the modulator can be carefully designed for operation 
on a shitable frequency, and the final frequency simply determined by a 
separate oscillator and filters. 

Velocity-modulated oscillators of the Klystron type can give reason-
ably linear frequency modulation by varying the reflector or resonator 
voltage relative to cathode.I. " 7, 18 In simple television links this 
oscillator usually feeds the aerial directly. For permanent systems 
radio-frequency amplification and isolation of the oscillator from the 
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aerial is obtained by triodes,'." or travelling wave tubes.". 2, The 
output power is usually of the order of a few watts. 

Frequency-modulated oscillators are not usually inherently stable in 
frequency, and automatic frequency control circuits apply correction 
voltages, to reduce the frequency error. These automatic-frequency-
control circuits are fundamentally conventional, but problems are 
introduced by the broad-band characteristic of the signal. For multi-
channel F.D.M. signals the frequency deviation, due to the modulation, 
has an aveyage vaK. of zero. Consequently, a discriminator followed 
by a low-pass filter with a cut-off just below the modulation band will 
have an output voltage proportional tb the error frequency. For tele-
' vision, the output of the discriminator is only " gated " during the 
period at the bottom of the synchronizing pulse. 
Both phase and frequency modulation characteristics are used. 

However, fixed noise and distortion noise usually limit the useful range 
of pre-emphasis, with an F.M. characteristic, to less than 10 db, and it is 
common to find no pre-em • '.asis in the large capacity systems. Fre-
quency deviation for a toi ..3 at channel test level ranges from 35 to 
200 kcis, r.m.s. for systems of 24-240 speech channels or more. 

Terminal Receivers 

Most of the present-day receivers use receivers of the heterodyne 
type. Local oscillators are of two types: (a) crystal-controlled oscil-
lators yrith fairly high orders of multiplication; and (b) frequency. 
controlled micro-wave oscillators with reference cavities. 
With the development of low noise travelling-wave tubes receivers 

are now being built with low distorticn and much improved noise 
factors. They are simpler to maintain, and have more freedom from 
spurious responses, but there are selectivity problems. 

It can be anticipated that the parametric amplifier will eventually 
replace the first travelling-wave tube, because of its lower noise factor. 

Repeaters 

There are two types of repeater station: 

(i) Back-to-back terminal transmitters and receivers. These 
are used where access to the modulation band is necessary for 
dropping and taking-up speech channels. 

(ii) Non-demodulating (or " through ") repeaters. Since no 
modulation, or demodulation, process is used, less distortion is 
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(a) Simple frequency shift repeater using intermediate-frequency amplification. 
(b) Frequency shift repeater using intermediate-frequency amplifization and in 

which the shift frequency is generated by a separate oscillator. 
(c) Frequency shift repeater using radio-frequency amplification. 

introduced by these repeaters than by the back-to-back terminals. 
Fig. 5 shows typical non-demodulating repeater arrangements. 

At a repeater it is usual to receive on one frequency and transmit on 
another. Fig. 5 (a) illustrates how this can be accomplished when most 
of the amplification is obtained at an intermediate frequency. 
Frequency errors are cumulative in a system which has repeaters, and 
cause increased distortion. Therefore in practice with such a rimple 
arrangement as shown in Fig. 5 (a) great frequency stability of the local 
oscillators would be required. If the local oscillators at a repeater are 
both tuned high, or both low, with reference to their respective channel 
frequencies, then the frequency shift introduced by the repeater is the 
frequency difference between the two oscillators. One way to deter-
mine accurately this difference frequency is to control both oscillators to 
a common frequency standard, such as the consecutive harmonics from 
a crystal. This introduces errors due to frequency control, and without 
frequency changing in the reference chain does not allow free choice of 
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channel frequencies. A variation which overcomes this disadvantage 
controls the first oscillator to a reference, and the second oscillator to 
maintain a constant difference frequency with the first." Fig. 6 (b) shows 
an alternative in which the shift frequency is added to that of the local 
oscillator. As the shift frequency is usually fairly small ( 35-200 Mc/s) 
and can be generated by a crystal oscillator, little frequency error is 
introduced." 
Except for the transmitter intermediate-frequency amplifier, the 

high-level mixer and the frequency shift circuits, a repeater includes 
unite of design similar to those used at the terminals. 

Fig. 5 (e) illustrates the possibility of a repeater in which all the gain 
is obtained at radio-frequency." With travelling-wave tubes the reflex 
,technique has been successfully employed. This saves one amplifier 
tube by using the same tube to amplify the signal at two different 
frequencies, that is before and after the mixer. In this way a repeater 
has been built using only three tubes. 

Limited channel-drop and insert facilities may be provided at 
" through " repeater stations by branching part of the amplified signal 
into a receiver, and modulating the shift oscillators. In this case, all 
the stations are essentially operating on an omnibus circuit and super-
impose new signals on existing ones. Consequently, such drop and 
insert facilities are usually restricted to the lower part of base-band, 
for example up to 108 ke/s. This would provide service, supervisory, 
remote control and twenty-four speech circuits. 

RECEIVED CARRIER POWER 

Allowance must be made for all the losses between the transmitter 
and input circuit of the receiver. 

P, = Pi - Afg - + G. — — + G., — Ai, — Af, 

where P, = received power in db relative to 1 watt; 
Pg = transmitted power in db relative to 1 watt; 
Aft = transmitter output-filter loss in db (see " Microwax o 

System Design "); 
Au = transmitter feeder loss in db (see " Microwave and V.H.F. 

System Design "); 
= transmitter aerial gain over isotropic radiator, in db (see 

" Microwave and V.H.F. System Design"); 
A, = normal free space propagation loss between isotropic 

radiators, in db (see " Path Loss ") ; 
= fading allowance, including additional path losses, in db 

(see " Path Loss"); 
G., = receiver-aerial gain over isotropic radiator, in db (see 

" Microwave and V.H.F. System Design"); 
At, = receiver feeder loss, in db (see " Microwave and V.H.F. 

System Design"); 
Afr =: receiver input-filter loss, in db (see " Microwave System 

Design"). 
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PATH LOSS 

Path loss receives much attention when a high-grade system is being 
designed, because economy demands the greatest possible spacing 
between repeaters. At the same time an uninterrupted high standard 
of performance must be guaranteed. 

It is conventional to express the noise level of high-grade corn-
munications systems as the value not exceeded for 99 per cent of the 
total time. It has been frequently accepted that the fluctuating level of 
circuit noise caused by changing path losses in a radio system should 
conform to this convention. However, a difficulty arises due to the 
variations of rate and duration of occurrences of fading through the 
year. For example, the level of noise exceeded for 1 per cent of the 
worst hour is very much more pessimistic than the level exceeded for 
1 per cent of, say, one year. 
In considering the loas of a link, it is usual to take the normal path 

loss and fading separately. If there are a number of links in cascade, 
some advantage is gained by the peak noise contributions from each 
link not being simultaneous, owing to unrelated fading behaviour. 
In a long system the increased noise due to fading is not usually of 

great importance. However, improved reliability and signal-to-noise 
ratio can be obtained by carrying the, same information over two radio 
circuits operating on different frequencies„ and combining the signals at 
the. receivers. 

U.H.F. and S.F. Path Lou 

The loss between two hypothetical isotropic radiators over a path well 
clear of Obstructions and interference is given by: 

20 log — db ro A 

where 1 is the path length, and A is the wavelength (both expressed in the 
same units). 

In addition to this loss there are other causes of attenuation: 

(a) Rain, Mist, Fog, Oxygen and Water Vapour."—Up to 
2,000 Mc /s attenuation due to these causes is insignificant. At 
2,000 Mays-absorption due to oxygen and water vapour will produce 
about 0.2 db lose over a 30-mile path. 
At 4,000 Mc/s the loas caused by rain and fog is slightly greater. 

Very heavy rain (20 mm. /hour) could increase losses by about 1 db 
over a 30-mile path. 
At 7,000 Mc/s heavy rain could cause a loss of 10 db over a 

30-mile path. 
At 10,000 Mc /s heavy rain could be a really important factor, 

causing losses of up to about 30 db over a 30-mile path. 
Above 30,000 Mc/s losses due to absorption and rain both become 

excessive. 
(b) Refraction Due to Water Vapour Content and Temperature 

Changed of the Air.—Reception is usually steady when the atmo-
sphere is turbulent, but under certain conditions the signal may be 
guided by variations in dielectric constant with height. Occasion-
ally the beam may be curved in such a way as not to reach the 
receiver. 23 In one reference 39 it is suggested that the effect of 
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bending of the radio beam is equivalent to a change of the effective 
radius of the from " flat-earth " to f radius. 

(c) Diffraction and Losses Due to the Wave Grazing an Obstacle.— 
It can be shown that the ray is bent by an obstacle in its path, and 
that losses can occur. Trees and buildings (whose heights are not 
usually included in survey maps) have often been the cause of the 
path loss being unexpectedly high. The loss is small with large 
clearance, and it is common practice to have aerials above the 
height at which the direct ray and a ray grazing the earth's surface 
are out of phase (that is having a difference in path length of 42). 
This is often referred to as the " First Fresnel Surface ", and the 
relationship between path length and clearance is: 

= A/(1/d, 
where h is minimum clearance is metres, and d1 and d, are the 
distances between the aerials and point of minimum clearance in 
mattes. For heights less than this the losses call be expected to 
increase, for example, with the line of sight grazing a ridge the 
losses may be 5 db. For greater heights the normal received signal 
level changes by only about ± 1 db with change of height. 
When the path is over a surface which will produce good re-

flection," such as water, snow, or salt fiats, the effect of clearance 
on signal level is more pronounced and the elevation of the aerials 
is chosen to optimize the variation. Elevations to provide a mini-
mum clearance of 0-25 first Fresnel zone assuming earth radius, 
to 1.7 for a flat earth are considered to be about optimum. 

(d) Two-path Interference.—This is due to the variations of 
relative phases and amplitudes of the signal arriving by two 
different paths. These signals interfere and produce the character-
istic cusp-shaped graph of received-signal strength against time. 
It has been observed that two-path interference often becomes 
appreciable only when the direct ray is reduced in strength. 
Multiple rays can result from the cause in (b)." 

Fig. 6 shows the usual method of examining the route. 

............................ 
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FIG. 7 —RELIABILITY OVER A 
CLEAR LAND ROUTE OF 40 
M ILES ON VARIOUS FRE-

QUENCIES. 

(Durkee, 1 August 1943 to 
1 February 1945) 

For a smooth earth the 
height of the aerials in feet 
necessary to obtain 50 ft. 
ground clearance is approx-
imately : 

/2 
u + 50 

where / is the path length 
in miles. 

Overall variations of path 
loss have been measured by 
Durkee 22 for frequencius of 
710, 3,000, 4,610 and 9,380 
Mc is, and the results of his 
tests over a 40-mile clear 
overland path are given in 
Fig. 7. 
The choice of polarization 

of the wave has negligible 
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effect on fading. So far results have indicated that fading is worse over 
sea than over land paths. 

V.H.F. Path Loss 

Systems using the V.H.F. bands frequently operate over ranges in 
excess of optical clearance. Fig. 8, which is constructed from data due 
to K. Bullington,25 gives the general relationship between aerial heights, 
distance and loss. 
Ranges in excess of optical are largely attributable to refraction, 

which causes the beam to follow the earth's curvature. For con-
venience engineers have often preferred to think of the beam as straight, 
and the additional range being obtained by increased radius of curvature 
of the earth. The effect of variations in refraction are very important 
in considering the stability of signal level. The average value fbr the 
effective radius of the earth is about' 4/3 true radius, but variations 
between } true radius and twice true radius have been observed. 

Fading is important only for ranges in excess of 25 miles: it is worse 
for oversee paths than for overland paths. High path attenuation is 
usually associated with large fading ranges, and ranges of more than 
40 db over sea routes and 30 db over land routes are reached. 

MICRO-WAVE SYSTEM DESIGN 

Broad-band radio systems aro relatively new, and development is 
still rapid. 

Modulators • 

Reflex Klystron oscillators are used to generate a frequency. 
modulated carrier. AP,nough the output level is about 1 watt, in 
permanent systems it is usual to connect the klystron into an attenuator 
(about 17-25 db) followed by a buffer amplifier, or a ferrite isolator, to 
remove the distortion effects of echoes in connecting cables. Portable 
televia'on equipments generally have the modulator mounted behind the 
mirror and use no buffer amplifier. 
Frequency modulation at a low frequency is obtained with various 

types of" phase-shift " oscillators. The mean frequency is often chosen 
to be the same as the receiver intermediate frequency to allow easy 
back-to-back testa, and to have a similar transmitter intermediate-
frequency amplifier at terminals and repeaters. 

Local Oscillators 

Klystrons are used for this purpose in the higher-frequency bands, 
and automatic frequency control voltage is usually obtained from a 
discriminator and applied to the reflector of the klystron. Mechanical 
control has also been used. Triodes using quarter-wave (or three-
quart9r wave) anode circuits and three-quarter (or five-quarter wave) 
cathode circuits work very well up to about 4,000 Mc /s. The output 
noise, including microphony, is low. Frequency control is obtained by 
mechanical means, such as an auxiliary stub and bridge, or moving 
plunger. 

Crystal oscillators working in the range of 10-60 Mc/s, and followed 
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by multiplier stages using tetrodes,. pentodes, U.H.F. triodes and 
klystrons are in current use. To avoid spurious responses low-multiples 
per stage are used, and good screening and filtering are essential. 

Radio-frequency Amplifiers 

There are two types of amplifier in general use: 

(i) the triode; 
(ii) the travelling wave tube. 

Triodes have been used up to a little over 4,000 Mc /s.s." Travelling 
wave tubes of various types have been made with the object of obtaining 
a specific characteristic such as a noise factor of better than 10 db, a 
gain of 25 db or more or a power output of many watts. 18.2* 

Travelling-wave tubes have their beams focused by magnetic means 
using a solenoid, a barrel-shaped permanent magnet or periodically 
inverted ring magnets. Permanent magnets make the tubes expensive, 
consequently many designers prefer the solenoid, which also provides 
easy adjustment of the field. Electrostatic focusing has also been used. 
Travelling-wave tubes using electromagnetic focusing have achieved 
long operating lives, averaging about 15,000 hours. 

Radio-frequency Filters 

R.F. filters play a very important part in radio relay systems. Pairs 
of band-pass filters, tuned to different R.F. channels and coupled to a 
common feeder, make it possible for a transmitter and receiver to 
share the same aerial. More elaborate sets of filters make it possible for 
many go and return channels to use the same broad-band aerial. There 
are considerable problems in coupling a number of filters together, and 
there are several ingenious arrangements using R.F. hybrids and circu-
lators which give some isolation between branches. 
At 1,000 and 2,000 Mc /s co-axial stub radio-frequency filters are very 

convenient. For 4,000 Mc /s and above waveguide filters are more 
suitable. 

Filter losses usually amount to less than 1 db, but may be slightly 
greater if one aerial is shared by several transmitters or receivers. 

Mixers 

Up to the present co-axially mounted silicon crystals have been used 
in receiver mixers of the co-axial and waveguide types. An overall 
noise factor, including the intermediate-frequency amplifier, of between 
12 and 15 db is typical. 
Balanced mixers are sometimes used to reject local oscillator noise, 

but this does not appear necessary with triode oscillators. 
Transmitter mixing is accomplished by triode mixers operating at a 

fairly high level, travelling-wave-tube modulation (phase or amplitude). 
or silicon crystals operating at medium levels. 

Intermediate-frequency Amplifiers 

These have been designed to have band-widths of over 30 Mc /s,8.17 
but a band-width of about 16 3fc/s is typical. In a receiver without 
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radio-frequency amplification the total gain available between the 
mixer and the input to the discriminator unit is usually between 60 and 
90 db, depending upon the channels carried. This gain normally allows 
a reasonable fading range to follow the carrier down to peak-noise level 
(about 30 db), and a margin for loss of gain due to valve ageing (about 
1 db per stage). 
The choice of intermediate frequency is a compromise between: 

(a) a high frequency to approach arithmetic symmetry of 
coupling circuit response and easy image rejection; 

(b) a low frequency to obtain high input impedances to the valve 
stages and to have good control over the effective component values. 
Stability is more easily obtained at low frequencies. 

Amplifiers have been designed for mid-frequencies ranging from about 
30-150 Mc/a, frequencies of 60 and 70 'Weis are popular. The C.C.I.R. 
recommends 70 Mcis for carrier frequencies above 1,000 Mc/s. 
In the present broad-band systems, although frequency modulation 

is used, it is necessary to have automatic gain control. This is due to 
the difficulty in designing really effective limiters. In practice, a 
limiter can only have good broad-band compression of amplitude over a 
small range of mean input signal level, therefore it is necessary for the 
automatic gain control to reduce the amplitude of variation by some-
thing of the order of 20: L 
With frequency modulation, amplitude and phase characteristics of 

the amplifier are equally important, particularly over the centre part of 
the band (very roughly 50 pér cent) in which most of the energy is con-
centrated. It is therefore common practice to include phase-equalizer 
sections in the) amplifiers to improve the phase linearity of an amplifier 
which is otherwise designed to have a sufficiently fiat amplitude 
characteristic. 
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With the requirement of high gain and wide band-width, the figure of 
merit (see Appendix IV) of the amplifier valves is very important. It 
can easily be shown that with a given valve and coupling circuit there is 
a limit to the gain and band-width which can be obtained with single. 
valve stages in cascade. The limit is set when the addition of valves 
ceases to increase either the gain or band-width. This is demon-
strated by Fig. 9, which shows the number of valves required as a 
function of figure of merit for an overall gain of 90 db*with various band-
widths. It is desirable to use a valve with a figure of merit high enough 
to get away from the near vertical part of the curve. If valves of low 
figure of merit are used the stability of gain of the amplifier suffers, and 
often the reliability is poor because of the large number of components 
and high dissipation of the unit. 
The choice of interstage coupling is a compromise between complexity, 

with difficulty of alignment, and simplicity, with inferior stage gain. 
Staggered tuning is very common, especially staggered triplets. 
Staggered tuning is not suitable for high-level stages, due to power-
handling problems, and such circuits as compensated band-pass and 
mutually coupled pairs are used. 
Although pentodes and tetrodes are in general use for obtaining most 

of the gain in the amplifier, they are too noisy for the early stages. Two 
or more stages of triodes with grounded grids, sometimes combined with 
stages which have grounded cathode connections, usually form the low 
noise pre-amplifier.27•28 

Discriminators and Limiters 

For television transmission a compression factor of 10-15 db is usually 
sufficient, but for multi-channel speech better limiting is necessary. 
Grid limiters, fast automatic gain control and crystal limiters are 
used. 
By far the most commonly used discriminator for broadband systems 

works at intermediate frequency, and consists of two tuned circuits fed 
by separate amplifiers. One circuit is tuned above the centre frequency, 
and the other below. 
The discriminator is followed by a highly stable base-band amplifier, 

and sometimes • the service channels are separated and amplified 
separately. 

Miscellaneous Circuits 

It is fairly common practice to originate a tone in the frequency 
band of 3-3-7 kcis at the terminal transmitter. This is used as a pilot 
signal to indicate that the channel is performing correctly. 
At each receiver noise is usually measured in a channel at a frequency 

above, or below, the band required by the television signal, or the 
multiplex channels. A high level of noise indicates a faulty condition. 

Transmitter output power is almost always monitored. 
The occurrence of a faulty condition brings into action automatic 

change-over equipment, which replaces faulty units by reserve units. 
Other ancillary circuits are provided to " squelch " rapidly a noisy 
equipment in order to prevent the noise being amplified by the system 
and causing interference. Similarly, circuits are provided to substitute 
a new carrier, or pilot, in the event of a failure. 
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Aerials and Feeders 

Paraboloid reflectors, horns and lenses from about 4 to 12 ft. in 
diameter are used to obtain high gain and directivity. The gain," 
relative to an isotropic radiator, is given by: 

D 
10 log,, •rj db 

where A is the wavelength, D is the reflector diameter (both expressed in 
same units), and the approximate angle of the beam at half-power points 

70A 
is T, degrees (this makes some allowance for uneven illumination). 

The illumination factor (n), which is usually between Ô-6 and 0-76, 
defines the efficiency of the launching device in making full use of the 
projected area of the mirror (or lens) by even illumination and correct 
wave front. A dipole can be used to launch the signal into the mirror, 
but better results are usually obtained with a waveguide-launening 
device which incorporates flares to control the angle of illumination. 
To avoid excessive side lobes it is necessary for the launching device to 
reduce the illumination to a low value at the edges of the mirror. 
Very accurate matching (to obtain a standing-wave ratio always 

better than 0-85 and often approaching 0-971 between the feeder and the 
aerial is essential. 

Below 2,000 Mcis co-axial cables are used for aerial feeders, at 
2.000 McIs both co-axial cables and waveguides are used, while at higher 
frequencies waveguides are nearly always used for long runs. 
An estimate of feeder losses can be obtained from tho following two 

expressions: 

(a) Air-spaced co-axial cable with copper inner conductor, the 
attenuation is approximately 

0-026 VI ID db per 100 ft. 

where f is the frequency of operation in Mc/e, and D is the inside 
diameter of outer conductor in inches. 

(b) Copper rectangular waveguide with cut-off frequency equal 
to 0-7 operating frequency, the attenuation is approximately 

0-04Cia db per 100 ft. 

where f is the frequency of operation in 111c/s, and b is the internal 
width of guide in inches. 

Towers and Masts. 

The stability of the aerial-supporting structure is very important 
because the high gain antennas used with micro-wave systems have 
very narrow beam widths. Under high wind conditions most difficulty 
is experienced with turning moments rather than with vertical de-
flection. 

Self-supporting towers, similar to those used for power distribution, 
but usually with added struts to give rigidity have most frequently been 
used. However, guyed masts are very attractive, as they aï.e less 
expensive, easier to install and have greater rigix:;ty. These guyed 
masts are often of lattice construction and with. triangular or square 
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cross-section. All are equipped with aircraft warning lights and beacons, 
according to height. 
Tho effect of wind an ice must be considered, and the increased 

weight and wind resistance allowed for. In arctic zones allowance for 
ice is usually 2 in. radius for low wind velocities and 4- in, radius for gusts 
of 120 m.p.h. 
Wind loading for various structures is proportional to the surface 

area and depends upon the direction of the wind; the maximum force is 
given by: 0-0046. V' . S lb./sq. ft. of projected area, where V is the 
wind velocity in miles per hour and S is the shape factor of the surface 
being considered: 

Square flat plate . • S =- 1 
Tubes and rods . • S = 0-67 
Angles (flat) . . . • S = 1-16 
Parabolic reflector ( front) . • S = 1.2 ' 
Parabolic reflector (back) .•  S = 0.7 
90° cone . . . • 8 = 0.75 
60° cone • S = 0-51 

Adequate lightning arresters and ground mats must alwayz be 
provided. 

Power Supplies and Diesel-generator Units 

A.C. power supplies are usually voltage regulated to 2 per cent for 
valve heaters and power packs, and H.T. voltage stabilization is 
generally required for supplies to oscillators, modulators, travelling. 
wave tubes and intermediate-frequency amplifiers. In the case of 
travelling-wave tubes a current-stabilized supply may also be required for 
the focusing coils. The H.T. voltages vary from about 250 volts for 
small triodes to over 3,000 volts for some travelling-wave tubes. 

Silicon rectifiers are usually preferred because of their long life and 
efficiency. Their low voltage drop is of considerable advantage in 
voltage-regulated supplies. 
When high reliability of the communications system is essential 

standby diesel-generator sets can provide a no-break power-supply 
service. Atypical method uses an alternator running as a synchronous 
motor across the primary supply. Directly coupled to this motor is a 
large flywheel. A diesel engine, with an electric starter, may be coupled 
to the alternator and flywheel through a centrifugal clutch. If the 
primary supply fails, the field of the motor is increased, and it then 
supplies power to the load from the energy stored in the flywheel. 
Within about 6 seconds the diesel has started and run up to speed. 
%%lien the speed equals that of the flywheel the clutch engages. Stand-
by battery systems using motor-alternators and transistors are also 

Supervisory Facilities 

It is not unusual to provide elaborate supervisory and remote-control 
equipment to bring into service stand-by equipment in the event of a 
fault developing in the active equipment. An alternative to complete 
sets of stand-by equipment at each station is to have a spare equipped 
radio-frequency channel available to take over the traffic from any one 
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of several active channels. Since one fault can put a complete section 
out of action, instead of part of the equipment at one station, this 
alternative, although it has economic advantages, demands a very much 
higher standard of reliability than the stand-by equipment for each 
unit. 

V.H.F. SYSTEM DESIGN 

Since in many ways the micro-wave multi-channel systems have 
evolved from multi-channel V.H.F. systems, there is a considerable 
similarity in the general features."." However, the smaller number of 
channels, seldom exceeding forty-eight, and the somewhat less stringent 
signal-to-noise performance often required, together with the lower 
carrier frequencies, have tended to make V.H.F. multi-channel systems 
simpler in design. 

Transmitters use frequency or phase modulators. Typical automatic 
frequency control circuits apply the difference frequency between the 
modulated carrier and a frequency originating from a quartz-crystal 
oscillator to a frequency discriminator. 
The D.C. output from the discriminator is then used to control the 

mean frequency of the modulator. In transmitters which use phase 
modulators the carrier-frequency source is a quartz-crystal oscillator. 
Output powers vary between about 20 and 250 watts, and radio. 

frequency power amplifiers use triodes and double tetrodes. When 
twenty-four channels are required the standard speech channel spacing 
is normally used, and the two groups covering 12-108 kc/s are trans-
mitted. 

Receivers have radio-frequency band-widths of 0.5-2 Mc/s, and noise 
factors of 6 or 7 db are typical. 
Many types of aerials are in use. As much gain as reasonable 

dimensions will permit is often the first aim, and the aerials are usually 
supported by simple guyed towers or masts. Common transmit and 
receive aerials with good matching at the two separate frequencies are 
available. 
Some typical aerials are six-element Yogis with a gain of 8-10 db 

stacked in pairs or fours, helical aerials with a gain of 12-14 db and 
broadside arrays of eight dipoles with a gain of about 14 db. 

MEASURING TECHNIQUES FOR FREQUENCY-MODULATION 
SYSTEMS 

Measuring *techniques can be broadly divided into two classes: 

(i) those for examining overall system performance; 
(ii) those for adjustment and routine inspection of units. 

Overall Performance 
Television Transmission 

One method of measuring group delay over the band of 100 kc/s to 
10 Mois is described in reference ". A 100-kepi sine-wave is used to 
generate a short pulse with a repetition rate of 100 kc/s, and with sub-
stantial harmonics up. to 10 Mc /s. After this pulse has been trans-
mitted through the circuit under test the harmonic components will have 
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suffered various attenuations and delays. In other words, a distorted 
pulse will appear at the output of the circuit. 
The relative delays between each of the harmonics of the distorted 

pulse and those of a new pulse generated from the received 100-kc/s 
component are separately measured. At each frequency a minimum 
output from a selective detector is obtained by adjustment of the 
amplitudes of the harmonics to be equal but with their phases in 
opposition. The phases of the frequency components of the new pulse 
are controlled by phase shifting the 100-kc is fundamental, and this 
control is calibrated in delay time, in fractions of a microsecond. Thus 
by tuning the selective detector to each harmonic in turn, the amplitude 
and delay controls give attenuation and delay for each frequency, and a 
graph of the transmission characteristic can be plotted. 
An alternative method" of measuring group delay uses the principle 

of an exploring carrier to cover the frequency range of 200 kc/s to 
5 Mc /s. This exploring-carrier is modulated by a low-frequency signal 
(60 ke/s) and transmitted by the circuit under test. A reference 80-kc/s 
signal is also conveyed by the test circuit, and is used to generate a time-
base for application to the X plates of a cathode-ray-tube indicator. 
At the receiv.er a short pulse is generated from the " exploring " 

60-kejs signal, and this is applied to the Y plates of the indicator. 
Measurements of changes of delay are made from a calibrated phase-
shifter in the reference circuit, which is used to position the pulse against 
a cursor at the centre of the screen. 
Frequency response (attenuation/frequency characteristic) can be 

measured with standard transmission measuring equipment or a 
variable-frequency signal generator, attenuator and output-level 
indicator." 

Frequency, phase and transient responze characteristics can no very 
rapidly checked by pulse techniques. An example of this" uses a sine 
squared pulse (0-05, 0-1 or 0.34 microseconds duration at half-height). 
At the output of the transmission circuit the height, duration and over-
shoot of the pulse is observed. 

Linearity," which is expressed as a change of the slope of the input-
amplitude/output-amplitude curve, can be measured by superimposing 
a very small amplitude high-frequency signal (50 ke/s) on a low-fre-
quency saw-tooth or sine-wave (250 e /8) of amplitude swing sufficient 
to examine the full amplitude range of the system. At the receiver end 
of the system the variation of the level of the high-frequency signal is a 
direct indication of change of slope, and may be conveniently displayed 
(Y deflection) against the large signal (X deflection). 
Noise level is often measured as the power falling into narrow bands 

(4 or 6 kc /s wide) tuned to various frequencies in the base-band. If the 
levels are then plotted against frequency, the frequency distribution of 
the noise is apparent. 
For the functional testing of links a pulse generator which produces 

a standard 405-line 50-frame interlaced synchronizing waveform and 
various y' le test signals is attractive." 

Multi-channel F.D.M. Transmission 

Linearit-7 may be measured by the injection of two tones into the 
modulator and the measurement of the inter-modulation products at the 
output of the demodulator. Although such a test is frequently called 
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for in a specification, it is not a very satisfactory method of assessing 
overall distortion and obtaining correct adjustment of a frequency-
modulation system. This is due to the dependence of distortion on 
modulation frequency and the possibility of critical compensation 
between distortion products from several causes. 
An alternative method simulates the multi-channel F.D.M. signal by a 

random noise spectrum with appropriate loading levels as given in 
Table 4. The linearity of the system determines the amount of inter. 
modulation noise produced. This can be measured at different parts 
of the band by leaving small gaps in the transmitted noise spectrum 
substantially free of noise. At the receiver the noise level in the gaps is 
measured. If the transmitted noise spectrum is suppressed, the noise 
received in the gaps will, of course, be due to circuit noise. 
Group delay at base-band frequencies is not usually of importance, 

but it can be measured by the techniques described for television 
transmission. 
The attenuation/frequency characteristic requires accurate measure-

ment, but standard cable-transmission equipment is satisfa:ctory for 
this purpose. 

Unit Test Equipmeht 

A list of instruments gives a general picture of the test facilities 
required. 

Radio-frequency Circuits, Filters and Aerials 
(i) Radio-frequency signal generator with precision attenuator.. 

(ii) Radio-frequency test receiver. 
(iii) Standing-wave line, or slotted waveguide. 
(iv) Precision matched loads. 
(v) Fixed radio-frequency attenuators. 
(vi) Wattmeter. 
(vii) Frequency scanner (for circuit alignment). 
(viii) Wavemeter. 

Intermediate-frequency Circuits 

(i) Intermediate-frequency signal generator. 
(ii) Intermediate-frequency level detectors. 

(iii) Group delay and amplitude response display equipment. 
(iv) Intermediate-frequency impedance bridge. 
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APPENDICES 

L Group Delay 

A transmission circuit will introduce distortion of a signal by con-
veying the various component frequencies at different velocities. A 
linear phase characteristic (i.e., phase shift due to the transmission 
network is proportional to frequency) introduces no phase distortion; 
it may be shown that all component frequencies of the signal are equally 
delayed. It is convenient to specify the transmission characteristic by 
the slope of the phase characteristic (phase versus frequency); this 
quantity has the dimension of time, and is defined as group delay. 

It is usual to express the characteristic in two parts: the constant 
average delay which introduces no distortion, and group delay varia-
tion with frequency which causes distortion. Thus reference is seldom 
made to the average delay of a transmission circuit, and only the 
variation of group delay is considered. 

IL Psophometrio Weighting 
• 

The importance of noise to a listener at different frequencies in the 
audio band varies. The psophometric noise level is the level of flat 
noise in a given band that would be measured by a psophometer with its 
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frequency response weighted according to the effects of various fre-
quencies on a listener. This weighting is recognized internationally, 
see references 11 and 12. The permissible " fiat noise is higher than 
the psophometric noise level, and the correction factor for a 300-
3,400-kcis speech channel is 3-4 db. 
The weighting in Table 5 has been obtained from references 11 and 11. 
A useful summary of American practico, which differs considerably 

from European, is given in reference 4°. 

M. Noise Power at Input of Receiver 

Noise factor is defined as: 

iPni 

PeobP» 

where is tho input signal-to-noise power ratio before being affected 

by the receiver, and Pe is the output signal-to-noise power ratio, 

including the noise contribution of the receiver. 

TABLE 5.— PSOPROMETRIO W EIGHTING 

(1) Telephone Channel 

CIA 
Gain Relative to 
Gain at 800 

(db) 

50 
100 
150 
200 
300 
400 
500 
600 
800 

—63 
—41 
—29 
—21 
—10.6 
— 6.3 
— 3.6, 
— 2.0 
o 

Cis 

1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
5,000 

Gain Relative to 
Gairi at 800 

cls (db) 

+ 1 
— 1.3 
— 3 
— 4.2 
— 5.6 
— 8.5 
— 15 
— 36 

(2) Programme Channel 

C/8 
Gain Relative to 
Gain at 1,000 

cls (db) 
C,s 

Gain Relative to 
Gain at 1,000 

cls (db) 

60 ' —32.2 4,000 +8.2 
100 —26.1 5,000 +84 
200 —17.3 6,000 +8.2 
400 — 8.8 7,000 +7.3 
800 — 1.9 8,000 +5.1 

1,000 0 9,000 —0.3 
2,000 + 5.3 10,000 0.7— 
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In broad-band systems it is usual to match the aerial and feeder to the 
input circuit. The input signal (P,,) is calculated for matched condi-
tions: therefore the noise (P„i) must be expressed as the power developed 
in the same load. This power will be one-quarter of the value that could 
be generated by the aerial resistance. 
The power generated by the aerial resistance is 

= 4KT watts per c/s band-width 

where K = Boltzman's Constant =- 1.37 x 10-,3 joules per degree 
Kelvin (absolute); 

T = absolute temperature = 290° Kelvin i (assuming tem-
perature is 17° C.). 

Therefore, P., = 4 x 1.37 x 10-" x 290 watts per cis band-width 
= 1-59 x 10-2° watts per c/s band-width 
= — 198 dbW per c/s band-width. 

The,noise power (P„,) available at the input of the receiver, which is 
IP„,, is — 204 dbW. The receiver has a noise factor of 12 db, and if the 
actual noise power is ref( rod to the input of the receiver (i.e., P,1 = P,,, 
in the above definition of noise factor) the noise power 

P. = —204 dbW.  -I- 12 db = — 192 dbW per cis band-width 

For a further discourse on Noise Factor see, for example, Section 42 
or reference 21. 

IV. errre of Merit 

This is 
27TC 

where = mutual conductance of valve; 
C, = input + output + stray capacitances of valve and coupling 

circuit. 
J. E. B. 
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18. RADIO NAVIGATION AND RADAR 

RADIO DIRECTION FINDING 

The chief applications of normal direction-finding equipment are: 

(a) for fixing the bearings of a ship or aircraft, and 
(b) for " homing " under conditions of poor visibility, e.g., in 

fog or at night time. 

Radiation 

Associated with every inductance through which a current pasees is 
a magnetic field. Likewise an electrostatic field exista between the 
electrodes of a capacitor. Long before radio communication became a 
commercial undertaking it had been deduced mathematically that the 
acceleration of an electric charge will produce an electromagnetic wave 
in space. This wave comprises an electric field at right angles to a 
magnetic field. An oscillatory circuit which is capable of radiating 
energy in this way is known as an open or radiating circuit. 

Electromagnetic waves convey energy from the source, either in all 
directions or confined to certain specified directions according to the 
design of the radiating system and other factors. The radiation 
from a vertical wire or loop produces a magnetic field horizontally and 
at right angles to the direction of the transmitting station and an 
electrostatic field perpendicular to the surface of the earth, as shown in 
Fig. 1. 

Loop Aerials 

It will be seen, therefore, that high-frequency radiation at the 
receiving station can be detected through either the electrostatic or 
electromagnetic component. In Fig. 2, the arrow indicates the direction 
of the transmitter from the receiver and the rectangular coil of wire 
represents a closed loop forming, with a capacitor, a circuit tuned to 
the transmitter frequency. In Fig. 2 (a) the plane of the loop is per-
pendicular to the direction of signal transmission and parallel to the 
wave front, so that the magnetic component induces no current in the 
loop. The electrostatic component m the ideal case induces equal 
e.m.f.s in the vertical limbs, and these on one side oppose those on 
the op?osite side, so that the resultant current is zero. In Fig. 2 (b) 
the linkage of the magnetic component of the field with the loop is a 
maximum, and maximum oscillatory currents are induced in the 
tuned circuit. 
Thus the signal strength in a receiver with a frame aerial, assuming 

there are no disturbing influences, depende on the orientation of the 
plane of the loop, and is greatest when this plane coincides with the 
direction of the transmitting station, decreasing to a minimum and 
theoretically zero as the loop is rotated through 90°. The direction of 

18-2 
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FIG. 1.—RADIATION OP ELECTROMAGNETIC W AVES. 

(a) Plane of loop parallel to wave 
front and perpendicular to direc-
tion of transmitter. Minimum 
current induced in loop. 

(b) Plane of loop perpendicular to 
wave front and parallel to the line 
of signal approach. Maximum 
current induced in loop. 

(b) 

Fro. 2.—Loop AERIALS. 

Arrow indicates direction of approach of signals 
from transmitter. 
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( a) SIGNALS (b) SIGNALS MAXIMUM 
SIC ION OF LOOP AERIALS 

PRECTION OF 
TRANSMITTER 

(C) 
SIGNALS PROPORTIONAL TO 
AS. IA 20 MN a WHLRE 

IS DIRECTION OF 
TRANSMITTER TO PLANE 
or COIL AND d THE 
DIAMETER OF THE CIRCLE 
POLAR DIAGRAM HENCE 
CALLED COSINE CURVE 

3.—FIGITILE-Or•EIGHT POLAR DI.:.GRAM Ow LOOP AERIAL. 

FIG. 4.-8CHEMATIO ARRANGE-
hIENT OP CIRCUIT SHOWING PRIN-
CIPLE or Sassa DETERMINATION 
WITH OPEN AND LOOP AERIALS. 
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the signal approach can, there-
fore, be determined by finding 
the position of the loop in which 
signals are either a maximum or 
a minimum. 

In practice, the point of mini-
mum signal strength is used for 
determining signal direction. 
When signals are weak, it may 
be possible to turn the frame 
through an appreciable angle 
about the minimum point with-
out any signals being heard at 
all. To assist in deciding where 
the true zero is, it is usual to 
take what are called swing 
bearings, i.e., matching the in-
tensity on either side of the 
indefinite minimum, the mid-
way position between the equal 
readings being the true zero. 

Bearings 

Theoretically, the relation 
between signal strength and 
frame orientation can be depicted by a ngure-of-eight polar diagram 
(Fig. 3), in which the double chord drawn through the common tangent 
point is proportional to the signal intensity when the plane of the 
frame makes an angle, say X, to the direction of signal approach. 

If we imagine the line of centres of the polar diagram to coincide 
with the plane of the frame aerial and to rotate with it about the point 
0, the signal strength will be proportional to A,B,. Thus, if the frame 
is turned till the signals are at maximum, say X, (Fig. 3 (a)), and then 
set so that the plane of the coil is in the line of flight, in which position 
the signal strength is X,, then X,/X, = cos a, where a is the bearing of 
the transmitter station from the line of flight. More simply this 
information can be obtained by attaching a pointer to the frame, so 
that it moves over a fixed circular scale graduated in degrees. 

Such observations with a frame aerial, assuming the absence of other 
errors, will determine only the direction of the transmitter, but will 
give no indication as to wIrther it is in front of or behind the receiver. 

CIRCLE DIAGRAM DUE TO OPEN 
(NON DIRECTIONAL) AERIAL 

FIGURE 8 CURVE DUE TO LOOP AERIAL 

.........„--,--:-•••,..... 

• , 

i 

RESULTANT CARDI010 CURVE 

FIG. 0.—CARDIOID DIAGRAM. 

Sense Determination 
The ambiguity which is thus possible is overcome by the use of an 

open or non-directional aerial in conjunction with the frame aerial and 
feeding into the same receiver. The principle of this combination is 
shown in Fig. 4. An open aerial, being non-directional, produces a 
circular polar curve, and can be made to circumscribe the figure-of-eight 
by adjusting the signal strength relative to that received from the frame 
aerial. If, now, the signals due to the open aerial are exactly in phase 
with those due to one limb of the figure-of-eight, those in the opposite 
limb will be in anti-phase. The two curves can thus be combined 
vectorially, resulting in a cardioid or heart-shaped curve (Fig.5). 

E E 
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In principle, therefore, a com-
plete observation consists in 
determining first the bearing 
of the transmitter station by 
means of the frame aerial alone, 
as previously outlined. This 
fixes the AB direction. The 
open aerial is then brought into 
circuit and signal strength ob-
served first with the frame in 
one position and then with the 
frame reversed, either turned 
through 180° or reversed in con-
nection by means of a change. 
over switch. These readings 
will correspond respectively 
with A,B, and AiBi, which 
can be distinguished in direc-
tion by their relative • magni-
tude (Fig. 5). 
The basic principles of the 

circuit are shown in Fig. 4, of 
FIG. 6. —PRINCIPLE OF COMBINED OPEN which many modifications are 

in use. It yill be clear that 
this principle, though simple, 

depends in practice for its success on the absence of disturbances 
which falsify the readings. Practical apparatus for direction finding 
is often elaborate because it must include accessories for securing the 
three essentials which the application of these principles demands, viz.: 
(1) elimination of reception errors; (2) correct phasing of frame and 
open aerial signals; (3) correct relative signal intensity in the two cases. 
The open aerial employed to secure a cardioid diagram is not, as 

shown in Fig. 4, essentially a separate conductor. The electrical centre 
of the coil, which does not necessarily coincide with the geometrical 
centre owing to differences in capacitance of the two sections, can be 
used for this purpose with an adjustable resistance for securing correct 
relative signal intensity. This arrangement is shown diagrammatically 
in Fig. 6. 

AND LOOP AERIAL. 

Errors 

Though simple in theory, the use of the frame aerial for direction 
finding is liable to disturbances from several sources, and correction of 
possible errors is essential before reliability can be secured. The 
principle causes of inaccuracy are: 

(1) Aerial, or Out-of-phase, Vertical Effect. This arises from 
unequal e.m.f.s being induced in the two vertical limits of the frame 
owing to slight differences in their respective capacities to earth, 
producing a distortion of the polar diagram. Vertical error is pro-
portional to the linear dimensions of the frame, while signal 
strength is proportional to the square of these dimensions, so that 
its effect is less the larger the frame. The error is independent of 
the orientation of the frame. Correction of aerial effect can be 
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secured by the use of a symmetrical design of frame with an earthed 
electrical centre and by suitable earthed shielding to eliminate 
electrostatic coupling between aerial and tuned grid circuits. 

(2) Direct Pick-up. This cause of trouble is avoided by the 
uso of suitably disposed earthed shields. 

(3) Quadrature, or Random-phased Re-radiation from Nearby 
Conductors. If large enough, it may so distort the polar diagram 
as to make it approach a circle and give uncertain readings in 
any direction. To a lesser degree, it results in an indefinite zero 
in the polar diagram. 

(4) Displacement Currents, if the Turns of the Frame are not All 
Co-planar. The frame is then equivalent to a tall thin coil when 
viewed edgewise, and this results in a smaller figure-of-eight diagram 
at right angles to the main one. Tho not result is again to flatten 
the zero. The obvious method of correcting this error by using 
pancake coils results in an increase in out-of-phase vertical effect. 

Bellini-Tosi Aerials 

To utilize the advantages of a large frame without the inconvenience 
of a heavy rotating mass, ground stations usually employ one of the 
modifications of the Bellini-Tosi system (Fig. 7). There is no funda-
mental differe.ice in this arrangement from that already mentioned. 
There are two large fixed frame aerials at right angles to one another, 
and these are connected respectively to two small coils, also fixed at right 
angles. A third, or search coil, is mounted axially with this latter pair 
and is •free to rotate around them. It is closely coupled to the small 
fixed coils and is connected to a suable tuned circuit and amplifier. 
The search coil serves to determine the direction of the resultant flux 
through the two small fixed coils, and with them constitutes what is 
known as a radio-goniometer. 

Several conditions must be fulfilled to secure accurate indications 
with equipment of this type. The aerials must be identical in size and 
of the same high-frequency resistance, otherwise indications will not 
be proportional to the signal strength in the two cases. There must be 
no magnetic, electrostatic or conductive coupling between the loops. 
Similarly, the coils of the goniometer field must be identical and 
accurately at right angles. 

FIG. 7.—PRINCIPLE OF BELLINI-
TOSI SYSTEM OF FIXED FRAME 
AERIALS WITH RADIO-GONIOME'FER 
FOR GROUND STATION DIRECTION 

FINDING. 
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Adcock Aerials 

So far it has been assumed 
that no voltages are induced 
in the horizontal limbs of the 
frame. This is true only if 
the waves are travelling hori-
zontally and the wave front 
is perpendicular to the earth 
surface. With oblique trans-
mission, as for instance from 
a plane in flight to a ground 
station, errors in reading 
would be produced by the 
voltages induced in the hori-
zontal limb of the frame, so 
that the frame zero would not 
coincide with the position when 
its plane is at right angles to 
the line of signal approach. 
The chief disadvantage of 

the Bellini-Tosi system is that 
it is subject to thiatype of error and is, therefore, unreliable at night. This 
is due to horizontally polarized waves being reflected from the Heaviside 
layer and picked up -on the horizontal portions of the loop. From 
dusk to dawn the reflected wave forms a large proportion of the total 
signal strength, and thus affects seriously the accuracy of the readings. 
The Adcock aerial system is designed to eliminate the effect of pick-up 
on the horizontal limbs of the frame. In principle it consists of two 
paire of open spaced aerials wit* t screened horizontal connections so 
that reception is confined to the,, vertical aerials. For H.F. working 
the aerial spacing will be about 20 ft., so that the system is applicable 
only to fixed ground stations. In application, the principle of the 
Adcock aerial necessitates many precautions, by suitable disposition 
of the aerial system or otherwise, to ensure that horizontal limb pick-
up is zero, or is balanced out. In some cases the horizontal limbo may 
be buried and auxiliary circuits employed to remove residual errors. 

Cases of considerable difficulty are those when) the same site is used 
as a transmitter and receiver station, though much can be done in the 
way of eliminating disturbances by the choice of a suitable site for the 
ground station in respect of power mains, natural objects and other 
transmitter stations. 

8.—SCHEMATIO ARRANGEILIENT RADIO-
GIONIOMETER IN BELLENI-TOSI SYSTEM. 

Visual Indicators 

To relieve the operator of the tedium of aural detection, several types 
of visual indicators or " radio compasses " are available. 
METER TYPE. The amplifier output circuit may be fed to a full-wave 

rectifier connected to a zero reading microammeter, while a motor-
driven commutator serves to reverse both aerial and instrumental 
connections in synchronism. When t he machine is on course, the 
succeeding impulses through the instr ument are equal and opposite 
and there is no deflection. If the mac hine strays from its course, the 
pulses through the indicator are still alt ernating but unequal in magni. 
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tude, so that the instrument shows a deflection to one side or the other, 
corresponding to the machine's deviation. 
NEON-TUBE INDICATORS. Another kind of visual indicator used in 

the standard type homing receiver consists of two neon tubes of the 
tune-on class, as employed as visual tuning devices in broadcast radio 
receivers. Normally, the two tubes are operated under conditions which 
produce a visible discharge of about hall' the length of the tube. 
CATHODE-RAY TUBES. Recently there has been a tendency for 

existing forms of indicator to be displaced by the cathode-ray tube. 
Visual indication of signal strength, phase, direction or frequency can 
be shown. 
The chief advantages are : ( 1) Since the indication is given by the 

deflection of an electron beam, the instrument is devoid of mechanical 
inertia so that voltage variations at radio frequencies which no aural or 
dial meter could distinguish can be depicted without much difficulty. 
(2) Since deflection of the spot can take place in two co-ordinate direc-
tions, the relation between two variables can be shown simultaneously. 

Visual presentation of bearings is, in practice, frequently assisted by 
the use of a constantly spinning loop or gonimneter. 
Automatic direction finders for aircraft may employ self-aligning 

motor-driven loop aerials which rotate automatically until the axis of 
the loop points in the direction of arrival of the received signal. 

RADIO NAVIGATIONAL AIDS 

Radio Beacons 

The direction-finding equipment carried on board ships, usually 
either I3ellini-Tosi fixed-loop aerials or the simpler rotating loop, is 
generally used to obtain bearings on the special radio-beacon trans-
mitters in operation in coastal areas throughout the world. Apart from 
fixed radio-beacons, automatic beacons are also installed in many 
lighthouses and lightships. Radio-beacons normally operate within the 
frequency range 255-415 kc/s, and a typical installation would comprise 
a crystal-controlled transmitter for Al or A2 emission, with powers 
ranging from about 20 watts to several hundred watts for maritime use 
(considerably higher powers are often found in the aeronautical service) ; 
a master time switch and an automatic code sender providing a repe-
titive call sign in Morse at about 7 w.p.m. for station identification, 
followed by a long dash for direction-finding purposes. 

V.H.F. Omni-directional Radio Range 

. A development of the radio compass is the V:1-1.F. omni-directional 
radio range, usually known as VOR, which enables an aircraft to fly 
along a pre-deteimined path into an approach zone, and is suitable for 
furnishing navigational information between the range beacon and 
aircraft up to 100-150 miles distant. Unlike the normal course beacons, 
this system provides an infinite number of tracks radiating from the 
transmitter. The transmitting equipment can be used as part of the 
radio-telephony communications system. 
The transmitter is arranged to radiate two signals whose relative 

phases vary with azimuth. One signal has a constant phase through 
360°, and is termed the refer:- nee signal, whilst the second variable signal 
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has a phase varying with azimuth. The variable-phase signal is trans-
mitted from two aerial systems mutually at right angles, and fed so that 
when the field set up by one system is at a maximum, that of the other is 
at a minimum. The result is a figure- of-eight radiation pattern rotating 
at a pre-determined rate of the order of 30-50 c/s. This produces in 
the receiver, after detection, a sinusoidal voltage. 

This system is described in greater detail in Section 19. 

V.H.F. Direction Finding 
The widespread use of very high frequencies for airborne communica-

tions has led to the development of direction-finding equipment for these 
frequencies, and in fact the accuracy now attainable tende to be an 
improvement on that of the Adcock medium- and high-freqvcncy 
systems. The shorter wavelengths involved make it possible to use 
resonant aerials, and in.practice a rotatable pair of spaced vertical dipoles 
is commonly employed in ground D/F stations. The geological charac-
teristics of the site play a less important role on V.H.F. 

Béam Approach F..nd Glide Path 
A number of V.H.F navigational r As to approach and landing have 

come into general use, based essentially on the Lorentz system of two 
directional transmissions with a sharply defined area of overlapping in 
which equal signals are received from both t. ansmissions. This area 
may be denoted by interlocking Morse characters or by modulation at 
two different frequencies. Results may be presented to the pilot by 
means of crossed-pointer meters. See Section 19 for further information. 

Consol 
A medium-frequency system for providing navigational assistance to 

ships and aircraft, fitted with a standard communications receiver only is 
the Consol or Sonne. The range of this system is of the order of 1,000 
miles over sea. The automatic beacons transmit a series of overlapping 
lobee of radiation keyed with interlocking dots and dashes. 

According to the sector the observer is in, dots or dashes are heard at 
the beginning of the emission. In the 
pattern shown, Fig. 10, there are twenty-

\to/ ts four sectors. In twelve of these sectors 
do are heard at the commencement of 
the cycle of operation, and in the other 
twelve sectors dashes. When- the ob-
server is on the limit between a dot and 
a dash sector he hears the dots as well 
as the dashes, and thus receives a con-
tinuous tone, termed the equisignal. 
The transmission pattern is rotated 
continuously, with identification signals 
interspersed. The observer thus counts 
the dots or dashes that he hears before 
the equisignal. A position fix can be 
obtained by repeating the procedure on 

Fm. 9.—THE THREE TRANSMIT- a second beacon. 
TING STATIONS USED Ili' THE At the transmitting station, an auto-

CONSOL SYSTEM. matie transmitter, with special keying 
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FIG. 10.—TRANSMISSION PATTERN OF THE CONSOL BEACON, AT 
STAVANGER, NORWAY. 

Position of Central Aerial 37' 3.1" N., 05° 37' .19" E., frequency 310 tels. 

and phasing circuits, is arranged to energize an aerial array of three. 
mast radiators which are erected in line. A multi-lobe radiation 
pattern is produced, and the alternate lobes or sectors are characterized 
by dots and dashes. These are interlocked so that they merge into a 
continuous tone on the boundary line between the sectors. The radiated 
pattern is rotated slowly, and the equisignal moves through one sector's 
width during the course cycle. This cycle, including an identification 
signal, takes 40 seconds to complete, and the sector width is of the order 
of 10° and 15°. 

Since several sectors may have identical polar patterns, there may be 
some ambiguity, but in practice confusion is unlikely to arise, since the 
approximate position is usually known. Positive sector identification 
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ABCO)M ieSt. 

CALLSIGN L.E.C. 

  FOR BEARINGS   
AND IDENTIFICATION ›.1 »I 

..*--37 DASHES—)-

  DOT-DASH   
PERIOD I MIN. 

 COMPLETE TRANSM SSION CYCLE -  
DURATION 2 MIN. STAUNGER 

TIME 

FIG. 1 1.—DI AGRAM OF THE SIGNAL STRENGTH DURING THE WHOLE 
TRANSMISSION CYCLE FROM STAVANGER, FOR ONE POSITION LINE. 

may be provided by additional apparatus, but this is seldom considered 
necessary. 
The navigator must be provided with' tables or a chart overprinted 

with great circle bearings with the consol station as origin. Extensive 
networks are in operation in Western Europe. In practice, bearings 
with an accuracy of I° or 4-° are obtainable during daylight. At night 
the likely error may be of the order of 2°. The transmitters operate 
within the frequency range 255-415 kcis. 

PULSE-MODULATED SYSTEMS 

Pulse-modulated navigational systems were developed both in Great 
Britain and America during the 1939-45 war. The British system is 
known as" Gee ", and was intended primarily for aircraft purposes, but 
has also been usod extensively for "ship navigation. 
The Loran, or American Long-range Navigational Aid, is similar 

basically to Gee, but operates on a longer wavelength and has a greater 
range under most conditions. 
Developments from the basic system are described in Section 19. 

Basic Principles 

The operation of both systems is based on determining the difference 
in the time of arrival at the receiver of. radio-frequency pulses trans-
mitted simultaneously or at definite intervals from a series of ground 
transmitters. 
The Gee system depends on the use of hyperbolic or lattice charts. 
Two stations A and B are " synchronized " so that they can send 

out pulses at the same instant; it is obvious that if the aeroplane is 
equidistant between the two stations, the pulses will be received by the 
aircraft radio at the same instant. If tha aeroplane is nearer to station 
A than station B, the pulse from A will be received a fraction earlier 
than the corresponding pulse from B. This difference in time repre-
sents the difference in distances from the two sending stations; in other 
words, the operator can deduce from the indicator that he is, say, 2 miles 
nearer to station A than to station B. The problem of fixing the 
position of the area may be resolved by the use of hyperbolic charts. 

In these charts any point on a hyperbola has a fixed difference in 
distance from the two focii. Referring to the diagram in Fig. 12, if A 
and B represent the two focii or sending stations, say 10 miles apart, if 
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rio. 12.—PHINCIPLE or THE HYPERBOLA. 
For any point, say Pi, on the hyperbola CDE, the distance Pill minus the distance 

APi, will always be 8 miles (i.e., the difference factor). Similarly, for any point P, 
on the hyperbola POE, the difference factor will be P.13 minus AP„ namely 2 miles. 

we draw a hyperbola from position 1, which is distant 1 mile from A 
and 9 miles from B, every point on that hyperbola will have a difference 
of 8 miles in its distances from A and B. 

Similarly, if we draw a hyperbola through the position 4, which is 
4 miles distant from A and 13 miles distant from B, the difference factor 
for all points on this curve will be 2 miles. 

Hyperbolic charts of this kind are prepared for each pair of stations, 
and can be shown on a diagram as in Fig. 13. If, after taking his first 
reading, a navigator in an aeroplane at the point P finds that his 
difference factor for transmitting atations X and Y is, say, 60 miles, he 
can tell that his position is somewhere on the hyperbola RPQ. 

If a third transmitter Z, suitably disposed in relation to the trans-
mitters X and Y, is also sending out simultaneously synchronized pulse 
signals, the observer is able to obtain a further position line, in a similar 
way, by measuring the difference in time between signals arriving from, 
say, transmitters X and Z. Therefore he can deduce that his position 
will also lie on the line TPS, and his actual position with relation to the 
three transmitters will be where the two lines, or hyperbolie, intersect. 

Suitable charts to facilitate position plotting can be drawn, consisting 
of a series of hyperbole°, each representing a known difference in distance 
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FIG. 13.—TYPICAL LATTICE CHART FOR PULSE-MODULATED SYSTEMS. 

between the three transmitters, and these charts can be superimposed 
on a map of the area served. On 'this account, the Gee and Loran 
systems are also termed hyperbolic or lattice systems. 

The Gee System 

In practice the Gee system consists of a chain of transmitters arranged 
in groups of three or four, the transmitters being located about 70 or 
SO miles apart. 
Each transmitter operates on the same radio frequency, usually 

between 20 and 80 Mc is (3.75 and 15 metres), and is continuously 
emitting synchronized radio pulses. A master transmitter is used in 
each group to control the pulses of the subsidiary or slave transmitters 
crystal-controlled timing being employed. 
The aerials are omni-directional, and the use of the very high fre-

quencies results in the reception of ground waves only, thus eliminating 
reflection troubles normally associated with the lower-frequency wave-
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bands. They have, however, the disadvantage of optical range, and 
signals may be seriously impaired if the optical path between the trans-
mitter and the receiver is obstructed. 
The equipment carried by a ship or aircraft for the operation of the 

Gee system consists of a receiver and an indicator of the cathode-ray 
display type. 

In operation, the pulses received from the three or four transmitters 
can be received and displayed simultaneously on the screen of the 
cathode-ray tube, and the arrangement permits the time difference of 
arrival of corresponding pulses from each transmitter to be determined 
to within a millionth of a second. 

Satisfactory reception of the transmitted pulses over sea can be 
obtained up to 100 miles, but, in practice, reasonable results have been 
achieved at ranges of 150 miles. 

For aircraft, the range depends on the nature of the land between the 
aircraft and the transmitters, and also the flying height of the plane. 
Reception is normally quite satisfactory up to 400 miles at ' 5,000 ft. 
and up to 200 miles at 5,000 ft. 

The Loran System 

This system is based on the same principles as Gee, but operates on a 
radio frequency of approximately 1,900 Ws ( 157 metres). 
Much greater ranges are possible with Loran, as it takes advantage 

of the increased range of the ground waves at the lower frequencies, 
and is not so readily affected by height. There are, however, other 
troubles introduced which are peculiar to the short and medium wave-
lengths, e.g., although the range of the Loran system may be twice as 
far by day as that obtained with Gee when operating over sea, it may 
not be as good over land, as ground absorption will occur. 
At night Loran waves are readily reflected by the upper atmospheric 

layers, and the range thereby considerably increased, with the added 
difficulty for the observer of distinguishing between the direct and the 
reflected wave. 
With Loran, only two transmitters are operated in synchronism, a 

master and a slave, which may be spaced up to 600 miles apart. Signals 
from the master transmitter are received at the slave transmitter, and 
are relayed by the slave after an accurately controlled time delay. To 
obtain a. fix the observer has to take readings from two pairs of trans-
mitters, and the deductions are read off from lattice charts in a manner 
similar to the Gee system. 
A range of about 700 miles by day over the sea can be obtained with 

this system and twice this distance by night. This range is considerably 
reduced for the direct wave over land, especially over rough ground, 
but the reflected wave is, of course, unaffected by the nature of the 
terrain, and ranges of 300-1,200 miles may be obtained over land at 
night. 

Decca 

Among the numerous position-finding systems that were developed 
during the 1939-45 war, one of the most important was the Decca 
system, which uses low-frequency continuous wave-phase comparison 
to provide continuous position fixing. On the transmitting side a chain 
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Two sets of Decca co-ordinates and two decometers are shown to illustrate the 
principle of the system. The " purple" Decca lines and decometer are omitted. 

of stations transmits continuously, on frequencies which are in some 
simple ratio such as 3/2 or 5/4, and at the receiver each set of two signals 
are multiplied to the same frequency, and their phase difference is 
measured and indicated on a counter. In practice, a chain may con-
sist of four stations, a " master " and three " slaves " known as the 
" red slave ", " green slave" and " purple slave ". Transmission 
frequencies are of the order of 100 ke/s. The official range of this system 
is 240 miles from the master station, but in practice fairly accurate 
results can be obtained at considerably greater distances. A number 
of chains have been set up in North-west Europe, for both marine and 
aeronautical use. For air-navigational purposes, only two of the slave 
stations are normally used. Tho aircraft equipment comprises three 
low-fzequency receivers with multipliers, and discriminator, which 
measures the phase difference, and amplifier units with two integrating 
meters. Continuous reception is essential for accurate position 
indication. 
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RADAR 

Radio detection and Ranging (Radar) is the art of locating the 
presence of objects by radio means, determining their angular position, 
with regard to some reference point (relative bearing) and their range. 
In order to accomplish this, a beam of R.F. energy is directed over 
some given area in search of a target, by means of a highly directional 
rotatable aerial. If the beam strikes a target some of the R.F. energy 
is reflected and a small portion of this reflected energy travels back in 
the direction of the transmitter. 

Information derived from Echoes 

If a sensitive receiver, capable of detecting this reflected energy, is 
arranged to operate in the vicinity a the transmitter, together with 
some time-measuring device, capable of measuring the extremely short 
periods of time elapsing between transmission of the energy and recep-
tion of reflections (Echoes), the following information can be deduced 
when echoes are obtained: 

(1) Some reflecting body (in radar terminology " a Target ") 
has been found by the beam' as demonstrated by the echo received 
at the receiver and recorded by the time-measuring device. 

(2) It can be shown that the rango or distance of the target from 
the transmitter is proportional to the time interval, measured 
from the instant that trim unission of energy commences, to the 
instant at which the returning echo is received. 

(3) The bearing of the target, measured with reference to the 
direction of the ship's hedd, or in the case of a shore station. 
measured from compass North, is indicated by the angle through 
which the aerial must be rotated, in order that the centre of the 
beam may face the target. This is evidenced by the fact that an 
echo is received and recorded only when the aerial is rotated so 
that the beam covers the target. 

(4) The elevation or height of an airborne target can be obtained, 
under favourable conditions, by measuring the angle of elevation 
by which the aerial must be tilted in order that the centre of the 
beam may face the target, and by simultaneously measuring the 
slant range thus obtained. The slant range as indicated in Fig. 17 
is measured in the same manner as a normal range. 

Basic Requirements 

The minimum requirements for the basic radar system are therefore: 

(a) A suitable transmitter. 
(6) A sensitive receiver. 
(c) A device capable of measuring intervals ef time of the order 

of a microsecond or less. 
(d) An aerial system having highly directive properties and 

capable of being rotated through any desired angle. If designed 
for use against airborne targets it must be capable of being tilted to 
an extreme' elevation of at least 45°. 
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An essential condition of operation is eateeti 

that the transmitter and receiver must 
be arranged in such a manner that 
received echoes can be readily identified 
with the individual transmissions from 
which they result. 
The above condition is satisfied by 

pulsing the transmitter so that it gen-
erates short, sharp bursts of R.F. of the 
order of a microsecond oreo in duration, TIM;851.M. 

with a sufficiently long interval or rest- FIG. 17.—TARGET HEIGHT 
ing time between each successive pulse MEASU RENENT. 
kr permit all echoes from the extreme 
imite of the service area time to return before the commencement of the 
next pulse, as shown in Fig. 18. 
The pulse length, or duration of each pulso (in microseconds), and 

the rate at which successive pulses are repeated (repetition rate or pulse 
frequency) are determined in design by the performance and duties 
which a particular radar system is required to fulfil. 

Military Applications 

Military applications can be generally claasified under the following 
headings: 

(a) Radar Sets for Long-range Warning and Search. Fixed 
shore stations or ship stations fitted with these sets keep a constant 
watch, and search some specific area continuously, in order to give 
early warning of the approach of hostile aircraft or surface craft. 
The major requirement for this class of set is maximum range. 

(b) Fire-control or G•tnnery Sets. Radar sets • installed for this 
purpose must be capable c: measuring range, bearing and/or 
elevation with great accuracy. In general, these sets are designed 
for a degree of precision in measurement which is not practicable 
for long-range warning sets. 

(c) Airborne Sets. Light, portable equipment is used by patrol 
aircraft when searching for enemy targets. The equipment; may be 
designed to detect other aircraft, surface vessels or submarines. 
The radar equipment may also be used in such cases as an aid to 
navigation to determine course or position with reference to a 
home-based beacon. 
The main requirements for airborne equipment are that it should 

be light and oompact, and within limits sets muet be designed for 
maximum range, definition and/or precise measurement, according 
to their particular application. 

(d) Radar Beacon Stations. These are generally small, compact 
transmitter—receiver sets, in which the receiver may be actuated 
by radar transmission from a ship to cause the beacon transmitter 
to radiate radar signals. This transmission is treated as an echo at 
the calling station, where it is measured in the normal manner for 
range and bearing. 

Maritime Radar 

Shipborne radar is now fitted to many thousands of vessels, and is 
chiefly of assistance in avoiding collision during fog and for navigational 
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Fro. 18.—RELATION OF PULSE LENGTH TO REPETITION Fammarrcy. 

The transmitter and receiver must be arranged so that the echoes can be Identified 
with their transmitted pulses. 

purposes in coastal waters. A number of different equipments have 
been developed by various manufacturers, but the following figures are 
typical of modern installations. P.P.I. presentation on a 5- 12-in. 
cathode-ray tube with a scan rate of from 20 to 30 r.p.m. Peak radio-
frequency powers from 7 to 60 kW. Pulse lengths from about 0.1 micro-
second for short-range working, to about 1 microsecond for longer ranges. 
Most equipments provide a switched selection of ranges from about 
or 1 mile to about 40-50 miles. Automatic frequency control is often 

incorporated, and single or double cheese-type scanning aerials are 
general. Most modern equipments operate on the 3-cm. band (9,320-
9,500 Mc /s), but the 10-cm. band (5,460-5,650 Mc/s) is still used in 
some installations. 

Ship-borne radar is not always capable of guiding a ship in fog through 
a narrow channel to its berth, and for this purpose harbour radar 
installations have been developed. Such installations may comprise 
several radar scanners located at various points in the harbour and its 
c.pproaches with the information presented on a series of P.P.I. screens 
at a central control point, which is provided with arrangements for the 
passing of advice—usually by V.H.F. radio-telephony links—to the 
pilots bringing in the vessels. 

BASIC PRINCIPLES OF RADAR 

The basic set-up for a radar system is shown in Fig. 19, in block 
diagram form. This consists of a transmitter or R.F. generator, a 
sonsitive receiver with video output, an indicator which includes a 
cathode-ray tube and its associated time-base and amplifier circuits, an 
aerial system including radiator, feeder system• and transmitting-



RADIO NAVIGATION AND RADAR I8-21 

V 
AERIAL 

"t.,, 500 CYCLES 
SYNCHRONISING 

SIGNAL 

(a) 

(s) 

TRANSMITTER 

FLF. TO AERIAL 

-11-1HE 

SOO CYCLES 

SYNCHRONISING 

SIGNAL 

FEEDER SYSTEM 

DISPLAY UNIT 
OR 

INDICATOR 

RECE VER 

.1F•m 
T.R. 

SWITCH 

ECHO SIGNALS 
INSMADS FROM AERIAL 

FEEDER «STEM 
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A and B are synchronizing signals supplied from, say, the A.C. mains at 500 cis, to 

the transmitter unit and display unit, respectively. 
A and B establish the repetition rate for the System at 500 cis, and start the time-base 

generator In the indicator at the same instant that each transmitted pulse of R.F. 
commences. 
B also times the application of a positive pulse to the control grid of the cathode-ray 

tube in order to intensify the electron beam from the instant that the time-base 
generator starts up, until it completes one sweep. 

All these operations are repeated 500 times per second. 

receiving switch. Finally, the system must incorporate some means for 
co-ordinating, or synchronizing the following operations: 

(a) The commencement of each pulse of R.F. energy. 
(b) The commencement of each sweep of the time-base voltage, 

i.e., the commencement of each trace. 
(c) The brightening up of the trace for the period of each sweep, 

Le., increasing the intensity of the electron beam fer each sweep 
duration. 

The flyback is timed by the fall of the time-base voltage to zero, 
and the dimming of the electron beam takes place at the end of each 
completed sweep of the time-base voltage because the duration of each 
brightening pulse is made equal to the duration of the sweep or to the 
time for the completion of each trace. The synchronizing function for 
(a), (b) and (c) may be performed by pulses from: ( 1) a master syn-
chronizing circuit, ( 2) by a pulse from the transmitter to the indicator, 
(3) sometimes by a pulse from the indicator to the transmitter. The 
methods enumerated above are not the only alternatives, but they 
serve to indicate the principle employed for synchronizing the operations 
of the units concerned. As more refinements are employed, additional 
pulses must be supplied from the synchronizing or timing source, in 
order to perform the additional co-ordinating functions. 
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No matter how many synchronizing pulses are required, they must 
all be controlled from the same source. 

In some cases it is necessary to render the receiver inoperative during 
the period of transmission. This can be done by means of a pulse 
which increases the bias of some of the valves in the first I.F. stage for 
the duration of the transmitting pulse; alternatively, the H.T. can be 
removed entirely from one or more valves in the receiver during trans-
mission. This necessity arises when it is desired to receive echoes from 
targets very close to the transmitter, the reason being that the time 
between the end of each transmitted pulse and the instant of arrival of 
the echo is so short that the receiver must be in a state to receive 
efficiently immediately the transmitted pulse has ceased. If the trans-
mitter employs high power it tends to paralyse the receiver for a short 
time after transm ission ceases, due to static charge accumulated in bias 
circuits and the like. In these circumstances it is usual to render the 
receiver inoperative, 'or partially so, during each transmission period, 
thereby reducing the recovery time and enabling signals from nearby 
targets to be received. Recovery time determines minimum range. 
• Fig. 20 shows the time relationships for operation of the major 
functions in the basic radar system. 

Calibration and Range-mark Generators 

Expansion of the basic radar system by the addition of refinements 
is exemplified by the provision for calibration, which is made in nearly 
every case. 
The method of subdividing the cathode-ray tube trace by means of a 

superimposed transparent Er•wle is obviously not in itself very accurate. 
Variations in the time-base carcuas, due to ageing or change of values of 
components, must cause inequalities and change of speed in the rate of 
deflection of the beam across the screen, and therefore in the trace 
which it produces. A calibrator circuit is provided for detecting and 
correcting such changes. In the simplest form of calibrator a generator 
is caused to start up at the same time as the time-base generator by a 
synchronizing pulse. This generator produces signals at equal intervals 
of time, which are in effect equal time subdivisions of the main time-
base trace. The signals generated by the calibrator circuits are mixed 
with the receiver output on the " Y ' plates of the " A " display, and 
appear along the trace as bright marks at equal time intervals. If the 
itime-base cecuita have altered, these will not line up with the fixed 
subdivisions of the transparency. In this case provision is made 
whereby the speed of the time-base circuit can be adjusted in order to 
bring the calibration marks into alignment with those of the fixed scale. 
This operation must be performed periodically, and a pulse additional 
to those ahown in Fig. 20 is required from the synchronizing source for 
the calibration generator. 

In many cases, where the A.C. supply is at 500 cis, this is used as 
the synchronizing source from which the synchronizing pulses are sent 
out to the various units which are to be co-ordinated. In other cases, 
where the frequency of the supply is too low, a rhaster circuit develops a 
synchronizing signal at the required frequency. This may be done by a 
Wien Bridge Oscillator, for example. Some forms of transmitte-, 
however, develop thqir own repetition frequency, and in this cast, a 
pulse may be taken from the transmitter to synchronize the other 
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FIG. 20.— TIME RELATIONSHIPS IN BASIC RADAR SYSTEM. 

Major units synchronized by external master timer. In this instance, the A.C. supply 
is at 500 c/s. 
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units and the necessity for an external master timing device or syn-
chronizer does not arise. Also cases arise where it is necessary to 
synchronize all the units by means of a pulse from either the sweep 
generator or from the Range-mark generator in the indicator unit. 

Major Units and Constants 
The form of transmitter selected for a radar system depends almost 

entirely upon the frequency which has been selected, and this in turn, 
as we have already seen, depends upon the application. Standard 
triodes, due to their inter-electrode capacity, tire unsuited to operate in 
circuits generating frequencies of more than about 200 Mc s. Special 
triodes are available for frequencies up to about 400 Mc /s, but for all 
frequencies above about 400 Mc /s the magnetron is almost universally 
employed in R.F. generators. 
The radar bands are designated a; follows : 

P band . . 225-390 Mc/s 
L band . . . 390 -1,550 Me/s 
S band ( 10-cm. band) . . 1,550-5,200 Mc is 
X band (3-cm. band) . . 5,200-10,900 Mc /s 
K band ( 1-cm. band) . . 10,900-36,000 Mc is 
Q band ( 8-mm. band) . . 36,000-46,000 Mc/s 
V band (6-mm. band) . . 46,000-56,000 Mcis 

The constants of the radar system are pulse width or pulse duration, 
repetition frequency or repetition rate, average power, peak power and 
duty cycle. 
Pin« W IDTH OR PULSE *DURATION. Tho pulse width or pulse 

duration is the length of time in each transmission for which R.F. 
energy is radiated. This is only another way of saying that it is the 
length of time for which the R.F. generator is operating. The minimum 
range at which a target can be received is determined largely by the 
pulse width. If the target is so close to the receiver that the echo is 
returned to it before the transmitter is turned off, the echo will be 
masked. The maximum limit of pulse width for a particular system is 
thrrefore determined by the nearness of the target which the radar 
set is required to detect. In the case of long-range warning sets, the 
pulse width may be longer than for short-range, precision sets, especially, 
if the latter are to be designed to pick up buoys and similar nwigational 
marks at close range for navigational purposes. 
PULSE-REPETITION FREQUENCY OR RATE. Sufficient time must be 

allowed between transmitted pulses for an echo to return from the 
most distant target at extreme range. If this is not done, returning 
echoes will be Obscured by succeeding transmitted pulses. This 
nec ,ssary time interval fixes the highest frequency that can be used for 
the pulse-repetition rate. It means that the lower limit of the per-
missible repetition rate for a long-range warning seI is below that of the 
lowest permissible rate for a short-range precision set. When the aerial 
is rotated at constant speed, as is the case in some applications, the beam 
of energy strikes a target for a very short time, therefore a sufficient 
number of pulses must be transmitted in order to ensure a reasonable 
echo. The persistence of the screen of the cathode-ray tube and the ro-
tating speed of the aerial also affecl. the minimum desirable repetition rate. 
AVERAGE POWER. The power output rating or a valve as given by 
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the manufacturer is determined by its power-handling capacity over a 
continuous period of time. This is known as Average Power. 
PEAK POWER. In radar, transmission takes place in short pulses 

with comparatively long resting periods in which there is time for the 
valve to cool. When operated in this manner, a valve can handle a 
peak power, for very short periods, of many times the value of its 
average handling power capacity for continuous working. The useful 
power of a radar transmitter is contained in the radiated pulses, and is 
therefore termed the Peak Power of the system. Since the radar 
transmitter is resting for a long time compared with its operating time, 
the average power delivered during one cycle of operation is quite low 
compared with the peak power available during pulse time. 
A definite relationship exists between the average power dissipated 

over an extended period of time, and the peak power developed during 
pulse time. The time for 1 cycle of operation is 1/frequency, thus the 
greater the pulse width the higher the average power, and the longer the 
pulse-repetition time the lower the average power. 

Therefore: 

Average power Pulse width 
Peak power Pulse-repetition time 

The operation of the radar transmitter can be described in terms of 
the fraction of the total time that the R.F. energy is radiated. This 
time relationship is called the duty cycle: 

Pulse width  
Duty cycle — 

Pulse-repetition time 

From the foregoing considera-
tions it is clearly desirable to keep 
the duty cycle small in order that 
the peak power may be as large as 
possible. 

Display Units.« Indicators 

The three principal forms of dis-
play are as follows: 
THE "A" DISPLAY. In this 

case amplitude is plotted against 
time on the cathode-ray-tube 
screen. The time-base voltage is 
applied to the " X " plates and 
the receiver output is applied to 
the " Y " plates, the general form 
of the display is as shown in Fig. 22. 
THE " B " DISPLAY. In this 

display the time-base may be 
applied to the " Y " plates, and a 
voltage proportional to the bear-
ing of the aerial is applied to the 
." X" plates. The output of the 
receiver is applied to the grid of 
the cathode-ray tube to modulate 
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the brilliance of the beam. In this arrangement the beam scans the 
whole area of the screen in comparative darkness until an echo is received. 
The arrival of an echo intensifies the beam, and a bright spot appears on 
the screen at the position taken uri by the beam at that instant (Fig. 23). 
Since the beam scans the screen under the combined influence of the 
time-base voltage and the bearing voltage, the point at which the spot 
appears indicates the range and bearing of the target at that instant, 
with regard to some fixed reference mark. In this display, therefore, 
range is plotted against bearing. 
THE P.P.I. DISPLAY. The P.P.I. display presents, in polar co-

ordinates, a map of the area being covered, with the aerial occupying 
the centre of the screen. The cathode-ray tube is intensity modulated. 
The time-base sweep moves from the centre radially outward. The 
position of the radial time-base sweep is controlled by, and synchronized 
with, the aerial position through 360° of rotation. The top of the 
screen represents dead ahead. If the aerial is pointing dead ahead, the 
sweep moves from the centre of the screen to the. top. Likewise if the 
aerial points 90° from dead ahead, the sweep of the time-base moves 
from the centre, radially outwards, at an angle of 90° to the right of 
dead ahead. Thus a polar map is developed on which range is plotted 
radially against bearing through 360'. This type of display is ap-lied 
largely to search, harbour control, convoy keeping, ground controlled 
interception and navigation. 
An electromagnetic tube is usually employed, and the display obtained 

by causing the time-base to start from the centre of the screen outwards, 
so that each trace extends from the centre to the circumference of a 
circle the radius of which is made proportional to range. The coil 
carrying the time-base current is rotated around the neck of the tube by 
a small motor, the motor being driven in synchronism with the aerial, 
which is also continuously rotated. If the output of the receiver is 
applied to the grid or cathode to give intensity modulation, echoes from 
all targets in the area will appear on the screen as bright arca, situated 
at distances from the centre which are proportional to range, and 
positioned for bearing relative to true north (or some fixed reference 
bearing) on land, or to the ship's head. The beam may either be 
brightened by a brightening pulse or suppressed by a suppressing 

pulse. 
In order to augment its usefulness, it is customary to add range markers 

and some reference bearing mark to the P.P.I. It is often desirable to 

SIGNAL 
STRENGTH 

TRANSMITTED 
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FIG. 22.—APPEARANCE OF THE 
" A " DISPLAY. 

"RANGE 

Fla. 
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In this display range is plotted 
against bearing. 
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23.—APPEARANCE OF THE 
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FIG. 24.—APPEARANCE OF THE " P.P.I." 
DISPLAY. 

A type of display which is used for searching, 
harbour control and navigation. 

AERIAL 
POSITION 

LAND 

0° 
8 4.9 

ISLAND 

CHANNEL 
MARKERS 

see nearby signals on a more expanded séale than that used for distant 
signals, and the P.P.I. usually has several ranges from 1 to 50 miles or 
more. 

The Use of the Cathode-ray Tube 

It has already been stated that pulsed radar systems measure range 
or distance in terms of time. This is made possible by the development 
.of the cathode-ray tube as a device for measuring very short periods of 
time and by the knowledge that all ether waves travel in free space with 
a velocity of 186,000 miles per second or 328 yd. per microsecond 
(approximately). 

It is evident that the energy reflected from a target travels back in 
the direction of the transmitter with the same velocity as the trans-
mitted wave travelled outwards to the target, consequently the time 
taken for the reflected energy to travel back from the target is exactly 
half the time elapsing between the commencement of each pulse of 
transmitted energy and the return of the echo. 
The range calibration of the cathode-ray tube can therefore be 

expressed as: 

Observed time for outward and return journey . 
Range = 2 (microseconds) 

multiplied by the velocity of ether waves in free space (328 yd. per 
microsecond). 

Observed time in microseconds x 328  
Range (yd.) — — 16:1 yd. per 

2 

microsecond. 

This is the fundamental tiene—range relationship which is used to 
calibrate the cathode-ray tube. 

Accurate Range Measurement 

Since a given range may be represented by the total length of the 
time-base trace, the range of a target may be estimated by observing 
the fraction of the trace between its commencement and the leading 
edge of the echo. Estimates of this kind, however, depend upon the 
judgment of the operator, even when a transparent, subdivided scale is 
supplied. It is, therefore, usual to provide a circuit which generates 
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Fm. 25.—A RELATION OF RANGE TO FORM OF TIME-BASE 
VOLTAGE W AVE. 

This example shows: Sweep time for time-base say. 500 microseconds •- E.80 x 
104 yd. — 82,000 yd. Range of Target — say, 30,000 yd. 

under the control of a synchronizing pulse, very short pulses at regular 
intervals—corresponding in time perhaps to 1,000 yd. These pulses 
are mixed with the receiver output on the " Y " plates, in the case of an 
" A " display, and appear as bright marks at intervals corresponding to 
1,000 yd. along the trace, or as rango circles on a P.P.I. display. 
For rrecise measurement this method is not sufficiently accurate, 

since it still becomes necessary for the operator to interpolate for inter-
mediate readings. The accuracy with which this is performed varies 
with the individual. Therefore, when precise measurement is required 
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within a few yards, other means are provided for this purpose. One 
method, which gives reasonably satisfactory results, is to compare the 
time-base voltage, measured at the instant of time that the echo is 
received, with the voltage of a standard, calibrated potentiometer. 

Various types of indicators have other refinements. For example, it 
is possible to select the small portion of trate containing an echo in 
which the observer is interested, and to expand this small fraction so 
that it covers the entire width of the screen. This permits examination 
of the particular echo in detail, and without distraction by other echoes 
which may be present at the same time. It also has other beneficial 
results. In the ease of a plane on interception duty the observer may 
be provided with a " B " type display on which, by manipulation of the 
radar controls under direction of R.T. from the ground, the target can 
be displayed. In order that the pilet may follow the- target without 
distraction, the observer can select from his display on the " B " 
indicator the portion containing the target of interest and cause a 
reproduction of this portion to appear on the display unit situated at the 
pilot's position. This type of display is termed a selected range display. 

Beam Widths 

Further consideration of the matter shows that beams which are 
narrow in the horizontal plane are also desirable for accurate measure-
ment of bearing of surface craft or other objects. A narrow beam 
offers the advantages of increased concentration of energy and better 
definition ( i.e., the ability to pick out and discriminate between adjacent 
targets). Why, then, are narrow beams not always used The 
answer is given below in the following order: 

(1) The width of a beam depends upon the number and dis-
position of the dipoles and the size and*geometry of the reflecting 
system. In other words, the radiating system, including reflector, 
must be increased in dimensions when narrow beams are required. 

(2) The length of the dipoles is determined by the R.F. carrier 
frequency employed. For long waves the dipole length must be 

A 
increased, since dipoles are usually employed in the radiating 

system. 
(3) For long-wave systems, therefore, radiating reflectors become 

very large indeed. They require considerable spate when erected, 
they are mechanically difficult to support and rotate, and the wind 
resistance becomes very high indeed. 

(4) On the other hand, as the wavelength decreases the range 
obtainable for a gi-een R.F. power output decreases. 

Thus the position arises where long-range sets for warning purposes 
must employ comparatively long waves, using frequencies of the order 
of 100 Mcis in order to obtain the necessary range with reasonable 
power outputs. The beam in this case is, therefore, generally fairly 
wide—perhaps 20° or more, because at the comparatively low fre-
quencies used for warning sets, radiating systems for narrow beams 
would become impracticable on account of the dimensions and weights' 
involved. 

'For the foregoing reasons, therefore, long-range warning sets usually 
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employ a comparatively low carrier frequency and a fairly wide beam, 
whilst short-range precision sets make use of ultra-high frequencieg of 
the order of 3,000 Me /s and upwards—(10 cm. and downwards) in order 
to gain the increased precision of measurement inherent to narrow 
beams, the use of which now becomes possible, but accompanied by a 
sacrifice in range. 
At abolit 3.000 Mc /s, the dimensions of reflectors suitable for pro-

ducing narrow beams become smell enough for installation; support and 
rotation in mobile radar stations. 
When wide beams are used it will be seen from Fig. 26 that the rate 

of change of signal strength in the region of the maximum value at " A" 
is very small indeed. For example, at the angle 0, OB is very little 
less than OA, which is the maximum value. This makes it very 
difficult to find with precision the exact bearing of a target. Accord-
ingly, a system of beam splitting is used in order to improve the dis-
criminating properties of the aerial system. 

Beam Splitting 

Further inspection of Fig. 26 shows that the maximum rate of change 
of field strength, which is what we require for discriminating purposes, 
takes place at points C and D, the field strength at these points is 70-7 
per cent of the maximum, and they are called the " half-power " points 
of the lobe or pattern. 

Assuming that the target " T " is fixed, and that the beam if rotated 
to right and left of it alternately through the angles AOA' and AOA" 
respectively (Fig. 27), the patterns would intersect at the half-power 
points C. This means that when the lobe is switched to the right the 
signal from the target will be proportional to CO, similarly when the 
lobe is switched to the left the signal from T will also be proportional to 
CO. In other words, the signal from T will be proportional to OC if the 
beam is switched to right or left of the target through this angle. 
Assuming that the aerial continues to swing backwards and for-

wards through the angle A'OA, consider the effect on the echoes 
received from target Ti. When the beam swings to the left, a maximum 
signal will be received from Ti, but when it swings to the right, the 

POWER POINT 

THE OIFFERENCE 
IN ECHO STRENGTH 

T RECEIVED FROM 
THESE TWO POSITIONS 

IS VERY SMALL 

\ I POWER POINT 

FIG. 26.—BEAM CONSTANTS. 

C and D are called half-power points, since the field strength at these points is 70-7 

per cent of the maximum 01 and because ' is proportional to power, i.e., ():,. 
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Fro. 27.—BEAM SPLITTING. 

Method used to improve accuracy 
training with wide beams. 
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Flo. 28.—BEAM SWITCHING. 

Schematic diagram of manual switching system using two aerials and one receiver 
to demonstrate the principle of beam switching. 
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signal received from Ti falls to a value proportional to EO which is less 
than CO. This means that the signal received from Ti will be greater 
for the left-hand swing than for the right-hand swing. These conditions 
are exactly reversed for the target at T. The conclusion is, therefore, 
that equal signals from right- and left-hand swings are only obtained 
when the centre of the aerial system exactly faces the target. When 
the target is in any other positions relative to the aerial the signals 
received for right- and left-hand swings of the beam are unequal. This 
is the principle generally employed to enable the operator to train the 
aerial on target when wide beams are used. The field pattern is 
switched continuously, as the aerial is rotated and signals received from 
right and left lobes are also continuously compared. When both 
positions of the lobe give equal signals the aerial is on target. 
Beam switching employs electronic means for switching or displacing 

the axis of the beam alternately to right and left of the normal axis, so 
that if the centre of the aerial is held fixed to face the target, the beam 
itself sweeps right and left across the target and a double lobe is 
produced. 

RADAR AERIALS 

The aerial system of a radar equipment usually comprises the following 
units : 

(a) The aerial proper, i.e., elements that perform the dual 
purpose of radiating radio-frequency energy and receiving reflected 
energy or echoes. 

(b) The feeder system which joins the output from the radio-
frequency generator to the input of the aerial proper. 

(c) Some form of electronic switching device for isolating the 
receiver during transmission, and the transmitter during reception. 

(d) In many cases a beam-switching device for accuracy in 
determination of bearing. 

(e) Mechanism for rotating the aerial and controlling its move-
ments, according to operational requirements and the conditions 
imposed by the type of display employed. Also means for indi-
cating at the operating position the bearing of the aerial at any 
instant of time. 

Requirements of the Aerial System 

The aerial system for any radar set must conform to the following 
requirements : 

(a) Possess the required directional properties when functioning 
at the selected frequency. 

(b) Maximum overall efficiency for transmitting and receiving 
under condition (a). 

(c) Size and weight must be confined within any limits specified,. 
with due regard to mechanical problems involved in mounting and 
rotating the structure. 

Directional Effects 

All practical aerials aro directive to some extent. In general, how-
ever, the term directive refers to a radiating system which has been 
designed deliberately to concentrate its radiation in a relatively narrow 
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beam. Directional effects may be obtained by the use of two or more 
aerials, so placed and phased that the radiated waves from parts of the 
system add in some preferred direction and cancel in others. A modi-
fication of this is a system of radiating elements, disposed in such 
numbers and so positioned that a common reflector of suitable dimen-
sions causes radiation to take place in the form of a beam. 

Parabolic metallic reflecting surfaces may also be used to beam radio-
frequency energy in a fashion similar to the beaming of light by a 
searchlight. This type of beam transmission is most practical when 
frequencies are sufficiently high (centimetre waves) to permit the 
dimensions of the reflector to be comparatively small. 

General Design 
The type of aerial depends primarily upon the frequency employed 

and also upon the required performance. The required beam dimen-
sions are determined largely by the application, and when this has been 
decided upon, the type of array and number of elements, and reflecting 
or directing system, can be selected. The dimensions of the aerial are, 
of course, determined by the frequency employed. 

In general, aerial systems used for long-range warning sets al.( 
formed by stacked dipoles, with solid, perforated or rod reflectors. 
In this case the horizontal or -vertical directivity of the beam-is deter-
mined by the number of dipoles stacked in horizontal and vertical 
planes. The larger the number of dipoles stacked end to end in width 
or one above the other in height, the narrower becomes the beam 
horizontally or vertically. 

For wavelengths of the order of 10 cm., parabolic reflectors become 
practicable in size and weight. For frequencies at which a co-axial 
feeder is used, a dipole and a reflector are employed to flood the radiator 
with radio-frequency energy. When a waveguide feeder is used, tlif 
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ROTATING WAVEGUIDE 
MECHANISM 
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29.—PARABOLIC REFLECTOR AERIAL. 
R.F. energy Issuing from the dared end of the waveguide floods the parabola :111,1 

is reflected as a beam narrow in the horizontal plane, but wide in the vertical plane. 
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end of the waveguide may be flared to match the guide to free space, 
but more often the flare is made comparatively small, and positioned in 
such a manner that it floods a radiator of design suitable for the pro-
duction of the required beam. All radiators, whether for long-range 
warning sets or for precise measurement, are arranged for rotation. 
Some rotate through a limited arc only, but in the majority of cases they 
are arranged to rotate through 360°. When a P.P.I. display is used 
they must be capable of continuous rotation. In addition to rotation 
in a given plane, aerials designed for radar sets used for airborne targets 
must also be capable of being elevated. 

FEEDER SYSTEMS 

The choice of feeder is affected by the general nature of the equip-
ment, type and layout of units, and the working frequency. The last 
is very often the determining factor. There are three main types of 
feeder: 

(a) Open-wire feeder. 
(b) Co-axial feeder. 
(c) Waveguide. 

The first is only suitable for the longer radar wavelengths, the other 
two being applicable to microwave frequencies. 

FIG. 30.—A COMMON TYPE OF AERIAL 
l'Olt USE WITH LONG-RANGE WARNING 

SETS, USING STACKED DIPOLES. 

and higher frequencies, this type 
obsolescent. 

Open-wire Feeder 

The open-wire feeder simply 
consists of two parallel wires 
spaced a suitable distance apart. 
The wires can be supported on 
insulators, or use may be made 
of the " quarter-wave section" 
which presents a very high 
impedance across one end when 
the other end is short-circuited 
(Fig. 31). 
The great objection to the 

open-wire feeder is the amount 
of power lost by radiation at the 
higher frequencies, and since 
the development of radar has 
tended towards the use of higher 

of feeder may be regarded as 

Co-axial Feeder 

This occupies an intermediate place between open-wire feeders and 
waveguides. The co-axial feeder, consisting of two concentric con-
ductors, the inner normally a rod or wire and the outer a tube, is easy to 
install and does not radiate. The dielectric may be air or some suitable 
solid dielectric such as polythene. If air is used, either dielectric 
,spacers or quarter-wave stubs are used as support for the inner 
conductor. 
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31.—OPEN-WIRE FEEDER. 
AB is a metal member of a mast or tower, shorting 

the sections CC' and DD'. BE' and FF' are open-
wire transmission lines. This construction is only 
possible for one fixed frequency. 

Since the aerial system is usually required 
to turn in azimuth and elevation relative to 
the remainder of the equipment, a rotating 
joint is necessary. The basic method- of 
construction, employing the quarter-wave 
principle, is shown in Fig. 34. As the 
quarter-wave section is open-circuited at 
CD, the, impedance across AB is zero, thus 
effecting the required connection between 
the two lengths of outer conductor. 
The power-handling capacity of the 

feeder depends upon the spacing between E. 
conductors, and can be increased by in-
creasing the dimensions. In practice, there 
is, however, an upper limit to the permissible size. If, for any given 
frequency, the diameter of the outer conductor is increased above a 
certain size, the feeder is capable of acting as a waveguide, an action 
which interferes with normal propagation. For wavelengths of about 
10 cm. the feeder diameter cannot be made greater than about 211 in.. 
or a little less. This naturally sets a limit to the power that can be 
transmitted by co-axial feeder at the higher frequencies. 

Waveguides 

A waveguide normally consists of a metallic tube which may be either 
circular or rectangular. Subject to certain conditions, such a tube 

D 

lb) 
32.—Co-AxIAL FEEDERS. 

Inner conductor supported on dielectric spacers. 

(a) (b) 

FIG. 33.—CO-AXIAL FEEDERS. 
Inner conductor supported by quarter-wave stubs. 

b., 
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4 

D 

FIG. 34.—ROTATING JOINT yoR. CO-AXIAL FEEDER. 

permits electromagnetic energy to travel through it in much the same 
way, although at a ' lwer velocity, as radiation can travel through 
space. 
The fact that a waveguide must have a minimum dimension which is 

proportional to the working wavelength explains why waveguiees are 
only practicable for the higher frequencies. For such frequencies, 
however, they possess definite advantages over co-axial feeders. The 
absence of an inner conductor results in considerable mechanical 
simplification, and the power-handling capacity and attenuation are 
both improved. 
The advantages of wave_uides may be enumerated as follows: 

(1) Complete shielding and therefore no radiation loss. (2) No di-
electric loss. (3) Copper loss less than that of a co-axial line of the same 
size operated at the same frequency. (4) Greater power-handling 
capacity than for a co-axial line cf the same size. This arises because 
power is proportional to E', since a waveguide has no centre conductor, 
the distance between opposite potential surfaces for equal external 
dimersions is twice that of a co-axial line. This means that the wave-
guide can handle larger voltages without arcing over, and therefore 
more power. (5) Finally, construction with a waveguide feeder is 
simpler than with co-axial line. 

DUPLEXING 

Tho parallel problems of (a) avoiding power losses in the receiving 
circuits during transmission, and in the transmission circuits during 
reception, and (b) protection of the receiver during transmission, is 
sometimes solved by using separate aerials for transmission and recep-
tion. Since this method is uneconomical, a common aerial is generally 
employed, together with some form of electronic switch which performs 
functions (a) and (b) quite satisfactorily. 

This switch depends for its action upon the properties of quarter-
wave and half-wave sections of transmission line or waveguide when 
used in conjunction with spark gaps and/or resonant cavities. The 
system is described under duplexing systems. 
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The problem of switching is simplified to a certain extent by the 
fact that the impedance of the transmitter during operation is different 
from that during resting periods. Fig. 35 shows the principle and 
simplest form of T.R. switching. T is a junction point in the feed line, 
where the receiver feeder joins the transmitter feeder, both being 
connected to the radiator via the third feeder. For purposes of illustra-
tion it is assumed that the characteristic impedance of the transmission 
line, the feed-point resistance of the aerial, the input impedance of the 
receiver and the output impedance of the transmitter when generating 
radio-frequency po .ver are all 250 ohms. The transmitter output 
impedance rises between pulses to 5,000 ohms, and the resistance of the 
conducting gap is 50 ohms. The pulse from the transmitter divides at 
the T-joint; part goes to the receiver branch and causes the spark-
gap to break down, and the rest goes to the aerial. The breakdown of 
the spark-gap places a resistance of 50 ohms across the 250-ohm line 
just a quarter-wavelength from the T-junction. By transmission-line 
theory, the T-junction end of the quarter-wave line, now terminated 
in 50 ohms at the receiver end, will exhibit an impedance of 1,250 ohms 
at the T-junction, and the transmitter pulse has the choice of a 1,250. 
ohm path to the spark-gap or a 250-ohm path to the aerial. Since the 
aerial terminates the transmission line in its characteristic impedance, 
most of the energy passes to the aerial, whilst the remainder is used to 
keep the spark-gap going. 
At the end of the pulse the gap is deionized and receiving signals 

reach the T-junction. Again there is a choice of two paths. The 
receiver path has an impedance of 250 ohms (since the spark-gap is Jnow 
open-circuited). The path to the transmitter is, however, made a half 
wavelength, and since this is terminated in 5,000 ohms, received signals 
coming towards the T-j unction meet an impedance of 5,000 ohms. 
Most of the received signal now goes to the receiver, and very little gees 
to the transmitter. 

T.B. or A.T.R. Switch 

When the output resistance of the transmitter does not change 
sufficiently to allow the use of a resonant line alone in blocking receiver 
signals from the transmitter, a second spark-gap and a second switch, 
the T.B. (Transmitter Blocker) or A.T.R. (anti-T.R.) switch, are used. 
In Fig. 36 the transmitted pulse passes down the line to spark-gap 2, 
and causes it to aro over, the resulting short-circuit is reflected back to 
the main feeder as a high impedance by the action of the quarter-wave 
line. During the transmitted pulse, the T.B. switch merely uses a small 
amount of power in its spark-gap and the T.R. switch functions as 
before. The T.B. switch is in effect an open-circuit during the resting 
period because the shorting bar which is a quarter-wave below the gap is 
reflected by the half-wave line of the T.B. switch, as a short-circuit 
across the transmitter feed line. This is reflected in turn to the T-
junction as a high impedance by the qu •ter-wave section of the feed 
line between the two joints, thus blocking the transmitter channel for 
all received signals. 

T.R. Switching applied to Waveguides 

A similar system is used to perform the T.R. function when wave-
guides are used. Instead of the resonant lines, however, resonant 

FF 
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35.—ELEMENTARY 
ARRANGEMENT FOR 

T.R. SWITCHING. 

The pulse from the 
transmitter divides at 
the T-joint; part goes to 
the receiver branch and 
causes the spark gap to 
break down, the rest goes 
to the aerial. 

cavities are employed with internal spark-gaps across the high-potential 
sides of the cavity. 

Duplexing at NlicrowaveFequeactes 

The same general considerations apply as in the case of longer wave-
lengths, but as the mixer input circuit for microwave operation is 
subject to damage more easily than the comparatively sturdy radio. 
frequency amplifiers which form the input circuit at lower frequencies, 
special protective measures must be taken. The T.R. cell must be very 
carefully designed if it is to protect the crystal used for mixing satis-
factorily. A gas-filled gap must be used, and since the voltage drop 
across the gap, once the discharge has started, is nearly independent of 
the current flowing, the principle of transformer action must be em-
• ployed in order to keep down the effective value of this voltage as seen 
from the receiver circuit. This " transformer " is a resonant cavity 
with a high Q. 

AERIAL CONTROL 

It is frequently necessary to drive heavy aerials at varying speeds, in 
either direction of rotation, and to maintain accurate control of their 
motion. Special D.C. motors must generally be used for this purpose. 
A simple drive for rotating, under control, a radar aerial, is shown in 
Fig. 38. The D.C. generator, direct-coupled to an A.C. motor, has its 
field connected to a potentiometer in such a way that the magnitude and 
polarity of the voltage applied to the armature of the D.C. motor can 
be varied, and the aerial can be rotated in either direction, at any speed 
from zero to maximum. 
The basic system has a number of limiting factors. As a rule, it is 

desired to control the directon in which the aerial points, and the aerial 
may be required to rotate continuously for normal searching, or to be 
turned only a few degrees in azimuth to determine the bearing of a 
particular target. Also the driving system must be capable of supply-
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FIG. — ANOTHER 
FORM OR T.R. SWITCH-

ING. 
A second spark gap is 

employed when the 
simple T.R. switch 
affords insufficient pro-
tection. 
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ing sufficient power to make e large aerial rotate in step with the 
controls in spite of varying wind pressure. Devices used are the magelip 
or the " Selsyn ". 
Such a system is shown in Fig. 39'. The field supply for the aerial. 

driving motor and the D.C. generator is obtained from a small self-
excited D.C. generator, driven by an A.C. motor. The D.C. generator 
field supply from the exciter is regulated by a resistance-bridge arrange-
ment. When the bridge is balanced, the voltage supply to the field of 
the D.C. generator is zero and the aerial-driving motor is stopped. 
Any change in the resistance of the balancing arms results in field 
current to the D.C. generator, the resulting rotation depending upon the 
magnitude and direction of the change taking place in the electrical 
equilibrium of the bridge. The shorting contacts are operated by a 
lever arm L geared to a differential Selsyn motor. Thus the speed and 
direction of rotation of the aerial are determined by the lever arm, 
which controls, via the shorting contacts and the bridge, the magnitude 
and direction of the voltage impressed on the main D.C. generator field. 

If the handwheel is turned when the aerial is in the stopped position, 
G 3 energizes- the stator of the differential Selsyn and the rotor DMi 
turne, causing a deflection of the lever arm L. This deflection raises 

the shorting contacts momentarily tt. change 
111%.11808 to a new shorting position. The D.C. gen-

erator field is energized, and the drive motor 
tilt= the aerial in the same direction as 
the handwheel was operated. The system 
GiMi forms a remote indicating system. 

•EK101•11T 
Cleat. 

FIG. 37.—T.R. SWITCHING FOR WAYEGGIDE 
SYSTEMS. 

A resonant cavity and spark gap are employed. 
The T.R. box is coupled to the waveguide by slot 
1 and coupled to the receiver via slot 2 and the co-
axial line. 



18-40 RADIO AND TELEVISION REFERENCE BOOK 

Airborne aerials often include stabilizing devices to eliminate dis-
tortion due to roll and, sometimes, pitch. In " line-of-sight " stabiliza-
tion, the scanner base is fastened rigidly to the aircraft, and the beam is 
held pointed in the right direction by lifting the aerial as the scanner 
rotates. The scanner of a well-known cloud and collision warning' 
equipment consists of a paraboloid illuminated by a back-fed dipole 
and reflector, stabilized in both roll und pitch so that whatever the 
altitude of the aircraft within the limits of + 10° in pitch and ± 45° 
in roll, the scanner reference platform is horizontal. A gyroscope is 
used as reference for stabilizing purposes, in conjunction with the servo 
amplifier unit and stabilizing motors. 

Marine Radar Aecials 
The aerial is mounted as free as possible of the obstacles on shipboard; 

such as the funnel, ventilators, derricks, etc., in order to be able to 
search the horizon freely. It is usually placed on a special mast 
equipped with a platform. Although high mounting is necessary in 
order to achieve a large maximum range, it is not desirable from the 
standpoint of minimum range, as the beam may then pass beyond 
nearby objects such as buoys. 

Airborne Radar Aerials 
The size of an airborne aerial is limited by the finite size of the air-

craft, and by the possible reduction in aircraft performance resulting 
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SPEED AND 
DIRECTION 
CONTROL 
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SUPPLY 

Fro. 38.—SIMPLE AERIAL DRIVING SYSTEM. 

Special D.C. motors must generally be used, as the aerial must be driven at varying 
speeds in either direction of rotation. 
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FIG. 39.—AERIAL DRIVING SYSTEM. 

This more elaborate system employs a differential Selsyn motor, to which the lever 
arm L is geared. This system supplies sufficient power to make a large aerial rotate 
In step with the controls despite varying wind pressure, and allows the aerial to rotate 
continuously or to be turned only a few degrees by hand for examination of a par-
ticular target. 

from increased drag. The necessity for a radar view of the ground 
restricts the possible locations. Aerials are commonly installed in the 
,nose, in the bottom of the fuselage, in the leading edge of a wing or in a 
separate nacelle mounted above the fuselage. A removable, stream-
lined installation hung beneath a wing can contain all the radar com-
ponents except the control panel and indicator. 

TRANSMITTERS 

Transmitters for radar may be classified under two main headings, 
viz., transmitters for frequencies up to about 400 Mc/s, and transmitters 
for frequencies above this value. This fixat classification arises from the 
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fact that triodes and special triodes may be used in R.F. generating 
circuits, efficiently, up to about 400 Mc Is ; for frequencies above this 
value, the magnetron is almost universally employed. 
The limiting frequency for triodes and special triodes is brought 

about by: 

(a) Inter-electrode capacity of the valve. 
(b) Inductance of the electrode leads. 
(e) Transit time of the electron. 
(d) Physical shrinking of external capacitances and inductances 

to impracticably small sizes. 
(e) Consequent approach to the frequency limit of the valve 

itself, i.e., the oscillation frequency that will occur due to its 
internal capacities •and inductances when the electrodes are 
externally connected in circuit by the shortest possible conductora. 

(f) Losses due to: skin effect, large capacitance charging currents, 
eddy current losses in adjacent conductors, dielectric loss in the 
glass envelope, seals and pinches, energy loss by direct radiation 

from the circuit. 

Special triodes have been employed for frequencies up to 600 Mots, but 
generally in very small transmitters at considerably reduced efficiency. 

Classification of Transmitters 
Sub-classifications of transmitters relate to the method of pulsing: 

(1) transmitters included in the first classification, up to about 400 
Mc /s, may be either self-pulsed or pulsed by the application of a high. 
voltage power pulse developed externally; (2) transmitters for fre-
quencies above say, 400 Mc's, and using a magnetron, are always 
externally pulsed by the application of a very high-voltage high-power 
¡pulse developed externally from the magnetron itself. The magnetron 
and its associated input and output circuits convert this high-voltage 
high-power pulse into a pulse of R.F. at the required carrier frequency. 

Classification of Pulsing Systems 

The important difference in the two forms of pulsing is that when a 
self-pulsed transmitter is used it develops its own repetition frequency, 
and the repetition frequency so developed is used to synchronize the 
other units of the system. The frequency of self-pulsing R.F. generators 
is not, however, very stable, and therefore the repetition frequency is 
not sufficiently constant for use with sets required for accurate measure-
ments. It has the advantage, however, of being economical as regards 
space and weight and is relatively simple to operate. Self-pulsed R.F. 
generators are therefore used when some instability of the repetition 
frequency can be tolerated and when lightness, simplicity and compact-
ness aro important. 

High-voltage, high-power pulses for application to R.F. generators 
can be developed either at low level or at high level. High-voltage, 
high-power pulses, developed at low level, can be produced at any 
desired repetition rate, and the degree of rate stability can be estab-
lished within very narrow limits of variation. This method, however, 
employs a large number of circuits, occupies considerable space and adds 
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to the weight of the equipment as a whole. It can be used for very 
precise measurement, and in cases where a suitable A.C. frequency 
supply or other means of synchronizing is not available. The block 
diagram in Fig. 40 is an example of the method employed in producing 
high-voltage high4Dower pulses from a synchronizing signal at low-
voltage level. 

Fig. 41 shows the method of producing high-voltage high-power 
pulses at high level. In this method the frequency of the discharge of 
high voltage across the spark gap determines the repetition frequency, 
and the other units of the radar system are usually synchronized by a 
pulse from the transmitter when the high-level method is employed. 
This method has several advantages. In the first place it can deal with 
pulses of very high power, since a spark gap can be designed to operate 
at any reasonable voltage. Voltages employed in this system to produce 
the necessary power may be of the order of 30,000 volts or more, and 
tho peak power developed may be of the order of a megawatt 
The combination of artificial line, together with a rotary discharger, 

is simple and highly efficient. It suffers from two disadvantages, 
however, viz.: Some slight instability of the repetition frequency due 
to the vagaries.of the discharge. This is inherent in all spark gaps, 
because ionization as a prelude to discharge is itself somewhat irregular. 
Secondly, the waveform of the pulse from' the artificial line depends 
entiiely upon the goodness of the artificial line. In this system there is 
no possible opportunity to correct any defects in the waveform of the 
high-voltage high-power pulse output before it is applied to the 
magnetron. 

Frcim what has already been said regarding the classification of 
transmitters and the high-voltage high-power pulses by which they are 
fed, it is clear that examination of any radar system discloses that its 
composition must be analysed under two separate headings: 

1. The major units comprising the system. 
2. The pulsing system by which they are operated and 

synchronized. 

Three classes of pulses can be readily distinguished: 

(a) Trigger pulses proper. 
(b) High-voltage, high-power pulses to operate the R.F. generator 

for definite periods of time. 
(c) Low-voltage, low-power pulses, also having a definite time 

duration for various purposes. 

Development of Pulses 

Trigger pulse waveforms are generally sharp-pointed with steep 
leading edges; rising almost vertically to some given peak voltage. 
These pulses are generally used when it is desired to drive a valve into 
conduction or when it is desired to-drive it momentarily into the cut-off 
state. Synchronizing pulses, when they do r.ot combine a timing 
function, generally fall within the trigger-pulse classification. 

Trigger pulses may be developed from a sine wave by a sequence 
of shaping and dimensioning operations. These might be, for example, 
a limiting or slicing operation which roughly squares the sine wave, this 
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roughly squared output may then be improved by an operation per-
formed on it by an overdriven amplifier. The output from this stage 
is generally a good rectangular wave, with steep sides and a duration 
of approximately half the time period for one cycle of the A.C. input. 
The next operation is to develop a voltage wave, the peak value of which 
is proportional to the rate of change of the input voltage across the 
resistance in an RC circuit (differentiation). In this way a voltage 
wave with a sharp-pointed peak and steep leading edge may be de-
veloped at a repetition frequency equal to that of the input sine wave. 
Such pulses are very suitable for synchronizing, with or without 
amplification, according to requirements. 

Low-voltage, low-power pulses may be developed in a variety of 
ways and are suitable for synchronizing and timing the duration of 
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FIG. 40.—DEVELOPMENT or HIGH-VOLTAGE, HIGH-POWER PULSES AT 
Low LEVEL. 

An example of the method used to produce pulses of this nature from a synchronizing 
signal at low voltage level. 

operation of time-base generators, range-mark generators, strobe 
generators, brightening pulse generators and vrxious similar functions 
in the indicator and the receiver circuits. 
These low-voltage, low-power, time-control pulses may be developed 

from a since-wave input by squaring operations similar to those em-
ployed in the initial stages of development of the trigger. pulse, but 
instead of a differentiating operation following upon this, the output 
square wave obtained from the sine wave must be adjusted for time 
duration. This means that the width of the fiat top must be made 
proportional to any time duration that may be requited. This opera-
tion can be performed by an amplifier having an input circuit somewhat 
similar to that which is used for the production of trigger ptilses, but 
the amplifier is biased In a different manner. On the other hand, 
alternative circuits are available for producing low,voltage; low-power 
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pulses such, for example, as one of the many forms of multi-vibrator 
circuits, the phantastron, the artificial line, etc. 

In general, the pulsing system for any assembly of major units may be 
laid out in several ways, by using different combinations of pulses and 
pulse-generating circuits. 

The object of the radar engineer is, of course, to lay out the pulsing 
eye= in the most efficient and economic manner, hence radar systems 
differ widely, not only in respect of the types employed for the major 
unite, but also in respect of the entire pulse-system layout, which is 
designed to be suitable for the requirements of the type of major unite 
employed, and at the same time as efficient and economical as possible. 
Beyond the very general statement that circuits and devices for 

shaping and dimensioning (electrically), the large variety of pulses used 
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FIG. 41.—DEVELOPMENT or HIGH -VOT.TAGE, HIOR-POWER PULSES 
AT HIGH LEVEL. 

The peak power developed In this system may be In the region of 1 MW. 

in radar depend largely upon the deliberate introduction of distortion 
into amplifier circuits, it is not possible, in the space available, to attempt 
any detailed description of how these functions are performed. It can, 
however, be said that a knowledge of the factors which produce distor-
tion in amplifier circuits asid the manner in which they operate is 
essential. 

The Sell-pulsing Oscillator 

In the circuit shown in Fig. 42 the R.F. frequency is determined by 
the L.C. constants of the circuit. Bias for the valve is provided by 
grid current which charges Cl through the cathode-grid resistance R1. 
14,1 permits Cl to discharge during the portion of the cycle in which the 
grid is not positivo to the cathode. The result is that the bias on the 
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grid is proportionate to the voltage across the grid-input circuit and 
stable oscillation conditions exist. 

If the time constant of Cl, R1 is increased by increasing either C or 
R the charge on Cl cannot leak off fast enough to follow the fluctuations 
of voltage caused by irregularities of the electron stream. As a result 
the charge on Cl grows with each successive cycle, until a point is 
reached where the voltage across Cl is too high to permit feedback of 
the amount of energy required from the anode circuit to maintain 
oscillations. Oscillations therefore cease, and cannot start again until 
the voltage across the condenser Cl has fallen, by leakage, to a value 
sufficiently small to pass from the anode circuit the necessary amount 
of feedback required to start up the oscillatory action of the valve again. 

Push-Pull R.P. Generator Circuit 
The R.F. generator shown in Fig. 43 is a tuned grid, tuned anode 

push-pull self-pulsing oscillator, using pairs of quarter-wave' sections 
of transmission line to act as parallel resonant ,.ircuits in place of the 
usual coils and condensers. 
The use a quarter-Wave transmission lines provides a high " Q " 

for the oscillatory circuits, and the R.F. frequency stability of the 
generator is therefore good. Oscill ttors of this type are usually designed 
to have as much inductance as possi'4e and to oscillate with the valve 
internal capacities, the latter providing th,. channel for the necessary 
feedback for the maintenance of oscillations. In a push-pull type of 
oscillator, the inter-electrode capacities are in series and, therefore, 
their effective capacity is reduced to a minimum. The charging 
currents aro also half the value of that for a single valve. 
The transmission lines forming the external resonant circuit are 

extensions of the internal leads to the valve electrodes. By this 
arrangement the inductance of the internal leads is used as part of the 
oscillatory circuits. The " Q" of the circuit is large because the 
inductance and capacity of the external resonant circuit are distributed, 
and because the skin effect can be reduced by using conductors of large 
diameter (with consequent large circumferential conducting area). 
Resistance cattle, further reduced by silver plating the tubes forming the 
resonant lines. 
The length of the quarter-wave line in the grid circuit is physically 

less than the quarter-wave line in the anode circuit, because the internal 
capacity from grid to cathode is greater th.n the internal capacity from 
anode to cathode. 

Theoretically the shortening bar has zero potential at its electrical 
centre. It is therefore convenient to connect the H.T. + to this point. 
Energy in the anode circuit is coupled to the feeder by the circuit 
marked TB. This acts effectively as the secondary of a transformer. 
The two-wire transmission line to the feeder is connected to the coupling 
line at the point at which the impedance of the coupling line is equal to 
the impedance of the transmission line. 
The synchronizing pulse for the indicator circuits—to synchronize 

the start of the time-base generator and the brightening of the trace to 
the start of the transmitter—is taken across R. The by-pass and 
filter circuits in the filament leads are mainly for the purpose of reducing 
the effects of negative feedback and the loss of outp.ut power that would 
result from this undesired effect. 
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Pulse Control 

Cl and RI, the vaines of which control the pulsing action, are shown 
in Fig. 43 and marked accordingly. The duration of the pulse is deter-
mined by the capacity of Cl, i.e., by the time required to charge it. 
This time is affected by any factor that affects the magnitude of the grid 
voltage such, for example, as the tuning of the primary to the secondary, 
the value of the H.T. voltage, the tuning of C2 to the coupling line, the 
position of the transmission line taps and the degree of coupling. 
When the transmitter is tuned for maximum power output, therefore, 

the pulse duration is controlled by the capacity of Cl. The pulse-
repetition rate cm n be varied by most of the adjustments that affect the 
pulse duration. Changing any one of these values causes Cl to be 
charged to a slightly different voltage, and it therefore takes a different 
time for Cl to discharge to the voltage 
at which the valve can again begin to 
oscillate. The practical method of 
altering the repetition rate is to change 
the value of RI, which is usually made 
variable, in steps, for this purpose. 

Magnetron R.F. Generators 

Fig. 44 shows the input and output 
circuits for a magnetron R.F. generator. 
Fig. 44 (a) is without pulse transformer. 
Fig. 44 (b) is with pulse transformer. 
The functions of the pulse transformer 
are: ( 1) to match the output conditions 
of the pulse-forming circuit to the input 
of the magnetron; (2) to permit the 
magnetron and waveguide assembly to 

be located remote from the main This circuit can be arranged as a 
operating position, i.e. close to the self-pulsing oscillator by adjusting 
aerial; and (3) to enable a lower volt- the values of C, and it,. 
age to be generated in the primary cir-
cuit, since it can be stepped up to the required value before application 
to the magnetron. 
The output from the magnetron is via the small looped probe which 

feeds directly into the wavoguide feeder system. Matching is per-
formed by the piston marked PN in the sketch. 
The magnetron used in modern radar transmitters is of the resonant 

,type and is a development of the split-anode magnetron. 

RECEIVERS 

FIG. 42.—HARTLEY TYPE 
OSCILLATOR. 

Radar receivers are generally of the superheterodyne type. The 
essential requirements are that they should be sensitive (minimum 
sensitivity being of the order of 1 µV per metre at least), the signal-to-
noise ratio should be high, the band width of the I.F. stage should cover 
the video frequency range, and all circuits must be designed for minimum 
distortion. 
When automatic gain control is applied to a radar receiver, it is 
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Tuned grid, tuned anode, push-pull, self- pulsing R.F. generator for use at about 
100-200 Me/s. 
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essential to be able to apply it to one particular selected signal and not 
to any others that may be present. This is necessitated by the fact that 
fading of signals from one direction is generally different from that which 
may be experienced from others. In order to comply with this require-
ment, arrangements are provided whereby the operatar can move a 
control to select and track any given echo. Manipulation of the control 
causes automatic gain control to be applied to the particular echo which 
is being tracked. 
Automatic frequency control is also essential, particularly on precision 

measuring sets, in which waves of the order of 10 cm. and below are 
employed. 
Any small change in frequency of either the local oscillator or of the 

transmitter frequency affects the beat frequency and hence the voltage 
developed across the I.F. itiput circuit. Signals passed to the I.F. 
circuit are generally very small in magnitude at ultra-high frequency, 
and therefore any reduction on the beat signal applied to the I.F 
input cannot be tolerated. In order to avoid rich losses, arrangements 
are made to maintain the beat frequency constant by automatically 
adjusting the frequency of the local oscillator, to compensate for any 
change in beat frequency due either to a change of frequency of the local 
oscillator itself or to a change in the output from the transmitter. 

Essential Requirements 

The requirements of a high degree of sensitivity and high signal-to-
noise ratio are easily understandable. If the received echo is weak, or 
if the signal-to-noise ratio is abnormally low, the echo becomes in-
distinguishable, with any degree of accuracy, from irregularities on the 
trace caused by receiver noise (grass). It is also obvious that the ability 
of a receiver to make use of the minimum possible signal determines the 
extreme range of useful echo signals for any given transmitting power. 
Thus, it is evident that the efficiency of the entire system depends to a 
greater degree upon the sensitivity and efficiency of the receiver than 
upon the power output from the transmitter. In other words, it is 
easier and more efficient to obtain useful range by improving the per-
formance of the receiver, than to increase the power of the transmitter. 

Since the R.F. envelope of energy radiated is rectangular in shape, it 
follows that the echo which returns takes the same form. It is also 
clear that a well-defined leading edge is desirable in order that accurate 
measurement along the trace to the leading edge of the transmitted 
pulse may be made. The analysis of a square wave shows that it is 
composed of an infinite number of sine waves of different frequencies and 
phases, wherefore the frequency band required to pass a square wave 
undistorted is, in theory, infinite. 

In practice, however, it is possible to tolerate conditions which are 
ass severe, and it is generally accepted that a band-width of from 1 cis 
to approximately 2 Mc/s is sufficient to pass a reasonably square wave. 
This corresponds roughly to the requirements of television. In con-
sequence of this the I.F. stage must be designed to pass a suitable band 
of frequencies within these limits. A complication arises, however, 
because the signal-to-noise ratio of a receiver falla as the band width is 
increased, and rises as the band-width becomes narrower. The result of 
this is that the best possible compromise must be effected, having regard 
to the application for which the particular set is designed. For example, 
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since accuracy of measurement is not the most important requirement 
for long-range warning sets, a narrower band width can be tolerated in 
order to increase the signal-to-noise ratio, and so to promote the 
efficiency of the receiver. When very precise measurement is required, 
the band-width must be such that an undistorted pulse envelope is 
passed. In this case the signal-to-noise ratio of the receiver falls, and 
therefore the need arises for a stronger echo to enable it to be clearly 
distinguished from the noise (grass). Grass in radar terminology is 
applied to the fringing of the trace produced by noise voltages in the 
recei ver. 
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From that which has already been said about square waves, it 
follows that all amplifier circuits in the receiver must be designed to 
pass a square wave with minimum distortion. The output from the 
receiver is at video frequency 

In cases where it is necessary to render the receiver inoperative during 
the transmission period, in order that it may be in a condition to 
receive echoes from nearby signals immediately after transmission has 
ceased, a pulse may be provided, either to increase the nAgative bias on 
—say—the first two valves of the intermediate stage during the trans-
mission period, or the H.T. may be removed from the anodes of these 
valves during the pulse time of the transmitter 
When the signal-to-noise ratio falls below a ratio of 1: 1, as it tends 

to do with increase of frequency, R.F. amplification is abandoned alto-
gether, since it only tends to aggravate the trouble. At the higher 
frequencies, therefore, the I.F. is obtained by causing the output from a 
klystron, used as a local oscillator, to beat with the received R.F. 
Mixing is performed by a crystal operating in a resonant cavity. This 
arrangement is shown in Fig: 45, where it will be noted that the equiva-
lent circuit shows a resonant cavity acting as a parallel resonant-tuned 
circuit. 
The frequency of the klystron can be controlled, within narrow limits, 

by the voltage on its repeller electrode, and this is the method adopted 
when automatic frequency control is applied. 

RADAR NAVIGATION • 

Since the impression made by a P.P.I. picture differs considerably 
from that made by a conventional navigation chart, it is obvious that 
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special radar maps and charts are of great assistance to the navigator. 
Admiralty charts for use on radar-equipped ships are available. 

Correction for Ship's Motion 

In a normal P.P.I. display the ship's position is represented by the 
centre of the screen, with the top of the picture representing either the 
direction in which the ship is travelling or, if gyro-compass stabilization 
is used, a fixed position, which is usually north. Movement of other 
ships and " fixed ' objects are apparent from the trails behind the spots 
produced on the screen by the various echoes, as a result of afterglow. 
These trails can give .an idea of the speed and direction in which the 
objects are moving. The movements are, however, all relative to the 
ship, and true directions and speeds are not immediately apparent; 
fixed objects will also appear to have an apparent motion directly 
towards or away from the observer. 
A navigator may often be able to appreciate the general situation 

more quickly and easily if presented with a display in which fixed objects 
are shown as such, with moving objects marked temporarily, their 
position being altered from time to time. Such displays are known 
under such names as " True Motion ", " Track Indication ' and " Chart 
Plan" presentation. 

This can be achieved on the radar screen by arranging tor the time-
base sweep on the P.P.I. (having a north-upwards stabilized picture) to 
start from some position other than the centre, and arranging for this 
starting-point to be automatically moved across the screen to corre-
spond with the actual motion of the ship. To carry this out in practice 
it is necessary to have information on the speed and course of the 
ship. The former can be obtained from the electric logs commonly 
fitted on ships, the latter from a gyro compass. 
In due course the starting point will run off the screen and must then 

be re-set to the original starting-point. This may be done auto-
matically or by means of a manually operated switch or push button. 
If the information fed in represents the ship's speed, as distinct from 
distance run, some form of electronic integrating circuit must be used 
to convert speed to distance. 

Radar Beacons 

Radar beacons, also called responder beacons, transponders and 
racons, consist essentially of a receiver, which picks up pulses from a 
radar transmitter, and a transmitter, triggered by the output of this 
receiver, which emits signals which can be detected by. the radar 
receiver. Because the power transmitted by the beacon is independent 
of the strength of the radar signal which triggered it, beacon signals 
may be seen by radar • cei, trs at much greater distances than ordinary 
echoes Since the be -con gives bearing and range, only one is necessary 
to determine position. The beacon can also be inade to transmit a 
characteristic signal, for instance " dot-dash ". The distinctive group 
of signals then seen on the screen cannot be mistaken for an echo from 
a normal target; the first of the series of pulses reaches the receiver at 
very nearly the same time as would a normal echo and shows the 
relative positions of beacon and receiver, while the other pulses identify 
the beacon. See Fig. 46. 
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FIG. 46.—PICTURE ON THE SCREEN OF TIIE TRANSMISSION FROM 
RESPONDER BEACONS (RACONS). 

One disadvantage of responder beacons is that if two radar sets are 
interrogating the same beacon and both aerials are directed at it, each 
operator will see the beacon's replies to the other. 

Experiments are being conducted with beacons which transmit either 
continuously or according to a certain time-code, but in each case 
independent of interrogating signals. 
. For most applications in the microwave region, the frequency of the 
beacon transmitter is not the same as that of the radar transmitter. 
If signals from these beacons are to be received, the receiver must be 
switched to that frequency with a special control, or a second receiver 
must be used. This system is preferred for aircraft, but for marine use 
it is usually more useful if the P.P.I. picture and the beacon are visible 
at the same time. If a radar beacon is to transmit in such à way that 
every 3-cm. ship's radar can receive its pulses without switching to a-
special frequency, it will be necessary for the beacon to transmit on a' 
very broad frequency band. Such beacons are being constructed, and 
may be used more and more in the future. 

In marine applications beacons are an important aid to navigation. 
For inshore navigation and pilotage especially, the advantages of 
obtaining accurate fixes from shore points are obvious. 
As aids to air navigation, beacons are installed both on the ground and 

on the aircraft themselves. Ground beacons can be used not only for 
fixing position but also for course indication. 

Secondary Surveillance Radar 

To overcome the limitations of eimary-surveillance radar equipment 
for long-range air-traffic control, increasing attention is being given to 
secondary-surveillance radar systems, in which a transponder is carried 
in the aircraft and automatically retransmits the radar signals received 
by the aircraft. As the transponder frequency is normally different 
from the interrogation frequency, the response can be easily distin-
guished from primary-radar reflections, and the serondary-radar 
display will be free from ground clutter and cloud reflections. The main 
disadvantage with the system is that transponder equipment must be 
carried in the aircraft. By coding the reply from the transponder, 
positive identification of particular aircraft is possible. In for example 
the Cossor Type 1 Secondary Surveillance Radar equipment the control 
and interrogator frequencies are 1,215 Mcis; control-transmitter peak 
power 5 kW; interrogator-transmitter peak power 1 kW; transponder-
transmitter frequency 1,375 Mcis; transponder peak power 200 watts. 
The airborne equipment weighs 30. lb., excluding cables. 
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" Sarah " 
The" Sarah " (Search and Rescue and Homing) apparatus is intended 

to provide location signals for distressed persons by means of a small 
radio-beacon transmitter attached to the " Mae• West" life jacket. 
The equipment carried by the operator comprises a radio-beacon trans-
mitter with aerial, a speech unit and battery, with a total weight of 
52 oz. The beacon equipment transmits a coded pulse generated in an 
optimized squegging oscillator with a repeating sequence controlled to 
provide groups of pulses at a suitable low pulse repetition frequency. 
The characterized pulse spacing in each pulse group provides a type of 
display on the cathode-ray tube of the rescue receiver which permits 
ready identification of different beacons. ' By time-sharing methods, a 
right and left aerial on the search aircraft are arranged to display 
beacon spikes eithrr to the right or left, respectively, of the vertical 
reference trace. 

RADAR SONDE 

Radar Sonde, which has been developed by the Telecommunications 
Research Establishment working on behalf of the Mefeorological 
Office and. by Milliard, Ltd., represents a marked departure from 
previous radio-sonde methods. Earlier methods, which involved the 
use of an airborne transmitter continuously radiating and the use of a 
radar reflector for wind velocity and range measurement, employed 
several different methods for the transmission of information, including: 
. variation of carrier frequency, variation of audio modulation, chrono-
metric coding and Morse coding. 
The new system is designi• ior the measurement of wind speed, wind 

direction, height, temperature, pressure and humidity; it is fully 
‘utomatic, and slant ranges in excess of 100 nautical miles are obtain-
able, allowing accurate measurements àf strong winds at great heights. 
Pressure, temperature and humidity are telemetered to an accuracy of 
0.1 per cent, though the meteorological measuring elements may not be 
capable of accuracy of this order. 
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AIRBORNE UNIT GROUND STATION 

FIG. 48--SCHEMATIC DIAGRAM OF COMPLETE RADAR W IND AND RADAR SONDE THEODOLITE. 

(Midlard Ltd.) 
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Each equipment comprises a fully automatic ground radar inter-
rogator and computer station, which operates in conjunction with 
airborne transponder units. These units are suspended from balloons 
capable of ascending to a height. of 100,000 ft. The balloon carries a 
container which holds temperature-, pressure- and humidity-sensitive 
elements. These are connected to a transmitter so that, when the 
receiver in the airborne equipment is interrogated, a coded signal is 
transmitted containing the meteorological information. For radar 
wind operation only, there are no meteorological units, and the airborne 
transmitter, upon interrogation, gives off plain answering pulses so that 
the time interval between sent and received pulses on the ground is a 
measure of distance. The send and receive frequencies are different, 
and are selected to suit the differing conditions of operation between the 
ground and airborne systems. This secondary radar system allows 
greater ranges to be obtained than could be economically achieved with 
primary radar. Facilities of this equipment include: (a) auto-follow 
of balloon in direction and range; (b) auto-computation of wind speed 
and direction; (c) auto-computation of temperature, pressure and 
humidity; (d) auto-recording of all results. 

Operation 
The balloon unit is continuously interrogated from the ground station. 

In the case of radar wind airborne units, the interrogating pulse ie 
received and fed to a modulator which triggers the airborne transmitter. 
The time interval between interrogating and responder pulses is a 
measure of ballbon range, and the rate of change of this interval is a 

measure of wind speed. 
In the case of radar-sonde airborne units the received signal is fed to 

a modulator stage, both directly and via a variable delay stage. Thus a 
single interrogation pulse initiates two responder pulses having a 
variable time displacement. The delay time is determined by the three 
meteorological elements, which provide telemetering signals represent-
ing temperature, pressure and humidity measurements. A fourth, 
calibration, element is also provided. 
The airborne signals, having been picked up by the ground station, 

are passed to e receiver and the resultant video signal fed to four units. 
These are: 

(1) Auto alignment unit, which corrects any misalignment of the 
receiving aerial in elevation or azimuth. 

(2) Auto ranging unit, which computes the range of the airborne 
units (a crystal calibrator providing reference information). 

(3) Display unit, which presents the responder pulses on a 
cathode-ray tube, superimposed upon a calibrated scale. A double 
-trace is provided, giving coarse- and fine-range measurement. The 
crystal calibrator provides the calibration markers. 

(4) Telemetering unit, which computes the meteorological 
information, which is then recorded by four pens, and the tele-

printer. 

The outputs from the auto-alignment and auto-ranging units are also 
fed to the wind computer, which derives the instantaneous wind direc-
tion, and to the wind recorder, housing the pen rçcorders, which present 
wind-speed and true-height records. 
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FIG. 49.—BLOCK SCHEMATIC OF THE AIRBORNE RADAR WIND UNIT, 

(Midland Ltd.) 

Ground Station 

The transinitter radiates through a pair of Yagi aerial arrays with a 
power gain of eight. These aerials are vertically polarized and mounted 
un either side of the receiving paraboloid reflector. The transmitter 
consists of a blocking oscillator, buffer amplifier, modulator and a self-
oscillating output stage. The output stage, which operates on a 
frequency of 152.5 Mc /e, is a disc-seal triode. with co-axial cavities, and 
is pulse modulated to produce 2-microsecond pulses at a nominal peak 
power of 50 kW. It is triggered be the crystal oscillator. A wave-
meter and monitoring oscilloscope are built into the equipment. 
The crystal oscillator provides a crystal-controlled pulse at a repetition 

frequency of 404 cis for triggering the transmitter; this is obtained by 
frequency division from an 808-kc/s crystal oscillator. It also provides 
calibration markers for the range display cathode-ray tube and for 
computing circuits. At a frequency of 808 kc/s, one cycle corresponds 
to a target range of 0-1 nautical mile. 
The microwave signals from the airborne unit are received by a 

5-ft.-diameter paraboloid and nutating dipole, which produce a conical 

1/4  

FIG. SO.—BLOCK SCHEMATIC OF THE AIRBORNE RADAR SONDE UNIT. 
(Mullard Ltd.) 
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scan similar to that used in anti-aircraft fire-control radar. Any mis-
alignment of the aerial causes amplitude modulation of the incoming 
signal at the coning frequency of 11 c/a. 
The phase and amplitude of the modulatiób define the direction and 

degree of misalignment, and are the error signals in a servo system which 
corrects the alignment of the »rial. The aerial driving motors operate 
over a speed range of 1-10,000 r.p.m. 
Tacho-generators coupled to the aerial motors provide bearing and 

elevation rate-of-change signals for the wind computer. 
The microwave receiver incorporates a co-axial crystal mixer and a 

13-Mo /s intermedicAe-frequency amplifier. Automatic gain control and 
automatic frequency control are provided, both being protected from 
interference by means of strobe gates. The frequency of the reflex 
klystron local oscillator is motor-controlled, and provision is made for 
automatic frequency searching and automatic locking on the correct 
channel. When the received signal-to-noise ratio falls below a pre-
determined level, indicating the end of the flight, a warning lamp glows. 

Airborne Unite 

The 152.4-Mcls interrogating pulse is received on a quarter-wave-
length aerial, by which the airborne unit is suspended from the carrying 
balloon. It is fed through a three-stage receiver, employing sub-
miniature valves, which provides an overall sensitivity of 2-5 mV. The 
video output pulses are fed to a modulator stage which triggers a self-
oscillating transmitter working on a frequency of 2,850 Mc/s. This 
transmitter provides a peak power of at least 30 watts, and uses a small 
disc-seal triode in a re-entrant cavity, to which is coupled a quarter. 
wavelength aerial fitted with a counterpoise. The apparatus is main-
tained at a constant temperature. 
The radar sonde unit incorporates in addition to the equipment above 

(fitted in the radar wind unit), the three meteorological units for the 
measurement of pressure, temperature and humidity. These in-
corporate an aneroid capsule, a resistance thermometer and a piece of 
gold-beater's skin element, respectively. 
The mechanical movements of the pressure and humidity elements 

are converted to voltage changes which, with the resistance thermometer 
voltage, are sampled consecutively by a motor-driven switch connected 
to a phantastron delay circuit. The phantastron is triggered by the 
received pulse, and produces a second pulse with a time delay of between 
0 and 1,000 microseconds, which is accurately controlled by the meteoro-
logical element. The modulator is triggered by the second pulse, so 
that a pair of pulses with a variable spacing of up to 1,000 microseconds 
is radiated back to the ground station. 
The pressure element is enclosed in the thermally insulated container. 

The stabilization of temperature in the telemetering circuit has enabled 
almost a tenfold improvement in accuracy to be obtained. 

All power supplies are derived from 6-5-volt, 2.5-ampere secondary 
batteries. The H.T. supplies are obtained from a vibrator producing 
100 volts at 25 mA and 800 volts at 1 inA. 
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19. AERONAUTICAL RADIO AND RADAR EQUIPMENT 

DESIGN REQUIREMENTS 

As far as mechanical design is concerned, airborne equipment must be 
as compact and light as possible within the limits of the overriding 
requirement of mechanical strength and electrical reliability. 

All airborne electronic equipment designed for civil or military use 
in the major countries of the world must conform to certain design 
standards. These standards are laid down by the relevant military 
authorities or by the body responsible in the country concerned for the 
licensing of civil aircraft. (Before an aircraft is granted a Certificate 
of Airworthiness, without which it is not allowed to fly, it and its equip-
ment must conform to certain standards of design and serviceability 
laid down by the licensing authority. Two such bodies are the Air 
Registration Board in the United Kingdom and the Civil Aeronautics 
Administration in the U.S.A.) 

It should, therefore, be assumed when designing arr airborne radio 
or electronic equipment that it will be required to conform to the 
standards laid down by the licensing authorities in the countries where 
it is expected to be sold. These standards are freely available from the 
bodies concerned, and as they are subject to periodical modification, 
they will not be dealt with in detail hero. In the United Kingdom the. 
relevant section of" British Civil Airworthiness Requirements" should 
be consulted for complete information on the standards required. 
Another useful guide is British Standard 0.100 issued by the British 
Standards Institution. In the ease of certain types of equipment whose 
performance characteristics are the subject of international agreement 
through I.C.A.O. (International Civil Aviation Organization), certain' 
standards are also published by that body, and should be consulted 
(for example, such equipments as V.H.F. .omnidirectional range re-
ceivers, instrument landing system receivers, etc.). In the case of 
equipment intended for sale in th a U.S.A. or for fitting to Ar,—;can-
built aircraft, ARINC specifications are also relevant. They are, in 
fact; worth consulting in any case fir the sake of valuable information 
they contain and because ; here is developing a wider general tendency 
for airlines and aircraft manufacturers outside the U.S.A. to specify 
ARINC standards for radio installations. 
ARINC or Aeronautical Radio Inc. is located in Washington D.C., 

U.S.A. and is a body of which the U.S. airlines and also now many 
foreign ( including British) organizations are stockholders. It exists 
primarily for the purpose of operating aeronautical radio facilities in 
the U.S.A. (and sonn.: other countries). The Airlines Electronic 
Engineering Committee (A.E.E.C.) of ARINC produces and publishes 
standards for many types of airborne radio and electronic equipment. 

In general. the standards laid down have a threefold purpose: 

(a) To ensure that the equipment does not endanger the safety of 
the aircraft by breaking loose from its mountings, catching fire, etc. 

(6) To ensure that it will give adequate service under operating 
conditions. That is, that under certain conditions of vibration, 
temperature change, pressure change, supply voltage change and 
humidity, it will not fail mechanically, nor will its electrical 

1 9-2 



AERONAUTICAL RADIO AND RADAR EQUIPMENT 19-3 

characteristics change to such an extent that it will not operate 
adequately. 

(c) To ensure that L.° systems employed are such that when 
op,erated against any relevant ground facility conforming to inter-
national standards, it will provide adequate communication, correct 
navigational information, etc. 

Before a new equipment can be considered for use in any civil air-
craft, it must be submitted to, and approved by, the licensing authority. 
Once this approval is obtained, the equipment can be freely used, but 
should its design be modified, further approval must be sought. The 
number of the approval certificate should always be displayed on every 
production equipment. 

The fitting of an unapproved equipment in an aircraft will result in 
permission to fly that aircraft being withdrawn until the equipment is 
removed. 

The requirements for military applications aro in general more severe 
than for civil uso. 

GENERAL CONSTRUCTION 

There is no compulsion to design airborne radio equipment to any 
particular shape, but if it forms part of the radio installation of British 
or American civil aircraft, it is unlikely to be acceptable unless it con-
forms to the standards in use in these countries which are the E.E.A./ 
S.B.A.C. (Electronic Engineering Association, Society of British Air-
craft Constructors) and A.T.R. systems respectively. 
Both these systems are based on a series of standard case sizes and 

they are not compatible. They both involve one standard box height 
coupled to a number of different depths and widths. (ARINC have 
recently introduced a new case half the normal height to enable very 
small units to be mounted one above the other.) The British system 
contains a greater variety of widths than the other as this dimension 
varies in steps of 1 in. It also includes a racking system made on a 
modular basis from standard parts. In both systems automatic con-
nection to external wiring is made by back-mounted plugs on the units 
and there is a special quick release mounting system by means of spigots 
at the rear and thumb screws at the front. Neither the plugs nor the 
holding-down systems are compatible. 

It is becoming apparent that the British system is likely to be super-
seded by the Ameri ,, kin even for British use. A.T.R. system details are 
published by AR INC in their Specification No. 404. 

POWER SUPPLIES • 

The types of power supply most likely to be met with in aircraft aro: 
(a) nominal 14- volt D.C. (now rare); (b) nominal 28-volt D.C.; and 
(e) 115-volt, 400 n./s, 3-phase (4 wire). 
System (c) is the preferred one for all new aircraft, and any D.C. 

service will be 28 volts rectified from the main supply. Any D.C. 
aircraft (except perhaps very small ones) aro most likely to be 28 volts. 
In general it is advisable to make provision for optional operation of 
equipment from D.C. or A.C. 
Most D.C. and A.C. supplies are regulated, but equipment should Le 
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designed to tolerate substantial variation in voltage (and frequency in • 
the case of A.C.). A nominal 28-volt supply can vary between 18 and 
29 volts under certain conditions. Variation of 102-121 volts and 
210-420 c/s can occur on A.C. supplies, although regulated supplies are 
specified to be held to. 108-121 volts and 380-420 cis. 
In general, if the main supply in an aircraft is A.C., it will not be 

permissible to connect a substantial radio load to the D.C. system. 
Equipment connected to the A.C. supply will be required to conform 
to certain limits on power factor and phase unbalance. In the case of 
D.C. supplies one pole is earthed: although there is now almost uni-
versal agreement on which pole this should be, it is safer to design D.C. 
equipment so that it will operate with either side of the supply earthed. 

Regulations for switching and fusing aircraft equipment are very 
stringent, and the designer should make sure that in this and all other 
respects he has the latest information from all relevant authorities. 
If the equipment is intended for a known aircraft, the makers should 

be consulted. 
Transistor power converters, which are now becoming fashionable, 

need special care in design when operated from aircraft supplies, as 
these can be subject to transients of considerable amplitude arising from 
the switching of heavy inductive loads. 

Effect on Magnetic Compasses 

Magnets or magnetic materials in-the equipment can cause permanent 
deviation of magnetic compasses and the flow or interruption of heavy 
direct currents can also cause deviations which will vary according to 
whether the gear is operating or not. The former effect can be com-
pensated at the compass, but the latter cannot: one of the tests carried 
out by the licensing authority during approval of an equipment deter-
mines the least distance from the compass at which the gear can be 
mounted without producing unacceptable deviations under any condi-
tion of operation. As the magnetic compass is mounted somewhere 
just in front of the pilot and the radio station not far behind him, it 
is quite easy (unless care is taken to reduce stray magnetic fields) to 
design an equipment which cannot be mounted in the radio station and 
is, therefore, unusable. One particularly important point to watch is 
in connection with remote controls for 1190 by the pilot. The on/off 
switch in such a remote control should not generally he made to switch 
the D.C. supply for the equipment direct, but should operate through • 
a relay in the main equipment to keep the heavy 11.1% out of the 
neighbourhood of the compass. 

Mechanical and Electrical Design 

In designirg an airborne equipment the main factors to bear in mind 

aro: 
(1) Adequate rigidity of chassis and other structure! parts to 

prevent failure through shock and vibration. In this connection 
it is essential that no part of the assembly shall resonate over a 
wide range of vibration frequencies, as this will cause rapid failure 
of apparently strong assemblies. 

(2) Rigid fixing of all components—not even the smallest 
components should be hung in the wiring. 

(3) Adequate temperature compensation ot tuned circuits, etc., 
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to ensure that performance is maintained over a wido rango of 
temperatures. 

(4) The effects of reduced pressure on flash-over or corona effects 
in components operating at high voltages. In general, it can be 
assumed that civil equipment will not be required to operate at a 
pressure lower than that equivalent to 10,000 ft. above sea- level. 

(5) Tho effects of humidity—all insulating materials should be 
moisture resistant to a high degree, and the greatest care must 
be taken to avoid moisture traps in tag boards, intermediate-
frequency transformer assemblies, etc. 

The latest issue of DEF.5000, published by the Ministry of Supply, 
should be consulted. 

COMMUNICATION EQUIPMENT 

Communication with aircraft is carried out by amplitude-modulated 
telephony on very high frequencies (V.H.F.) between 118 and 132 
Mc/e, and by telephony and telegraphy on high- frequencies (H.F.) 
between approximately 2 and 20 Mejs. Arising from the desire to 
economize in the number of crew carried, the use of telegraphy—with its 
need for a special operator---is rttpiilly disappearing, and eventually only 
telephony may be used for both long- and short-distance communication. 
Telephony sots are designed for pilot operation, and their controls are 

consequently as simple as possible. V.H.F. sets aro crystal-controlled, 
either by a number of crystals cut- ter particular channel frequencies or 
by crystal-saving circuits whioh enable tho equipment to be set to any 
one of the channels covering the ram:e 118-132 Me/s hi steps of 200 or 
100 Ws (eventually these steps %% ill probably be reduced to 50 ke/s). 
Channel select-ion is by push- hut toil or rotary switch. The automatic-
gain-control requirements for VALE are stringent: without any 
manual adjustment during operation the equipment must work at 
distances from the ground station between 100 or so miles and a few 
hundred yards without over-loading or excessive change in volume. 
Transmitter power on V.H.F. ranges from a fraction of a watt- on light-
plane equipments to several watts on main-lino aircraft. American 
equipments use powers up to 30 or moro watts, but this is often the 
cause of long-rango interference, and negatives one of the main advan-
tages of V.H.F., whose limited tango—compared with high frequency— 
enables the bettor segregation of local traffic. V.H.F. communications 
signals aro vertically polarized. 

V.H.F. is employed for communication with air-traffic control and 
airfield control authorities when the aircraft is flying in areas of high 
traffic density under the control of such authorities. For general and 
long-distance communication, high frequenry is used, and the equip-
ments employed may either he pilot or radio-operator controlled. in 
the case of pilot-controlled equipments these are again preset to the 
channel frequencies rereiired for the rout o to he flown, and channels are 
selected by push but ( on or - vit eh. In the ease of operator-cent rolled 
equipments, the,.0 are erystal-controlled transmitters and con-
tinuously tunable receivers. At; aircraft flying from. say, London to 
Singapore may r, quire to operate on as many 88 50 high- frequency 
channels during the journey, and this presents quite a problem in the 
design of an equipment of the pre-set type. Transmitter powers for 
long-range high- frequency telephony range up to 150 watts. At 
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present, limiting factors on the power (which could well be higher from 
the point of view of good communication) are the capacity of the power 
supply (for supplying equipments of over 100 watts the power unit 
becomes very large and heavy) and the danger, when the transmitter 
is fully modulated at high altitudes, of aerial flash-over. 
The use of radio teleprinters in the air is also being actively con-

sidered. This system has particular application to weather forecasts 
and other messages which may require to be recorded in the aircraft for 
futu-re use. At present, such messages have to be passed at dictation 
speed and taken down by a member of the crew. 

H.F. communication at long distance on the aeronautical bands 
leaves a great deal to be desired; the difficulty of exceeding about 
100 watts with airborne A.M. transmitters has led to the development 
of single-sideband (A3a) equipment which offers a substantial effective 
power gain (seo Section .7). An example of the latest technique is the 
Collins 618T H.F. transceiver. This equipment can be set at 1-kcis 
intervals throughout the rango 2-30 Mcis ( i.e., 28,000 channels), in the 
air without pre-setting. It has an A.M. output power of 100 watts, 
but operation is also possible on a single-sideband suppressed carrier 
with 400 watts peak envelope power. To meet the stability require-
ments of S.S.B., the frequency error of the receiver is held to less than 
25 cis, and the long-term stability is I in 106 (plus 2.5 c/s) per month. 

Selcall 
Because of the high noise level and severe overcrowding on the H.F. 

aeronautical bands, pilots are subjected to a great deal of distraction 
both from noise and unwanted signals if they keep a continuous listening 
watch (which is essential). 
To combat this problem, a system of selective calling named" Selcall" 

is now in fairly substantial use. Its characteristics are the subject of 
I.C.A.O. standards, and there is a relevant ARINC specification. 
The system involves the radiation by the ground station of a signal 

consisting of two pairs of audio tones. These are picked up by the 
aircraft receiver, to the audio output of which is attached a unit having 
filters responding only to the combination of four tones unique to the 
aircraft in which they are carried. When the correct tones are received, 
the Seim!l unit actuates a warning device which informs the pilot that 
he should listen to the radio. 
The Selcall facility can be applied to any air or ground equipment. 

The four tones are selected from twelve located between about 300 
and 1,000 c/s. The tones are radiated two at a time in pulses of 1 
second duration (± 0.25 second), and the pulses are separated by a 
gap of 0.2 seconds (± 0.1 second). The frequency of the tones is held 
within ± 0-15 per cent of nominal. The most common types of receiv-
ing filters are electro-mechanical vibrating reeds. The system will work 
with signal-to-noise ratios as bad as 6 dB adverse and distortion of the 
tones up to 15 per cent. 

NAVIGATIONAL AIDS (SHORT AND MEDIUM DISTANCE) 

Radio-range Systems 

The object of the " radio range " is to provide the pilot of an aircraft 
with two, four or more radio beams radiating from a ground station. 
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FIG. 1.—MEDIUM-rREQUENCY FOUR-COURSE RANGE: POLAR DIAGRAM 
AND INTERLOCKING MORSE CIIARACTERS. 

These beams, in the case of two- or four-course ranges, are so aligned that 
in following them the pilot is following some recognized air route or 
" airway ". It is particularly important in areas of high traffic density 
that an easily followed navigational system of much higher precision 
than " dead reckoning " navigation shall be available. 

Four Course Medium-frequency Range 

An Adcock aerial system is used on the ground. The centre aerial 
is fed with a continuous-wave signal somewhere in the 200-400 kcis 
range, and the two aerial pairs are fed with another signal whose 
frequency differs from the former by about 1,000 cis. The signal to one 
pair is keyed " A " in Morse and that to the other " N ". These char-
acters are arranged to interlock so that if the A and N signals are 
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received at equal strength, a continuous signal will result. The radia-
tion of two different radio frequencies ensures that a 1,000-cis 
heterodyne note will be heard on any medium-frequency receiver 
without using a beat-frequency oscillator. 

In a symmetrical Adcock system equal signals will be received along 
lines bisecting the angles between the planes of the aerial pairs. Thus 
on these lines a steady note will be heard. Deviation from the lines 
will produce either an A or N signal. In the simplest system therefore 
four courses will be set up, at 90 degree intervals. The angles between 
the courses can be altered by suitably phasing the inputs to the aerials, 
and the whole pattern can be orientated in any direction by suitable 
siting of the aerials. 

Aircraft Equiptnent.—Only a radio telephony receiver tuning over the 
medium-frequency band is needed in the aircraft. On some range 
systems V.H.F. marker beacons are placed at various places to mark 



AERONAUTICAL RADIO AND RADAR EQUIPMENT! 19-9 

turning points, etc. For reception of these a V.H.F. Marker Receiver 
will be needed in addition. (See the later section on I.L.S : para. 
Marker Beacons.) 
Ambiguity.—Consideration of Fig. 1 will show that an aircraft flying 

north towards the station will have " A " on the starboard side and " N ' 
on the port. This is equally true of one flying west away from the 
station. Thus the information from a range station of this type is 
ambiguous. The ambiguity can be resolved by taking a D.F. bearing 
on the station with a radio compass, but in most cases the pilot knows 
which side of the station he is and can resolve the ambiguity mentally. 

Status.—This type of range is obsolescent in the U.S.A., but is m 
current use in the United Kingdom and Europe. 

Two-course V.H.F. Range (Visual-Aural) 
This range represents an early attempt to obviate the ambiguity 

of the four-course range and to Lake advantage of the lower noise level 
on V.H.F. It is obsolete in the U.S.A. and never came into use in the 
United Kingdom. It required special equipment in the aircraft, where 
the A-N signal had to be read in conjunction .with the position of a 
pointer on an instrument (similar to an I.L.S. localiser instrument). 
It will not be further described here. 

Omnidirectional V.H.F. Range (V.O.R.) 

This American system is now adopted by international agreement as 
the primary short-distance aid for flying in control zones. It is in use 
in the U.S.A., but only to a very limited extent in Europe as yet. 
The system operates at the moment on V.H.F. frequenciea between 

112 and 118 Mo/e, and special equipment is required in the aircraft. 

Principle of Operation 
The station radiates a rotating field so that any receiver within range 

will receive a signal, amplitude modulated at the rate of rotation 
(about 30 0/5). At the same time an omnidirectional signal is radiated, 
amplitude modulated at about 10 kc/s. Thus the receiver will produce 
two audio signals, one of 30 cis and the other of 10 kc/s. The 10-kc/s 
signal is further frequency modulated by a frequency exactly the same 
as that of the rotating pattern, and phase locked to it so that a receiver 
due north of the station would receive both 30-c/s signals exactly in 
phase. Obviously, as the receiver moves round the station, the phase 
difference between the rotating pattern signal and the reference signal 
will vary, and all that is necessary to determine the bearing of the 
aircraft from the station is to be able to measure this phase difference. 
In addition to the navigational signals, the station is also modulated at 
low level with Morse identification and with speech if required. These 
further signals can be heard on the receiver without interrupting the 
navigation facility, by filtering out the navigation signals in a separate 
audio-output channel. The V.O.R. signals are horizontally polarized 
and, therefore, require different aerials from the V.H.F. communication 
system in the aircraft. 

Aircraft Equipment 
A block diagram of a typical V.O.R. receiver is shown in Fig. 3. The 

operation can be followed if we assume that we require to place the 
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aircraft on a bearing of 045 degrees magnetic from the station and 
that the direction of rotation of the pattern is such that the variable 
phase signal lags 45 degrees on the reference phase along this line. 
From the navigation detector of tho receiver the 30-cis signal of the 

variable phase and the 10-kcis sub-carrier of the reference phase are 
passed through band-pass filters and the variable-phase signal is fed 
into the phase comparator " A ". The 30-cis reference phase signal is 
resolved from the 10-kcis signal via the limiter and discriminator " B " 
and " C " and passed to the omni-bearing selector " D ", where its 
phase can be varied through 360 degrees by rotating a dial marked in 
degrees. The phase-shifted signal is then fed on to phase comparator 
" A ". This phase comparator is designed to show balance when the 
two signals fed to it are in quadrature; as it is easier to give an accurate 



AERONAUTICAL RADIO AND RADAR EQUIPMENT 19-Ix 

indication of this condition than of coincidence. It is thus necessary 
to so calibrate the selector that when its shows, for example, 045 degrees, 
its output is actually shifted 45 + 90 degrees. The output of the phase 
comparator " A " is rectified and fed to a centre-zero meter " E ", 
callen tho " course deviation indicator". When this is centred, it 
,indicates that the omni-bearing selector is set to the same reading as the 
radial bearing from the station on which the aircraft happens to be. 

This indication is, however, ambiguous by itself, as there are two 
conditions of the phase-shifted reference signal when it can be in 
quadrature with the variable phase. These conditions correspond to 
the true and reciprocal bearings, and must be resolved. This is simply 
achieved by shifting the reference phase by a further 90 degrees and 
comparing it in phase comparator" F " to seo whether it is now in phase 
with the variable phase or in anti-phase. This comparison need not be 
accurate, as it has only to indicate one of two widely differing conditions. 
The output of phase comparator " F " actuates a further small meter 
movement which points either to " TO " or " FROM " as directed by the 
phase comparator. All that is necessary is to arrange the system of 
operation of all stations and receivers so that the various phase relation-

' 
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ships are such that when the aircraft is, for example, in a position whose 
bearing is 045 degrees FROM the station, setting the omni-bearing selector 
to 045 will centre the course-deviation indicator and at the same time 
make the ambiguity indicator point to ram. If it is desired to deter-
mine the direction to a V.O.R. station the omni-selector is turned until 
the course deviation indicator is centred and the ambiguity indicator 
shows " TO ". 

Further elaboration of the receiver will enable direct indications of 
bearing from range stations to be obtained without setting an omni-
bearing selector. This is accomplished by using the signals produced by 
a phase comparator to rotate a phase shifter (similar to the omni-
selector) via a servo system. The moving element of the shifter rotates 
until it takes uo a position corresponding to the bearing from the range 
station which is then indicated on a dial " G" attached to it. 
Ambiguity is avoided by making the setting corresponding to the 
reciprocal bearing an unstable condition of the servo system. 
The indications so far described have .the advantage that they are 

not " heading-sensitive ", in other words the reading shown is the same 
irrespective of the direction in which the aircraft itself happens to be 
pointing. If heading sensitive indications are required, there is instru-
mentation possible which feeds the omni-bearing information into a 
further instrument " ", where it moves a pointer over a rotating scale 
whose position is controlled by the aircraft's remote-indicating compass. 

Accuracy and Range 

The overall system accuracy of V.O.R. ( including ground station and 
receiver errors) appears, on the evidence of operational experience so 
far, to be of the order of ± 2-4 degrees. 
The range to be expected is optical line-of-sight plus 15 per cent at 

vertical angles not exceeding 40 degrees above tho horizon as measured 
from the location of the ground-station aerials. For instance, an air-
craft flying at 2,000 ft. can expect adequate signals up to a distance of 
70-80 miles from a V.O.R. station. 

Distance-measuring Equipment (D.M.E.) 

In order to provide a system which will fix the position of an aircraft 
by reference to only one ground station at one time, it is proposed to 
associate with each V.O.R. station a responder beacon which, when 
interrogated by suitable equipment in the aircraft, will provide informa-
tion on the aircraft's distance from the station. In this way a single 
V.O.R./D.M.E. station can provide bearing and distance of an aircraft 
relative to the station site, and this is, of course, sufficient to determine 
completely the aircraft's geographical position. 
The principle of operation is simple, involving only the measurement" 

of the interval between the transmission from the aircraft of an inter-
rogating pulse and the reception of a reply from tho beacon. In 
practice the technique is complicated by the need to provide a direct 
indication of distance on à meter, together with 'a method of selecting 
only the beacon required without danger of a false indication from any 
other beacon within range. 

Distance-measuring equipment has not developed at the same rate as 
V.O.R. and still preserlts a number of problems not yet completely 
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solved. For this reason the characteristics at present laid down will be 
indicated only as a guide to the type of system employed. 
The intention is to provide 10 interrogation (air) frequencies spaced 

2-5 Mc is apart between 963.5 and 986 Mc/s. These are channels 1-10. 
Ten reply (ground) channels at the same spacing between 1188.5 and 
1211 Mc/s are numbered 00-90. Combinations of interrogation and 
reply channels give 100 distinct operating channels from 1 (reply 00 
interrogation 1) to 100 (reply 90 interrogation 10). • D.M.E. signals are 
vertically polarized. 

Further protection against spurious indications is provided by using 
double interrogation and reply pulses with 10 different separations. In 
a currently advocated system these double 2-5-microsecond pulses are 
spaced from 14 to 77 microseconds in multiples of 7 microseconds, and 
interrogation and response spacings are paired to give 10 modes from 
" A " (interrogation 14 reply 77) to " J " (interrogation 77 reply 14). 
Each D.M.E. channel is paired with a different mode, chosen so that 
adjacent channels differ in mode as much as possible. For example, 
Channel 1 reply 00, interrogation 1 mode " A " Channel 2 reply 00, 
interrogation 2, mode " D ". 
Means are also provided for the beacon to radiate at frequent intervals 

a three-letter identification signal. Several methods of achieving this 
are currently under investigation. 

Accuracy and Range.—D.M.E. range is of the same order as V.O.R. 
Accuracies of ±•¡- mile or 3 per cent, whichever is the greater, are to be 
expected with present equipment. 

Presentation.—The method of presenting D.M.E. information is by a 
meter with a roughly logarithmic scale calibrated 0-200 miles. Identi-
fication is intended to be presented visually also. 

Capacity.—The operational requirement for D.M.E. is that any one 
beacon shall operate satisfactorily in the presence of 2,000 aircraft in an 
area defined as a square of 500 miles side if not more than fifty aircraft 
are tuned to the channel on which the beacon under consideration is 
operating. This corresponds to a very high traffic density, which for many 
years will probably only obtain for brief periods at particular locations. 

Status 
Before the installation. of V.O.R./D.M.E. facilities in the U.S.A. was 

complete, the military authorities adopted a new system called TACAN. 
Because of the requirement for a common system for military and civil 
use, TACAN stations were soon being installed on the same sites as 
V.O.R. 

Problems have abounueu, and the civil users have, understandably 
been reluctant to discard ,the V.O.R. facilities for which nearly all 
V.H.F. receivers now cater. 
At the time of writing a hybrid system called VORTAC is being 

promoted in which the bearing is obtained from V.O.R. and the range 
from the distance element of TACAN. 
At the best V.O.R./D.M.E. or VORTAC cannot give comparable 

accuracy with such systems as Decca, and a considerable body of 
opinion holds the view that the accuracy is in fact not nearly good 
enough for navigation in congested airspace. 
TACAN might be expected to give somewhat higher bearing ac-

curacy than V.O.R. (but still lower than Decca) and distance accuracies 
of both TACAN and D.M.E. are theoretically about equal. 
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The R/O System of Navigation 

It will already be seen that the position of an aircraft using V.O.R. 
and D.M.E. can be fixed by determining " O ", the bearing, and " R " 
the distance from the beacon. This provides a simple method of 
navigation as long as it is required to fly along a V.O.R. radial, but if it is 
necessary to fly along a line which is not a radial, the pilot will have to fly 
a compass course which he must check at intervals by taking V.O.R./ 
D.M.E. fixes. In order, to get round this difficulty it is intended to 
employ an " R/0 comphtor" which will- automatically compute the 
data necessary to fly a given track, taking into account the continual 
change in range and bearing during the passage of the aircraft through 
the service area of the beacon. Experiments with this type of device 
continue with moderate success. 

Tacan 

This is the latest U.S. civil/military common-system short-range 
navigational aid to which reference has already been made. It provides 
both bearing and distance information, and its principles of operation 
aie generally similar to those used in V.O.R.'D.M.E. The TACAN 
system provides 126 two-way channels. Air-g'round frequeneies are 
in. the range 1,025-1,150 Mc/s, and ground-air are in the ranges 962-
1,024 and 1,151-1,213 Mc/s. All information is provided by a composite 
signal of considerably complexity. 

Bearing. This information is provided in two stages to ensure 
accuracy, and both sets of information are provided by a rotating-aerial 
pattern producing an amplitude-modulated signal at the aircraft. 
The coarse pattern is in the form of a rotating cardioid pattern giving a 
15-c/s modulation. Each time this sine-wave modulation (as seen from 
due south of the beacon) crosses the zero axis going in the positive 
direction a reference train of twelve sets of twin pulses (pairs spaced 
30 microseconds is radiated. This is used to determine the aircraft's 
bearing in the same way as 'is the reference modulation in V.O.R., 
although the methods differ in detail. Because there are practical 
limits to the accuracy with which the phase of the 15-c/s signal can be 
measured, the station also radiates a 135-e/s pattern which goes through 
the complete phase cycle of the coarser pattern every 40 degrees. This 
pattern is highly accurate, giving 9 electrical degrees for every one 
degree of azimuth, but is ambiguous, and the coarse pattern serves to 
resolve this ambiguity. The fine pattern has its own reference burst 
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which is radiated every time it crosses the 40° zero line, going in the 
positive direction. This train consists of six twin pulses with 24-micro-
second spacing between the pairs. 

Range. This involves a pulsed interrogator-responder system basically 
similar to D.M.E. 

Identification. This facility consists of the transmission of pulses at a 
P.R.F. suitable to give an audio signal, and arranged to form a Morse 
code identification signal every 75 seconds. A future application of 
.these pulses could be to transmit moro complicated information on a 
digital basis. 

Distance Measuring Equipment (TACAN) 

To enable, the TACAX distance-measuring facility to he used by 
aircraft fitted with V.O.R. equipment, a supplementary unit called 
D.M.E.T. has been developed in the U.S.A. which enables the TACAN 
distance facility only to be interrogated. Atypical equipment provides 
distance information up to 20« miles (with accuracy 0.17 mile or 0.2 per 
.cent of distance measured) and search time 22 seconds maximum. 
The power amplifier provides 1 kW peak pulse in any one of 126 channels 
1 Mels wide in the range 1,025-1,150 Me,'s. 

HYPERBOLIC SYSTEMS OF NAVIGATION 

Several of the systems to be described subsequently depend for their 
operation not on the determination of the actual distances of the aircraft 
from two or moro ground stations but on the difference of the distances 
from such points. 

It is clear that if we take two points on the ground and measure 
the distance from the aircraft to each point we can fix its position in 
one of two places (one on each side of the lino joining the two ground 
points). If we know which side of the lino we aro, this ambiguity can 
be resolved, or ve can provide a third reference point so placed that 
any position has three distance readings uniquely corresponding to it.. 
To carry out this exercise by radio or radar in the aircraft would 

involve tho use of transponder beacons on the ground and interrogator 
equipment in the air. The use of continuously radiating ground 
.beacons not only simplifies the airborne equipment but also makes the 
ground facility immune irom saturation. With such a system we can 
no longer determine the actual distance from two stations by measuring 
the time of travel of a pulse over the double journey from air to ground 
and back, but we can measure the difference in distance from the aircraft 
to each ground station by measuring the difference in arrival timo of 
two pulses sent out simultaneously by the two stations. 

It can be shown that the locus of a point whose distance from two 
others shows a constant difference is a hyperbola. Other differences 
will correspond to other hyperbolte. The line corresponding to no 
difference in distance will, of course, be a straight line, the right bisector 
of the line joining the two stations. 

Consideration will show that two stations cannot provide a fix by 
this method but only a position line, anywhere on which the aircraft 
may be situated. It is, therefore, necessary to provide a third station 



I9-i6 RADIO AND TELEVISION REFERENCE BOOK 

1 
I / 
I / 

\ 

S •. 

• i.àç int 

tl.t SUM.. C 

FIG. 6.—HYPERBOLIC FIX FROM 
TOREE STATIONS. 

••••• 

F.. AR --

005,.. LO 

FROM Ac 

so that two intersecting position lines may be set up corresponding to 
the stations taken in pairs AB, BC. 

Further information on hyperbolic systems is given in Section 18. 

Gee: A Medium-distance Hyperbolic System 

This British system was developed during the late war, and is still in 
wide use, although not adopted internationally. 
A Gee pair capable of providing a position line consists of a " master 

station" and a " slave " separated by about 70 miles. The stations 
operate on frequencies of about 20-85 Mc is with pulse powers of the 
order of 300 kW. The master station radiates 6-microsecond pulses, 
which are received direct by the aircraft and at the seine time, trigger 
the slave station, which sends a further pulse to the aircraft. The 
aircra:t thus receives two pulses the difference between whose time of 
arrival corresponds to the difference in distance from the two stations 
plus a fixed delay corresponding to the distance between master and 
slave stations. All that is needed in the air is a suitable V.H.F. receiver 
and a cathode-ray display for measuring the time differences. 

Accuracy and Coverage 

The accuracy of a Gee system depends on the precision with which the 
time differences can be measured, and this is about one-tenth of the 
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pulse width or 0-6 microsecond.. The absolute accuracY falls with 
distance (as the hyperbola3 diverge) from 100 yards at the base line to 
5 miles at 450 miles. Coverage depends on altitude, but is considerably 
better than optical line of sight at low levels. Gee " chains " usually 
consist of four stations, if all-round coverage is required, for reasons 
common to all hyperbolic systems which are dealt with below. 

Accuracy Limitations of Hyperbolic Systems 

The accuracy of position fixing on hyperbolic systems depends on: 

(a) The closeness of the spacing of the position linos; that is, 
how many hyperbolie can be accurately laid down and the way the 
spacing varies with distance and at different bearings. 

(b) The angle at which the position lines from .two pairs of 
stations intersect. 

We have already seen that the lines diverge with diàance, and this 
factor causes the absolute error to increase while remaining an almost 
constant percentage of range. A further effect arises as we progress 
from bearings which are near tho right bisector of the base line to those 
which approach- the base line. At bearings beyond about 60 degrees 
from the normal to the base lino the spacing between adjacent hyperbolic 
corresponds to larger and larger changes df bearing, and it is conse-
quently considered that accurate coverage of hyperbolic systems is 
limited to an area on either side of the base line bounded by lines at 
'angles of 60 degrees from the right bisector of the base line. Thus, to 
obtain complete 360-degree position-line coverage we need three slave 
stations situated as nearly as possible at 120-degree intervals around the 
master. 
The above arrangement, while satisfying the requirements for 

position-line accuracy, does not solve the problem of accurate fixes in all 
locations. The position lines cut at angles sufficiently obtuse to give 
accurate fixes at all p6ints within short and medium distances, but the 
angle of cut becomes too acute for accurate working at distances great 
compared to the base line. The result of this is that the radial accuracy 
is low and, in fact, it varies approximately inversely as the square of the 
distance, while the position-line accuracy decreases directly. 
The only 'way to combat this trouble is to increase the base line' or to 

so dispose the stations that tho position linos cut more nearly at right. 
angles. Both these methods aro used in hyperbolic systems in actual 
practice. 

NAVIGATIONAL AIDS (MEDIUM AND LONG DISTANCE) 

Dews 

This is a British hyperbolic system suitable for medium- and long-
distance navigation but of very high accuracy, enabling it to be used 
also for short-distance working. 
Decca operates on low frequencies (L.F.) and is a continuous-ware 

system which makes it unique among the hyperbolic systems. Its 
ground transmitters are of 1 or 2 kW power, and have simple vertical 
aerials with heavy top loading. Special aircraft equipment is required. 
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Tho basic element °film system is again the two stations, master and 
slave, separated by 60-70 miles. To reduce the problem to its simplest 
terms, let us assume that both stations are radiating on the same 
frequency and that the phase relationship between the master iind slave 
emissions is so adjusted that at the master station the two signals are in 
phase. Now, if wo move along the lino joining the stations we shall 
pass through other points of phase coincidence at one-half wavelength 
intervals. Extending from these points in either direction from the 
base line will be hyperbola, of phase coincidence corresponding to 
definite differences in distance from the two stations. In between 
those position lines there will, of course, be many others corresponding 
to other constant phase relationships. Suitable receiving equipment 
in the aircraft feeding a phase meter will enable us to determine the 
phase difference between the two signals. This will tell us that we may 
be on one or other of several hyperbolœ. (It is obvious that if there are 
many lines of phase coincidence, there will also be many other lines of 
identical phase difference.) There is thus a high degree of ambiguity 
in the basic system, but if this ambiguity is resolved, the accuracy then 
becomes very high, as will be shown later. 

Practical System 
In practice, the master and slave stations must be on different radio 

frequencies or it will not be possible to distinguish between them, and 
two frequencies bearing some simple relationship such a..8 90 and 
120 kcia are chosen. 
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The signals on 90 and 120 ke,'s are received on separate receiving 
channels and multiplied four times and three times respectively to 
produce two signals of 360 whose phases can now be directly com-
pared. It is important that the receiving and converting system shall 
not disturb the phase relationship. 
Tho position line spacing (i.e., the distance between lines of similar 

phase relationship) is a function of the cornparioon frequency and not the 
original carrier frequency. Thus, along the base line, the points of 
phase coincidence, for example, will be separated by one-hair wavelength 
at 360 kcis in the caso we are considering ( i.e., 430 netres). 
The higher we make the comparison frequercy, the greater will be the 

phase sensitivity of the system (and also the greater the ambiguity, as 
the number of " lanes " boiinded by position lines of similar phase will be 
increased). 

In practice, a Decca chain consists of a master and three slave stations 
giving 3e0-degree coverage. The aircraft carries the necessary receiver 
and phase motors, and special maps aro provided overprinted with 
patterns corresponding to the position lines generated by the various 
pairs of stations. 
As an aircraft moves to and fro in the service area of a Decca chain, 

the phase meters will rotate continuously to and fro, and arrangements 
are made to indicate on each instrument the number of complete revolu-
tions it has made. Thus, each position line can have allocated to it a 
number made up of so many complete revolutions plus the position of 
the fine-reading pointer, which rotates once per " lane ". Thus, if the 
instruirents are set before take-off to the number of complete rotations 
corresponding to its position on the ground, the aircraft's position can be 
read off directly at any time in subsequent flight by noting the reading 
on the coarse and fine scales and referring to the appropriate lanes on the 
chart. 

Tljis simple system fails through ambiguity if the reception is inter-
rupted or if the aircraft enters a Decca pattern at an unknown point. 
This problem is countered by " lane identification ". The basic 
principle of this is to alter the characteristics of the system for short 
periods at intervals, to lay down a coarse pattern with no ambiguity but 
sufficient discrimination to show which " lane " the aircraft is in. 

Accuracy and Coverage-  

Accuracy is extremely high. Position-line accuracy is ± 10 yards on 
the base line of any pair to about 100 yards at 200 miles. Accuracy 
of fix is rather worse than this, depending—as in other hyperbolic systems 
—on the angle of cut of the lines. At night thus system is subject to 
errors at distances where the sky wave is appreciable, but this aspect is 
under continual investigation. 

If narrow-band receivers are used, the protection from interference is 
good, but inferior to pulse systems. 

Developments of the Decca System 
Decca Flight Log 

The basic Decca system so far described has the disadvantage opera-
tionally that it is not very suitable for pilot operation, needing as it does 
the reading of several meters and reference to a special map. This is not 
quite as easy for the pilot as the direct information from two dials that 



19-zo RADIO AND TELEVISION REFERENCE BOOK 

he is so many miles at such a bearing from a known point (as with tli ,, 
V.O.R./D.M.E. system). 
The recent development of the " Flight Log " more than solves this 

problem. Basically the system consists of a specially drawn chart which 
moves on rollers and over which (at right angles to. the motion of the 
chart) moves a stylus. Both these motions are controlled by the 
navigational information provided by a conventional Decca system via a 
convertor unit, which converts the data into the necessary rectangular 
co-ordinates. 
By this means the pilot can actually see his track being plotted as 

he goes along. 
The charts are provided in rolls of fifteen in suitable cassettes : the 

required chart is automatically selected by turning a dial on the control 
box. 
A further feature is a " memory device " by which, if the aircraft flies 

off the chart, the stylus will commence to draw its track correctly as 
soon as it re-enters the area covered by the chart. 

Further Refinements of the System 

Tho latest Decca i.i.00ivers avoid !.. I,, • I1 11111 , ..... it• 
event of the master transmission not t.. tor o p.  
using a stet& oscillator (itiVel by Ow 'elm., iiii•ort 
use of the master signal. With this typo of receiver, the oscillator will 
continue to run with adequate accuracy during periods of non-reception 
of the master signal, and navigational information will not be 
interrupted. 

Dectra 

This is a projected Decca system for uso over long sea routes, and is 
intended to give a number of tracks between two terminal points which 
can be flown with the aid of a simple lefti-right indicator. A farther 
facility is a direct-reading range indicator giving distance flown. The 
claimed track accuracy at the worst point is ±5 miles, and the range 
accuracy 10 miles. Track accuracy will improve rapidly as the terminal 
points aro approached. 
The system employs two stations at rar•li , 1(1 of toirf, pi-ranged 

at the usual Decca spacing, and so ha t, rii• f 1,1,,,•••ior of 
tho baso lino of each pair coinchl" wit Ii tho route bot ibo I we 
terminal points. 
Each pair lays down a track 1)11C, S!ailt,11 at 1•1(•11 

forms a pair to give the range information. 
As the distance is expeèted to be up to 2,000 miles, it. is possible that 

after the middle point is passed the reception of the station at one end 
or the other which is being used as one of the range pair may fail, and 
this problem is met by using a highly stable (1 in 109) crystal oscillator 
in the aircraft to replace the missing signal. With this method, the 
range information is generated by one station and the oscillator. 
A pilot system is now in uso on the North Atlantic; and results so 

far bear out the claims referred to above. Tho stations at each end 
are situated about 80 miles apart, and the radiated power into vortical 
aerials of 400-.600 ft. is estimated at 4 kW in the ease of the masters 
and 2 kW for the slaves. The system works on two frequencies in the 
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region of 70 kcis, and in common with non ial Decca requires little 
channel space ( 10 cis for each channel). 

Delrac 

This is another projected Decca system. It has not yet been evaluated 
by practical tests. It is a C.W. phase comparison system operating in 
the 10-14-kcis region. Presentation can be either on the Decca flight 
log or on Decca phase meters. The ground stations would be in master-
and-slave pairs, each on a 1,000-mile base-line. Each pair produces a 
position line, and because of the small channel space needed (5 cis) 
several pairs can be used, enabling fixes to be obtained. 
Ambiguity is resolved as in standard Decca by producing coarse 

patterns at intervals; this is done in Delrac by radiating bursts of 
signal on the basic frequency, followed at discrete intervals by several 
4)tlier frequencies, giving two or three successively coarser patterns. 
'rhos for a two-stage system on a basic frequency of 12 kcis, the ancillary 
frequencies would be 16 and 134 kcis or for a three-stage system 18, 
131, 12f. 
Radiated powers of the order of 10 kW are envisaged, and accuracies 

of not worse than 10 nautical miles anywhere in the service area are 
anticipated. Tests so far have shown greater accuracies. • It is esti-
mated that twelve pairs of stations could cover the extra surface of the 
globe. 

Consol 

This is a medium-frequency continuous-wave system of German 
origin and requires no special equipment in the aircraft (only a radio 
compass capable of continuous-wave reception such as is carried by most 
aircraft). 
Each Consol station lays down a series of radial position lines similar 

to V.O.R. except that the service area of any one station is limited to two 
opposite sectors 120 degrees wide. Two Consol stations will provide a 
fix. 
The station has three vertical aerials evenly spaced on a base line 

of about 3 miles, and so fed that two overlapping patterns of narrow 
lobes are laid down. One pattern is keyed with dote and tho other 
with dashes, and the keying characteristics interlock, so that along the 
equisignal lines where adjacent lobes overlap a continuous note will be 
heard. The phases of the inputs to the aerials are altered in syn-
chronism with the keying, so that during the keying cycle each line 
moves up to take, at the end of the cycle, the position originally occupied 
by the next one to it. The patterns on either side of the station move in 
opposite directions, and at .the end of the keying cycle they revert to 
their original positions. Each cycle is preceded by the call-sign of the 
station and a big dash to warn the user to be ready to start his 
observations. 
Now if we consider an aircraft situated at some point within one of 

the twenty-four sectors set up by the station, the operator will hear the 
identification and wa-ning signal followed by, say, a succession of dots 
which will fade into a deady signal as the equisignal line passes through 
the aircraft. After thc equisignal, dashes will appear. 
The angular position •)f the equisignal liné at its passage through the 

aircraft can be fixed by counting the number of characters heard before 
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and after the steady tone, as their number is fixed and their spacing is 
locked to the rotation of the pattern. Tables are available showing the 
bearings corresponding to different counts for each station. 
The obvious ambiguity can be resolved by taking a radio-compass 

bearing on the station, which will determine in which sector the aircraft 
is flying. 

Accuracy and Coverage 

Day-time accuracy of Consol is between 0.2 and 0-5 degrees near the 
right bisector of the base line, decreasing to 0-4-1-0 degrees towards the 
60-degree limit of coverage either side of the normal. 
Range is 700 miles over land and 1,000 over sea. Night ranges are 

greater. but errors due to sky wave will arise. 
Speed of fix depends on the length of the cycle, which varies from 

40 to 120 seconds. Three to five minutes should suffice to get a fix 
from two stations. 

Loran 

This American hyperbolic system is primarily intended for long-
range navigation over large sea areas. The principle is similar to Gee. 
but the stations operate on frequencies of the order of 2 Mc /s with 50-
microsecond pulses of 100 kW. and a pulse-repetition-frequency 
(P.R.F.) of the order of 25 per second. 
Chains consist of a master and two or more slaves. Adjacent stations 

operate on the same pulse repetition-frequency and the pulse repetition-
frequencies of all pairs in the chain differ (so that the operator can pick 
out the pair he wants by synchronizing the sweep of his cathode-ray 
display to the appropriate pulse repetition-frequency). All stations in 
a chain, except the end ones, are double, as they are each part of 
adjacent pairs. 
The different pulse repetition frequencies make it impossible to get 

fixes from two pairs at the seine time without considerable duplication 
of apparatus in the aircraft, and consequeidly a Loran fix takes 
somewhat longer than Gee. 

Accuracy and Coverage 

Loran is subject to the same geometrical restrictions as Jther 
hyperbolic systems, but within these restrictions the average er. Jr of 
fix from a three-station chain in the ground-wave region ranges from 
300 yards at short distances up to 1 mile at 700 miles. On sky wave 
errors range from 1.¡ to 8 miles at distances from 300 to l,400 miles. 
The pulse is considerably rounded, and time measurement involves 

adjusting amplitudes of two pulses and matching them by super-
imposition on the cathode-ray-tubé display. This is difficult if the 
pulses are distorted by sky-wave .transmission, and is a factor in the 
lower accuracy achieved in sky-way. operation. Also Loran charts 
are computed for ground-wave working, and correction must be applied 
when using sky wave. 

Although the frequencies used by Loran are subject to heavy noise 
and other interference, the system operates well in all, parts of the 
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world, as the signals have been found to be readable through interference 
of much greater strength. 
Ranges over land are of the order of only 100-250 miles by day. Over 

water, day-time ranges are 700 miles or more. At night sky wave 
increases rangea to 1,000-1,400 miles. Range is more or less 
independent of aircraft altitude above 1,000 ft. 

Sky-wave Synchronized Loran 

To take advantage of the great night-time sky-wave ranges of Loran 
to increase the base line (see " Accuracy Limitation of Hyperbolic 
Systems "), Sky-wave Synchronized (S.S.) Loran was evolved. This 
system uses widely separated stations with synchronizing pulses 
transmitted from a master to slave by sky wave. 
The best arrangement is with four stations at the corners of a square 

of roughly 1,000-mile side. Useful coverage extends over nearly the 
whole of the 1,000,000 square mile area, and while accuracy is greatest 
at the centre, it is nowhere reduced below 11 miles by the geometry of 
the system. 

Errors due to variations in height of the reflecting layer may reach 
8 microseconds, causing an error of no more than 1 mile from this cause 
at the centre of the area. Further errors arising from unpredictable 
excursions in path length due to ionospheric storms can reach 5 miles, 
but these have not been found to obtain for more than 1 per cent of 
operating time. Serviceability averages 95 per cent of the night, except 
when reflecting points are in the auroral zone. 

L. F. Loran 

Loran operating on low frequencies has a coverage of the same order 
as S.S. Loran at all times of the day. The pulse width is increased to 
300 microseconds, and consequently accuracy. of timing falls to 4 micro-
seconds. This would be compensated for by the increased geometrical 
accuracy with the greater base line, but also a system of " cycle-
matching " has been suggested which would give timing accuracies of 

microsecond. 
It is interesting to note that pulse-repetition-frequency selection 

would enable sixteen chains to be operated in one radio-frequency 
channel of 30 kcis width and that twelve chains would cover the major 
part of the globe. 

Loran-C (CYTAC) 

This system is basically similar to standard Loran (now known as 
" Loran-A "). It is an American development and is only in experi-
mental use. It differs from Loran-A in the radio-frequency used, which 
is of the order of 100 kcis, at which a band-width of 20 kcis is needed. 
The pulse coding and methods of measuring at the receiving end are 
more sophisticated than Loran-A, giving greater accuracy under worse 
conditions. Ranges of 1,2002,000 nautical miles on groundwave 
and 3500 nautical miles on skywave are claimed using pulse powers of 
CO kW (radiated). 
The preferred station configuration is master and three slaves located 
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at the corners of a sqilare of 750 nautical miles side. With this con-
figuration, fix 'accuracies of 1 nautical mile are predicted. It is estimated 
that by pulse-rate coding, more than enough stations to give world 
coverage could be accumulated in a few kilocycles band-width, (the 
20 kc/s mentioned above would accommodate 288 stations; only fifty 
are estimated to be needed). Errors due to propagation conditions are 
said to be low, and resistance to interference to bo high because of the 
refined pulse techniques used. 

Navarho 

This is an experimental American R (or Rho)-theta system of long-
range navigation. It is basically a one-site system which distinguishes 
it from most other long-range systems. 
The azimuth element is provided by three aerials spaced at the 

corners of an equilateral triangle of sides equal to 0-36-0-4 wavelengths 
(at the operating frequency of 90-110 kcis). These aerials are fed 
sequentially fit pairs with co-phased equal-amplitude power. The 
received signals are compared vectorially in the aircraft to extract the 
bearing information. The distance element is provided by phase 
comparison between a highly stable oscillator (1 in 10°) in the aircraft 
and a ground transmitter to which it has been synchronized before 
departure. As long as the stability of the oscillator in thi aircraft is 
of this high order, any phase changes between the two signals will be 
due to the change in distance from the ground station caused by the 
motion of the aircraft. In practice, the ground station tratirmits four 
pulses every second. These are 170 msec. in duration and separated 
by 80 msec. The first pulse is for synchronization and for phase com-
parison for the distance element. The remaining three are transmitted 
in sequence from the three aerial pairs and provide the azimuth element. 
The predicted accuracy of Navarho is 5 nautical miles for distance 

and 2 degrees-for azimuth. Ranges of 1,500-2,000 nautical miles are 
expected. Early flight trials have produced figures worse than the 
above. 
Although the band-width used is small (20 cis), the azimuth element 

needs good signal-to-noise ratio to provide reasonable accuracy; 
radiated powers of the order of 40 kW are thought to be needed. Re-
duction of the band-width of the receiver to as low as 1 cis would improve 
the operation and is practicable. 
The considerably better accuracy of the distance element would 

suggest a rho-rho system using distance information from two or more 
stations to provide a fix. This would, however, remove the one-site 
aspect and turn it into just another hyperbolic system: 
The system has no ambiguities of operational significance. R-theta 

systems for long-range must inevitably be of lower accuracy than, . ay, 
hyperbolic systems, because of the difficulty of measuring theta to 
sufficient accuracy. 

Omega 

This is an American very-long-range hyperbolic system operating 
in the V.L.F. band ( 10-14 kola). The system is experimental only. 
The principle of the system is basically similar to Decca in that phase 
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comparison is used to determine distance from any two stations. Spatial 
ambiguity attendant on this system is resolved by transmitting also on a 
secondary frequency (removed by about 500 c/s) from each station. 
Estimated accuracy is 1 nautical mile. No thorough evaluation has yet 
been carried out. 

Radio Web (Radio Mesh) 

This is a French experimental system. It operates (in the principle 
that if two stations radiate signals on different but close frequencies a 
moving line of phase coincidence will travel between them. This line 
has the form of a hyperbola with the stations as its foci. In practice, 
the information-carrying frequency can be the modulation frequency. 
By using four stations at the corners of a quadrilateral, a system of 

intersecting position lines can bedefined. If the prochict of the scanning-
period times the scanning speed is less than the distance between the 
stations there will be no ambiguity of equiphase lines. In the experi-
mental system•four stations are situated at the corners of a rectangle 
of about 100 km. side. Since the position is recalculated by the equip-
ment every second, failure of the signal will not produce any error when 
reception is resumed, because each determination of position is quite 
separate and independent. 
The tests so far have been carried out on frequencies where the 

ground-wave propagation is very poor ( 1,600-1,900 kc/s), which 
resulted in very low signal strengths. Errors under these conditions 
have not exceeded 2 -miles, and it is expected that on lower frequencies 
these results could be considerably improved. 
The area covered would be increased greatly by correct choice of 

carrier frequency and modulation-frequency difference. A 4 to 1 
increase in the distance between stations could be achieved without 
ambiguity with the present modulation frequencies. 

THE RADIO COMPASS 

The radio compass consists essentially of a receiver tuning between 
approximately 100.and 1,750 kc /s associated with a loop aerial which is 
driven by a servo system to align itself automatically to the bearing of 
any station to which the receiver is tuned. Sense signals from a separate 
omni-directional aerial are fed into the system to enable the loop system 
to reject the reciprocal bearing. 
The loop position is fed back to an instrument with a 360-degree 

compass scale, on which the bearing of the station with relation to the 
irig of the aircraft is displayed. Often two radio compasses 

operating two concentric pointers on one instrument are used to enable 
simultaneous cross bearings to be taken on two stations. 
The radio compass is used with either known broadcast stations or 

special beacons, such as " locator beacons ", used in conjunction with 
the instrument-landing-system (see later). 
Accuracy of radio compasses is of the order of 1 or 2 degrees. They 

are subject to the usual polarization and night-effect errors common to 
direction-finding (D.F.) systems. Ranges up to several hundred miles 
may be expected, according to the power of the ground station. 
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• SYSTEMS INDEPENDENT OF GROUND FACILITIES 

Methods of navigation independent of ground aids are attractive 
from both the civil and military points of view, and a great deal of re-
search has been devoted to this subject. 
The main classes into which such devices fall are as follows: (a) dead 

reckoning; (6) celestial; (c) inertial; and (d) radar. 
The first involves estimation of the aircraft's present position by 

calculation based on its assumed speed, heading and drift since the last 
time at which its position was known. Tho system is of low accuracy, 
because it is usually based on information of low accuracy, particularly 
in relation to true ground speed, which haa to be deduced from indicated 
air speed and such information as is available on the wind velocity. 

Celestial navigation is very accurate and involves calculation of 
the position of the aircraft from measurements of the apparent position 
of various stars and other heavenly bodies. To make use of the system 
a navigator must be carried, although automatic star-tracking systems 
have been proposed. Also adequate visibility of the heavens is essential 
but not always possible except at good altitudes. 

Inertial navigation is effected by measuring the acceleration of the 
aircraft in various directions relative to its fore-and-aft axis and using 
this information to compute automatically its movements and hence its 
présent position. 
. System (d) is the only one which really falls within the scope of this 
chapter and is represented at the moment by the various Doppler systems 
of navigation. 

Doppler Systems 

Doppler is not in itself a complete system of navigation, but it 
provides accurate information on the true velocity of the aircraft rela-
tive to the ground, which is the main imponderable in dead-reckoning 
navigation. 

General Principles 

In essence, the system consists in projecting a radio signal towards 
the ground below the aircraft and measuring ' the Doppler shift in 
frequency of the reflected signal arising from the motion of the aircraft 
relative to the ground. The magnitude of the shift is given by the 
expression: 

2vf 
d = —c cos 

where d is the Doppler shift; v is the velocity of the aircraft; fis the 
frequency of the signal; c is the velocity of propagation; and a is the 
vertical angle between the direction of motion of the aircraft and the 
direction of propagation of the signal. 
In normal flight the velocity of an aircraft win nave two components--

a major one in the direction of the fore-and-aft axis of the machine 
and a minor one, at an angle to the other, due to the wind. The actual 
track of the aircraft will be along the resultant of these two vectors. 
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The drift angle, represented by the angle between this resultant and the 
heading of the aircraft, can be determined by using two Doppler beams 
inclined symmetrically to either side of a vertical plane passing through 
the machine's fore-and-aft axis. 
The drift can either be computed from the difference in the Doppler-

shifts on these two boams, or this difference can be used to rotate the 
aerial system in azimuth until equal shifts are obtained. The angle 
assureed by the aerial system under these.conditions is the same as the 
drift angle. 
Having determined the forward velocity relative to the ground and 

the angle of drift, it is only necessary to know the aircraft's true heading 
in order to define its true speed and direction relative to the ground. 
The heading information can be obtained from the aircraft's compass. 
A further necessary refinement is the setting up of one or two beams 

projected backwards relative to the first two. This provides an ad-
ditional source.of information which can be used to render the system 
less sensitive to changes in altitude ancL also to mitigate the effects of 
pitching. 

Since the beams are not infinitely narrow, and since the reflecting 
surface is rarely of a uniform nature, the Doppler shifted signal received 
is never on one frequency only but tends to spread over a small band. 
It, is necessary to determine the centre of this frequency spectrum in 
order to fix the average Doppler frequency, and this is achieved by what 
is generally known as the frequency tracker system. 
To reduce errors arising from aircraft attitude still further than is 

possible by the backward—forward beam (or Janus) system; it is necessary 
to introduce pitch stabilization of the aerial system or, alternatively, to 
introduce a correction in the Doppler data derived from information 
about the aircraft's attitude. In either case the attitude information is 
already available in the aircraft by instruments normally carried. 

Practical Systems 

The simplest Doppler system will display ground speed and direction 
only, but most practical systems employ additional computing equip-
ment to enable automatic calculation of the aircraft's position to be 
achieved. 
Such a system is depicted in much-simplified form in Fig. S. The 

basic configuration of the Doppler radar shown in this figure is further 
elaborated in Figs. 9 and 10. 

Doppler radars fall into two main. categories: C.W. and pulse. 
Practical systems have been evolved using both methods, although 
C.W. presents some problems concerning effective transmitter—receiver 
isolation. 
A modern C.W. system is represented by the Marconi AD2300 

series which uses frequency of 8,800 Mc/s with a C.W. power of I watt 
and aerial beam width (at 3-db points) 4 degrees, depression angle 
67 degrees, broadside angle 12 degrees. Instrumental accuracies 
obtainable with the AD2300A (sensor only) include: ground speed 0-5 
per cent ± 3 knots; drift angle + 0-25 degree; distance flown 0.5. per 
cent. With Types AD230013 and AD2300C, which include computers, 
position accuracy can be indicated to within 1 per cent of distance flown 
when heading is known to within -¡ degree. The basic inputs to the 
computer are ground speed and drift angle from the Doppler element 

• 
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of the system, heading from the aircraft's gyro-magnetic compass or 
other heading reference, and true airspeed from the aircraft's instrument 
lystem. The computed and other outputs are fed to a navigation 
lisplay panel, while those required by the pilot are fed to his flight-
instrument system and to the automatic pilot if desired. 
In most, if not all, existing military Doppler equipments, the opera-

tion is directly monitored and controlled by a specialist member of the 
crew. This makes it possible to cut down the amount of electronics; 
in a civil aircraft these tasks must be performed automatically. The 
AD2300 series provides automatic search, lock-on (acquisition) and 
memory. The automatic memory comes into action whenever the 
Doppler signal-to-noise ratio is below an acceptable level. Automatic 
search is designed so that the spectrum is continuously monitored to 
ensure that the côrrect signal is selected. • It is of particular importance 
in a civil Doppler navigator that the equipment should " fail safe ". 
A representative pulse Doppler is the Decca Type 61, which forms the 

Doppler element of the DIAN system in which a Decca Flight Log or 
other display can be run at will from either Doppler or Dectra. The 
power is 20 watts peak with a 50 kc/s P.R.F. and a 4-microsecond pulse 
width. The aerial beam width is 4¡ degrees, with a depression of 
67 degrees and a broadside angle of 10 degrees. Tho equipment in-
cliides a memory system which continues the computation during any 
interruption of the Doppler signal using the last known heading and 
airspeed of the aircraft. 

APPROACH AND LANDING AIDS 

Ground-controlled Approach (G.C.A.) 

This is a precision radar system enabling the position of an aircraft, 
in range, elevation and azimuth, to be determined on the ground with 
respect to the correct point of touch-down on the runway. As no 
special apparatus is required in the aircraft beyond either a V.H.F. 
or high-frequency communication set, the system will not be described 
here. The pilot controls the aircraft entirely on verbal instructions 
from the ground controller. 

Instrument Landing System (I.L.S.) 

This system, a hich is internationally standardized as the primary 
approach and landing aid, requires extensive special equipment, both 
on the ground and in the aircraft. It relies entirely on the interpreta-
tion by the pilot of data presented to him by automatic equipment on 
the ground. No ground operators are involved. 
The system has three basic functions which give the pilot data on : 

(a) his position in elevation relative to the correct landing path; 
(b) his position in azimuth relative to the correct course to fly 

to line up with the runway; • 
(c) the moment of his passage over three salient points on the 

approach path. 
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A further ancillary to the system, the locator beacon, enables the 
pilbt to approach from a distance .(using a radio compass) to a point 
where he can pick up the transmissions giving him data on (a) and (b). 

The Locator Beacon 
This is a low-power frequency benean radiating an M.C.W. 

(A2) Morse identification tsi U r rvirin,g a continuous L.ignal for 
operating a radio compas ,. 1:y 41..ii;u.g ,, 11 this beacon with his radio 
compass the pilot arrives ot 1,, point where he can pick up the signals 
from the I.L.S. localize!. 

I.L.S. Localizer 
This comprises a tranjinitter and aerial system located about 750 It. 

beyond the " stop ".end of the runway. Two signals aro radiated from 
separate aerial systems. Ono is modulated at 90 c/s and the other 
at 150 c/s. The two aerial patterns intersect so that the equisignal 
line is down the centre of the runway. The localiser receiver in the 
aircraft covers the frequency range allocated to the service (108-
112 Me/s). It feeds both the 90- and 150-cis signals to a centre-zero 
instrument (also the course-deviation instrument for V.O.R.), and when 
this instrument's needle is centred the pilot knows that he is correctly 
aligned with the runway. 
The localiser signals are horizontally polarized (as for V.O.R.), and 

the syspem is always arranged so that the 150-cis pattern is on the 
right as the aircraft faces the approach end of the runway. Coverage 
is such that usable signals are obtained up to 2,000 ft. altitude at 
25 miles over a 20-degree sector centred, on the runway !tio line. 
Cover is also provided up to 17 miles at 2,000 ft. in any othérr 



AERONAUTICAL RADIO AND RADAR EQUIPMENT 19-31 

and up to 1,000 ft. all over the immediate vicinity of the landing area. 
The course sensitivity is such that a 3-degree deviation will result in a 
full-scale deflection of the I.L.S. pointer. 
The localizer can be modulated with speech, and also radiates a two-

or three-letter Morse identification signal. These facilities are available 
without interruption of t:-io navigational facility. 

Often, V.O.R. receivers are arranged to act also as I.L.S. Localizer 
receivers. 

I.L.S. Glide Path 

This operates on frequencies between 328.6 and 335.4 Mc,S, and 
needs a separate receiver in the aircraft. 
The transmitter and aerial system aro located beside the runway 

near the " touch-down " point, and in this case the 90- and 150-cs 
patterns are arranged so that the equisignal line corresponds to correct 
angle of descent for the aircraft. The line can be edjueted to lie 
between 2 and 4 degrees above the horizontal, and usually passes over 
the " touch-down " point at about 20 ft. 
The signals are again applied to a centre zero instrument whose pointer 

is horizontal when in the centre position. This instrument is incor"-
porsAed in the I.L.S. localizer indicator, and its pointer is at right angles 
co the localizer pointer. The system is always arranged so that the 
150-e/s area is below the glide path. 

Glide path coverage is 10 miles over an 8-degree sector in azimuth 
about the runway centre line. 

Marker Beacons 

These are used to mark specific points on the approach path to give 
the pilot some information on his passage along it. 
Each beacon is a low-power, amplitude-modulated transmitter on 

75 Me/s. The aerial systems are arranged to beam signals upwards into 
the approach path over a fairly narrow angle. 
The designations of the I.L.S. beacons aro: 

Outer Marker: 4 miles from runway threshold. 
Modulation-400 cis, two dashes per second. 

Middle Marker: 2,000-4,000 ft. from runway threshold. 
Modulation-1,300 c/s; alternate dots and dashes. 

•••• Marker: 250 ft. from runway threshold. 
adulation-3,000 ; six dots per second. 

T1 e pilot hears the distinctive signals in his headphones as he passes 
over the beacons, and at the same time different coloured lights flash 
on the instrument panel near the I.L.S. cross-pointer instrument. 
The aerial patterns are so arranged that with an aircraft flying on 

the normal approach path at 90-100 m.p.h. the signals will be audible 
for times ranging from 6 seconds for the outer marker to 3 seconds for 
the inner. 

For reception of I.L.S. markers or airway markers (which all operate 
on the same radio frequency) a special receiver is required in the aircraft. 
This is usually a simple single-channel, crystal-controlled super-
heterodyne with a system of audio-filters, rectifiers, relays, etc., to 
operate the signal lamps. 
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A Typical I.L.S. Receiving System 

A typical I.L.S. equipment will usually consist of a V.O.R. receiver 
(which is commonly designed so that, when it is tuned to the I.L.S. 
localizer frequencies, circuits suitable for the 90/160 cis I.L.S. signals are 
brought into operation) together with a Glide Path receiver and a Marker 
Beacon receiver. 
The Glide Path receiver will usually provide twenty crystal controlled 

channels at 300 kc/s intervals in the range 329.3-335 Mc/s. The I.F. 
band-width will be of order the of 135 kc/s at the 6 db point and 500 
kc/s at 60 db. The A.G.C. should hold the output substantially 
constant for inputs between 30 and 100,000 µV. Gain uniformity 
from channel to channel should be such that the on-course output will 
not change by more than ± 2 ialt nor the deflection sensitivity by moro 
than ± 3 µA. 

Deflection sensitivity will bu such that, with an average signal of 
several hundred microvolts, a difference in strength between the 90-
and 150-cis modulations of not moro than 2 db will produce an output 
to the cross-pointer indicator of the order of 80 µA. 
A Marker Beacon luceiver is usually a straight T.R.F. receiver, 

crystal-controlled on one ' channel. The I.F. response will be of the 
order of 40 kc/s band-width at 6 db and 200 kc/s at 60 db. Automatic 
gain control should hold the output within 6 db for inputs between 200 
and 100,000 V. Sensitivity should bo such that 100 i/V will give 
adequate lamp indication. 

MISCELLANEOUS NAVIGATIONAL SYSTEMS 

Gee Track Guide 

Gee is not a direct-reading system and is, therefore, not suitable for 
pilot operation, but a Gee system has been proposed which makes use of 
the fact that it would be quite practicable to make a direct-reading 
device of the " left—right " indicator type which would enable a pilot to 
fly along any selected Gee hyperbola; since this would merely involve 
detecting a constant time difference. 
By re-arranging the disposition of the stations this facility could be 

made to produce an approach aid of longer range than I.L.S. and 
greater precision than V.O.R. 
The system involves placing a Gee master arm une slave about 10 

miles apart so that the right bisector of the base line lies on the continua-
tion of the runway. It can be shown that the Gee position lines can be 
regarded as straight lines radiating from the centre of the base line for 
all distances over three times the length of the base line (i.e., over 
30 miles in this case). 
Working from the known resolution of the system, it can be seen that 

there will be about thirty readily distinguishable tracks in the 60 degrees 
on either side of the normal to the base line. These could very well 
take the place of some of the radials of the V.O.R. system, but will 
_afford much greater accuracy. 

Seven of these tracks will also actually pass within 14 miles of the 
centre of the base line, and one, of course (the line of no time difference), 
will pass exactly through the centie. 
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Since each lino corresponds tr) a definite constant time difference, 
it would ho easy to make the poise spacing operate a centre zero motor 
through suitable circuits. 
Using transmitters of 1 kW peak power, the range would vary from 

50 miles at 1,000 ft. to 145 miles at 10,000 ft. Track accuracy would 
be of the order of ± I degree. 

Shoran 

This system has nothing in common with Loran, as its name might 
suggest, but is a very accurate American system used for aerial survey 
work, and employs direct measurement of distance to two known points 
by using an interrogator in the aircraft and two transponders on the 
ground. 

Teleran 

This is a projected American sysicin for determining the aircraft's 
position by ground radar and transmitting the data to the pilot, together 
with any other useful information by a television link. 

WARNING VICES 

Cloud and Collision Warning 

One of the most serious natural dangers which beset aircraft is cloud 
of the cumulo-nimbus type, in which ascending and descending air 
currents may reach velocities of 30,000 ft. /minute. At night it is quite 
possible to fly into such cic 'ide without warning, but it was found several 
years ago that they could be del icted by centimetric radar. 
Such a system has been developod, and consists of a radar scanning 

a wide sector ahead of the aircraft, the scanner being stabilized against 
both roll and pitch. 

This radar will give warning of tropical cumuliform clouds of 
dangerous size at distances of up to 40 miles. It also gives some protec-
tion against collision with other aircraft, which it will detect at distances 
up to 14 
A further facility terrain-rlearance indication—I he equipment will 

detect high ground y it luir n if s field of view and give adequate information 
on its distance and t;.proNiinate relation between its height and the 
altitude of the aircraft. 

Radio and Radar Altimeters 

The barometric altimeter in an aircraft is set before take-off to read 
the actuarheight of the airfield above sea- level. This set ting rally holds 
good when the atmospheric pressure is the same as it was when the alti-
meter was set. If the aircraft flies to an area where the pressure at sea-
level is different, it will not read correctly. Furthermore, it only shows 
height above sea- level—het above the ground. 

In an atterne to provide an altimeter that would not only be immune 
from atmospheric change but would also indicate actual height above the 
ground the radio altimeter was developed. 
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The earliest successful syStem (which is still in use) involves a trans-
mitter—receiver which radiates from a small dipole on one wing a signal 
varied sinusoidally between 420 and 460 Mcis at a rate of 120 cjs. 
This signal is reflected from the ground and picked up by the receiver 
via an aerial on the other wing. The received signal is compared in 
frequency with the signal passed direct from transmitter to receiver 
and, because of the timo taken to effect the journey to the ground and 
back, its frequency will be different from that being received direct from 
the transmitter. 
The audio difference frequency is proportional to the altitude. It is 

averaged over a. amber of sweep cycles, and the result is applied to a 
meter calibrated in feet. The equipment has two ranges 0-400 ft. 
and 0-4,000 ft. Accuracy is 5 ft. 5 per cent of the altitude for the low 
range and 50 ft. -I- 5 per cent of the altitude for the high rango. 
For high-altitude work the radar altimeter exists. This is a very 

simple radar system •giving distance only. It uses the same type of 
aerials as the radio altimeter. 
One of the factors which makes it still impossible to land an aircraft 

in zero or very low visibility (even with G.C.A. or I.L.S.) is the fact that 
it is impossible to measure its height with sufficient accuracy (± 1 or 
2 ft. is essential), and many types of radio altimeters have been projected 
for this purpose. 

Phase Altimeters 

One proposal on which some development has been_carried out is the 
phase altimeter. In this system a carrier of the order of 3,200 "%leis 
is modulated at 492 kcis and the phase-shifted modulation in the re-
flected signal compared with the original modulation with a " Decca 
type phase-comparison meter. The modulation frequency chosen 
produces 1 revolution of the phase meter per 1,000 ft. 
The modulation frequency is crystal controlled to 1 part in 10,000; 

as 10 ft. in height corresponds to about 3 degrees phase shift, measure-
ment should be possible to better than 10 ft. 

This is not good enough for blind landing, but the whole system is 
basically more suitable for general altimeter work than the two pre-
viously mentioned, which can often be subject to gross errors, due to 
installation difficulties and the difficulty of correct adjustment during 
maintenance. 
• 

Modern P.M. Altimeters 
The altimeter which has shown great promise of low-altitude accuracy 

is the latest F.M. type. 
In this, a transmitter of about 500 m‘V power on 4,200-4,400 Mcis is 

swept over a 100-Mcis band. Tho reflected signal is picked up on a 
receiver and, after rectification in a balanced mixer, a signal whose 
. frequency is proportional to height is obtained. This is further processed 
to obtain a D.C. output proportional to height. 
A built-in check on operation and calibration is provided by the 

ability to connect a delay line of accurately known characteristics 
between transmitter and receiver aerials. 

Versions of the system described above have been used in the United 
Kingdom to give the altitude information for completely automatic 
landing of aircraft. The accuracy of this equipment is said to be 
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3 per cent of indicated height; it is capable of resolving height differ. 
ences of 2 ft. 

Radar Transponders 

To improve the operation of the ground radar equipment of Air 
Traffic Control, by enabling positive identification of aircraft echoes 
through precipitation or at the limit of range, transponders can be 
carried in the aircraft. These are interrogated by the ground facility 
and transmit replies which can be coded, if desired, to convey additional 
information. 

AIRCRAFT AERIALS 

In earlier days of aircraft radio the aerial consisted of a long, weighted 
wire which could be paid out or reeled in by a hand-driven winch. This 
type of aerial was used on larger aircraft until the end of the late war. 
and was very convenient for high-frequency working, as its length could 
be adjusted to suit the frequency being used. 
The trailing aerial was often supplemented by a fixed aerial running 

from a mast, forward, to the tail fin. On the faster aircraft, this 
eventually replaced the trailing aerial, and is still used on the slower air-
craft of the present day. There are difficulties attendant on the use of 
the fixed aerial, arising from it short length, which necessitate heavy 
loading on the lower portion of the high-frequency range. At higher 
altitudes, because large voltages are built across the loading coil, problems 
concerned with flash-over at the feed end of the aerial are likely to be 

c C ucce. 

ace. me ....cc et 

AYS 

  nta:7-.141.• CC 

41.2. Iaklu 

1  
es< 

Me. Cal• 

ausee 

C4CM 

Oce.co.• 

q)] 

FIG. 12.—TYPICAL MAIN-LINE AIRCRAFT RADIO AND NAVIGATION 
INSTALLATION. 



19-36 • RADIO AND TELEVISION REFERENCE BOOK 

experienced, and this is a major obstacle to the increase of transmitter 

power. 
For V.H.F. operation the most common aerial for many years has 

been the standard Air Ministry " whip ", a tapering steel rod mounted 
on a strong bakelite base and forming a simple quarter-wave vertical 
aerial. For the I.L.S. localizer and glide path and marker service, small 

dipoles are in use. 
Radio compass aerials, originally unstreamlined, screened loops 

about 18 in. in diameter, soon became modified to smaller loops in 
streamlined housings, stood off from the fuselage on short pedestals. 
For sense aerials, two types have been in general use: a longer version 
of the V.H.F. whip or short horizontal wiro aerials, stood off a few inches 
from the fuselage on short posts. 
With the advent of jet aircraft it has become impossible to tolerate 

the drag of even small carefully streamlined aerials; " suppressed " 
aerials for all radio services are in existence, and considerable develop-
ment is being devoted to this branch of the art.. 

Suppressed Aerials 
(a) For Radio Compasses.—Thcso commonly consist of small dust - 

iron-cored loops fitted in recesses in the, fuselage and covered by flush. 
fitting insulating plates. Specialized design has resulted in these aerials 
being comparable in performance with the older type mounted clear of 
the skin. 

(b) For V.H.F. Serviceo.—For all. V.H.F. purposes (I.L.S., V.O.R., 
communication, etc.) many types of aerials are in use, according to the 
type of aircraft. Two main problems affect the design of suppressed 
V.H.F. aerials: the difficulty of attaining the efficiency of externally 
mounted aerials and the necessity to obtain all-round coverage, especi-
ally for communication and V.O.R. aerials. . 

It is well known that a " slot " or cavity in a conducting surface can 
be excited in the time way as a conventional dipole, and this type of 
aerial is widely used; sometimes in highly specialized forms. 

In other cases areas of the tail fins are made of insulating material 
and have various shaped metal-foil radiators fastened to them and 
suitably connected to act as aerials. 
Anothie technique is to make the wing-tip or a portion of the leading 

edge of the main plane or tail out of insulating material and house within 
it a folded dipole or other similar radiator. 

(c) For High-frequency Working.—The problem here is to obtain a 
radiator of sufficiently largo dimensions to reach any sort of efficiency 
at the frequencies used (especially at the lower end of the band). The 
technique usually takes the form of exciting a large portion of the air-
craft, such as the main plane or the fuselage, by means of a cohpling 
coil. The problem is complicated by the difficulty of getting adequate 
coupling over the band, and provision usually has to be made for tuning 
of the coupling and also for variable matching. Although there are 
considerable difficulties in the suppressed high-frequency aerial 
technique, it has the advantage in high-altitude aircraft that the whole 
of the aerial-coupling system can be pressurized (as all parts are inside 
the aircraft), and this removes a great deal of the trouble with flash-
over on high power at high altitudes. 

D. II. C. S. 
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20. RADIO ASTRONOMY AND SATELLITE 
COMMUNICATION 

TECHNIQUES OF RADIO ASTRONOMY 

In 1932 Jansky discovered that there are radio waves reaching the 
earth from outside it. The incoming radiation has the characteristics 
of random noise. Since then the contours of intensity over the sky have 
been plotted at different frequencies; in addition to an intense belt 
of emission along the Milky Way, many localized sources have been 
found, one of these being the Sun. The study of these naturally pro-
duced radiations has become known as radio astronomy. 
At the present time observations are confined to wavelengths which 

can penetrate the earth's atmosphere. The micro-waves are affected by 
molecular absorption and the long waves are reflected out by the 
ionosphere. The limits are approximately 1 cm. to 30 m. 

Quite apart from the intrinsic interest of the subject, practical 
applications include: 

(i) Information on solar—terrestrial relations, leading to incresed 
understanding of radio-wave propagation. 

(ii) Information on refraction and absorption by the ionosphere. 
(iii) Knowledge of the sky noise level. 
(iv) Use of radio sources for navigation independent of visibility. 

The techniques of radio astronomy are aimed at particular aspects 
of the general problem of determining the intensity and polarizatibn of 
the incoming radiation as a function of direction, frequency and time. 

It is already known that: 

(i) The distribution of emission over the sky consists of a back-
ground radiation, superimposed on which are numbers of discrete 
sources which vary in size from seconds of arc upwards. The 
background is not resolvable into discrete sources. It has a 
maximum value in the plane of the Milky Way and towards the 
centre of the Galaxy, and is thought to originate largely in the 
interstellar gas. 

'(ii) There is a continuous spectrum of radiation over the whole 
observable range of wavelengths, although the intensity decreases 
with wavelength. Line emission of monatomic hydrogen at 
1,421 Mcis has been observed, and there are other spectral lines 
(notably these of deuterium at 327 Mcis and the hydroxyl radical 
OH at 1,666 Mc/s) which may be observable. 

(iii) Except for the Sun and Jupiter, no intrinsic variations of 
intensity with time have been found for .any source. There are 
variations due to the ionosphere, notably at frequencies near the 
critical frequency and also fluctuations (analogous to the " twink-
ling " of stars) of the intensity and direction of sources due to 
irregularities in-the F-layer. 
, ( iv) Again excluding the Sun and Jupiter, the radiation is in 
general randomly polarized. Some plane polarization has been 

/111_.• 
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detected, and it is important for theoretical reasons to investigate 
this. 

(y) The Sun is a source of particular interest, since it is the most 
accessible star. The solar corona emits thermal radio radiation, 
and the variation of the shape of the radio sun with wavelength 
gives information about electron density and temperature in the 
corona. 

It is a highly variable source at times when there are sunspots 
on the disk. The Sun is then said to be active. Circularly polarized 
radiation has been observed at these times. 

Current lines of work in radio astronomy include. 

(i) Classification and correlation of the radio emission associated 
with solar activity. 

(ii) Surveys of the distribution of the background radiation 
over the sky. 

(iii) Measurements of the positions, intensities and angular sizes 
of discrete sources. 

(iv) Study of the 1,421-Mcis hydrogen line, involving measure-
ment of the intensity and Doppler shift of radiation in different 
directions. 

The basic equipment required for radio astronomy is evidently a 
highly directive aerial and a low-noise receiver. In addition, there are 
such special requirements as wide-band spectrometers at metre wave-
lengths, narrow-band spectrometers at 1,421 Mo/s, polarimeters, etc. 

General Principles 

Consider the energy from a discrete source AE tietween frequencies 
f and f Af falling on an area AA in a time At (>1/(Af)). The flux 
density S of the source at frequency f is then defined as: 

AE 
s _  . AA. At 

Tho usual units aro those of the M.K.S. system, i.e., watts per square 
metre per cycle per second (watts. m. 2. (c/s)-1 ). 

Typical flux densities at f = 100 Mcis are S == 10-22-10- 15 watts. 
(c/s)-1 for discrete sources, though when active the Sun can reach 
10-19 watts. m.-2 . (c/s)-1. 
For an extended source (or the background) we can specify the 

energy coining from a particular direction (0, e). Suppose that from 
an area subtending a solid angle Af.0 the flux density is AS, then the 
brightness b(0, ck) at frequency f in- that direction is 

b(0 Um AS , 
Ace-3-o Ace 

The units of b(0, e) are watts per square metre per (cycle per second) 
per steradian (watts. m.-2 . (c/s)-1 . ster-1 ). It is evident that the flux 
density of a source is the integral of the brightness due to the source 
over the solid angle subtended by it, i.e., 

S = fb(0, 0)dco 
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For any quoted value of these quantities the polarization must be 
speci6.-1. If the polarization is random, then the total flux is twice 
that received by a linearly polarized aerial. 
The brightness is often given as a " brightness temperature ", 

defined as the temperature of a " black body" which would give the 
same flux as that observed. This is convenient, since it may be shown 
that a matched aerial situated in an enclosure of constant temperature 
T delivers a thermal noise power P per unit band-width equal to that 
available from a resistance at temperature T, i.e., 

P = kT 

where P is the noise power per unit band-width; k is Boltzmann's 
constant = 1-38 x Er" joules per ° K.; T is the absolute temperature. 
The receivers used in radio astronomy may be calibrated in terms of the 
thermal noise power from a resistor at the input, and in this case it is 
possible to proceed (without knowledge of the band-width) from the 
output signal to the " effective aerial temperature " (see later), and 
hence the sky brightness. 
The relation between b and Tb is given by Planck's Law 

1  b — 21113 . 
c2 exp(hfIkT) — 1 

where h is Planck's constant = 6-623 x 10-34 joules secs. and c is the 
velocity of light = 2-9972 x 10° m.sec.-l. 
At radio wavelengths hf 4 kT and Planck's Law reduces to the 

Rayleigh-Jeans approximation 

2kTbf 2k Tb 
C2 X' 

where A is the wavelength. 
If a source in a direction (0, 91) has a flux density S we can define an 

" effective area" of an aerial as 

2P 
l(0, ç6) = --s-

where P is the power absorbed per unit band-width. (The factor 2 
assumes random polarization.) 

For the general ease 

P = f A(0, 95) . b(0, 95)dui 

Let the maximum value of A(0, 95) be A. and tho moan be 

1 
.T- = —f 95) . do) 

47r • 

The " directivity " D(0, 4.) of the aerial A(0' i) 

and 
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It may be shown by a thermodynamic argument that 

A = P/47r 

.'• A. = D..12/47r 

The effective solid angle of reception is given by no (say) 

where û, = 47r/De  
and the total number of beam-widths in the sky is 

1/Il, = D./47r 

The " effective aerial temperature" T. is given by 

1 
T.= 4-171 D(0, 0). T6(0, 0)dw 

20-5 

We note that if T6(0, çb) is a constant Tb then 

= Tb as would be expected, 

also for a small source situated in the direction such that D(0, 0,) = 
and having a temperature T and subtending a solid angle ()('<n.) 

flD„T/47r = T. fl/C16 

If the aerial is connected to the receiver by a feeder of temperature 
T. and fractional power loss a, then the effective temperature at the 
receiver input is T. where 

T. = aT, -* ( 1 — a)T. 

(i.e., T. is the temperature of a matched resistor giving the same noise 
power). 

Aerials 

Aerials 1. 3 that have been used in radio astronomy .include: 

(i) Half-wave Dipole. This is not sufficiently directive by itself 
(directivity = Hi), but end-fire arrays such as the Yagi can have 

REFLECTOR 

FIG. 1.—A BROADSIDE ARRAY. 

REFLECTOR 

FIG. 2.—A HELICAL AERIAL. 
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LINE OF DIPOLES 
AT FOCUS 

REFLECTOR 

FIG. 3 (left). — A 
PARABOLIC TROUGH 

AERIAL. 

FIG.. 4 (right). — A 
PARABOLIC REFLEC-
TOR WITH DIPOLE 
FEED AND RE-

ELECTOR. 

DIPOLE FEED 
WITH REFLECTOR 

PARABOLO:OAL 
REFLECTOR 

directivities •=• 10. Yagis are light, but narrow-band and difficult 
to adjust. A dipole over a reflecting surface has a directivity of 
3.2. 

(ii) Broadside Arrays of Dipoles. See Fig. 1. A number of 
dipoles mounted above a reflector form a useful aerial at metre 
wavelengths. For a small number of dipoles n, the directivity is 
=-3-2 n. For a large array the effective area is close to the physical 
area. bisadvantages are the large number of connectors and the 
difficulty of changing frequency. 

(iii) Helical A erials.3 See Fig. 2. Helical aerials detect circularly 
polarized radiation incident along the axis of the helix. They may 
nevertheless be used for randomly polarized radiation, since this 
can be considered as made up of two components rotating in 
epposite directions. Helical aerials are wide-band (=2: 1 in fre-
quency). 

(iv) Rhombic Aerials. These are also wide-band, but the 
directivity is not high. 

(v) Horns!. 6 The horn is cumbersome at long wavelengths, but 
much used as a feed at the focus of paraboloidal reflectors used at 
centimetric wavelengths. The horn is valuable for absolute 
measurements of flux density, since the directivity may be calculated 
theoretically to within an accuracy of a few per cent. 

(vi) Parabolic .Reflectors. These may take the form of: (a) a 
parabolic trough Fig. 3 with a string of dipoles along the line focus, 
or more commonly (b) a paraboloid of revolution with either a 
dipole and reflector or a horn feed at the focus (Fig. 4). The great 
majority of radio-astronomy aerials for high-frequency work are 

REFLECTORS LINE OF 
DIPOLES 

FIG. 5.—A CORNER REFLECTOR. 
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of this latter type. The wavelength of operation may be easily 
altered by changing a single feed. A disadvantage is that the 
effective area is only about 50 per cent of the actual area. Quite 
apart from the physical movement of the reflecting surface, the 
beam may be moved up to about three times its own width by 
displacement of the feed point. 

(vii) *Corner reflectors. See Fig. 5. These are not very directive, 
but are cheap and simple to make. 

(viii) Slotted Wave-guides. These have been used to give a fan-
shaped reception pattern at short wavelengths. 

Feeders 

The requirements for feeders in radio astronomy are low loss and 
phase stability. At centimetric wavelengths waveguides are used, and 
at the longer wavelengths usually transmission lines. Flexible co-axial 
cables with polythene insulation are cheaper, but have more loss than 
air-spaced co-axial lines. Twin-wire lines have very low loss, but the 
electrical length alters when they get wet, so that arrays using such 
feeders may be unserviceable in conditions of rain, dew and frost (see 
Sections 12 and 13). We have seen that the effective temperature at 
the input of the receiver depends on the temperature T. of the feeder. 
It may therefore be necessary to provide feeders with thermal insulation 
(e.g., by burying them) to maintain T. constant. If a number of aerial 
elements are to be connected together it is often desirable to make the 
electrical path from each the same as in Fig. 0. This ensures that the 

FIG. 6.—EQUALISATION OF 
FEEDER PATES. 

band-width is not unnecessarily liMited by phase changes over a wide 
band. 

Mountings 

There are three types of mountings: 

(i) Meridian. In this (Fig. 7) the aerial can be directed, to 
different positions along the meridian but not away from it. A 
strip of sky is then scanned once in a sidereal day (23,‘ 56m) by 
means of the rotation of the earth. The altitude of the beam may be 
altered by: (a) physically tilting the array about an East-West 
axis, or (b) altering the electrical path between the elements of the 
array (Fig. 8). There are examples of such aerials at Cambridge 6 
and Sydney '1 among other places. 

(ii) Equatorial. In this type the aerial can be turned to any 
direction, one of the rotation axes being parallel to the earth's axis. 
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LimE T  T  T  T  

FIG. 7 (left).—MERIDIAN MOUNTING. 

FIG. 8 (right).—BEAM SVPINGING BY ALTERING 
RELATIVE PHASES OF ELEMENTS. 

It is then particularly easy to track astronomical bodies. All 
optical telescopes are mounted in this. way. Fig. 9 shows a Yagi 
aerial with an equatorial mount. Many large (up to 140-ft.-
diameter) paraboloidal reflectors are so mounted 8; but for the very 
largest sizes mechanical difficulties become prohibitive. 

(iii) Altazimuth. As the name indicates, this mount enables 
both the altitude and azimuth of the aerial to be varied (see 
Fig. 10). The 250-ft.-diameter reflector at Jodrell Bank. is of 
this type. A co-ordinate converter is required with this type of 
mount. 

Receivers 

Since the function of radio-astronomy receivers is to measure tern. 
peratures, they are often called " radiometers ". If a source producei 
an equivalent input temperature T. and the receiver noise temperatun 

10 CELESTIAL 
POLE 

FIG• 9.— YA GI ARRAY IN EQUATORIAL 
MOUNTING. 

FIG. 10.-ALTAZIMUTH 

MOUNTING. 
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is Ts =-.(N — 1)T., where N is the noise factor and T,, is commonly 
290° K., then it may be shown that the source is detectable if 

T.> Tertlfri 

where r is the time-constant of the output circuits, and Af is the recei‘;er 
band-width. 

It is therefore advantageous: 

(i) To increase Af. Such increase may be limited by the desire 
to study the variation of S with f. or by the necessity of avoiding 
interfering, signals. 

(ii) Te increase r. Such increase is usually limited by the need 
to follow thee variations of the signal. Some visual averaging 
of the records is feasible, and there is also the possibility of inte-
grating numbers of independent records. Typical values are 
Af = 1 MCIS, = 1 second, i.e., 

(rAf)-1 = 10-3 

(iii) To reduce T. TR is mainly determined by the input 
stages. Until recently the best noise factors have been obtained 
by the use of thermionic triodes used in grounded-grid or cascode 
circuits at the lower frequencies and crystal mixers at higher ' 
frequencies. The best noise temperature for triodes increases 
approximately linearly with frequency from 30° K. at 10 M../s to 
1,000° K. at 1,000 Mc/s. For crystal mixers the noise temperature 
remains at about 600° K. from 400 Mc/s to 10 kMc/s and then 
increases to 10,000° K. at 100 kMe/s. 

New types of low-noise receivers have now been devised. One is 
the MASER (Microwave Amplification by Stimulated Emission of 
Radiation), a solid-state amplifier working pn quantum principles. 
In this a crystal of a rare-earth salt absorbs energy from an oscillator 
at a high frequency and is stimulated by the signal to emit the energy 
at the signal frequency. The frequency is controlled by an external 
magnetic field. The crystal works best when cooled to liquid-helium 
temperatures and the noise temperature is correspondingly low, e.g., 
50° K. at 1,000 Mc/s. 

The other is the parametric amplifier,, which achieves amplification 
by tue periodic variation of a circuit parameter. This may be, for 
example, a crystal diode forming part of the capacity in a tuned circuit. 
'This is biased in the reverse direction by a variable voltage provided by 

FIG. 11.—NOISE TEMPERATURES IN 
RELATION TO FREQUENCY. 
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an oscillator known as the " pump ". The net effect is that energy is 
transferred from the pump oscillator to the signal. An alternative type 
utilizes a modulated electron beam, and has a band-width of 80 Mc/s 
and a gain of 30 db. For frequencies up to 1,000 *Mcis noise tempera-
tures of less than 100° K. have been obtained. With sueh low noise 
temperatures the losses in feeders and the contribution to the aerial 
temperature of those side lobes of the reception pattern which are 
directed towards the ground become of paramount importance. 

Further information on masers and parametric amplifiers is given in 
Section 23. 
These various noise temperatures are, illustrated in Fig. 11 as a 

function of frequency. Also shown are brightness temperatures of 
the galactic background which are greater than the noise temperatures 
of triodes at frequencies below about 300 Me/s. 

Types of Radiometer 

In addition to the random fluctuations of receiver noise there are 
variations in gain and TR due to such causes as change of mains voltage, 
etc. A 0.1 per cent change in gain would produce a change in output 
equal to the signal in the example previously considered. Even if 
voltage stabilization is provided, present techniques are not capable of 
maintaining the gain and TR sufficiently constant. Radiometers are 
therefore designed to reduce or eliminate the effect of such changes: 

(i) Dicke Radiometer.° See Fig. 12. In this the receiver, a 
superhet, as are the great majority of receivers used for radio 

RECEIVER 
PHASE 

SENSITIVE 
RECTIFIER  

INTEGRATOR FIO. 12.—THE 
DICKE RE-

CEIVER. 

astronomy, is switched (at say 30 c/a) from the aerial to a load of 
the same impedance and at a known temperature. The amplitude 
of the square wave output is nearly independent of T5, though 
still linearly proportional to the gain. 

(ii) Noise-compensated Comparison Radiometer. The gain de-
pendence of the Dicke radiometer may be largely removed by alter-
ing the temperature of the load until it approximates to the aerial 
temperature. In the case of large aerial temperatures it is more 
convenient to use as a reference the shot noise. produced by a tem-
perature-limited diode. If the diode current is I, then the effective 
temperature of a resistance R connected in series with the diode is: 

el 
T. -1- q; • R 

where e is the electronic charge, and k is Boltzmann's constant. 
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Such a noise diode (e.g, 0V211'1) is also used for calibrating radio-
.meters. Diodes may be used up to frequencies of about 1,000 Mois 
and can produce effective temperature of about 10,000° K. They should 
not be treated as absolute standards but calibrated against thermal 
loads. 
At high frequencies an argon-filled discharge tube (CV1881) may 

bp inserted into a waveguide and used as a noise source with an effective 
temperature of about 11,000° K.1° For high frequencies at which the 
aerial temperature is less than ambient it may be convenient to maintain 
the comparison load at room temperature and to feed noise in to the 
aerial lino by means of a directional coupler. This will result in an 
increase of the total noise, but it is not likely to be important. A 
radiometer utilizing this principle at 8,000 Mois has been described by 
Drake and Ewen (Proc. I.R.E., Vol. 46, 53, 1958) and is illustrated in 
Fig. 13. A notable feature about this receiver is the use of three 

DIRECTIONAL COUPLER 

NOISE 
GENERATOR  

SwITCH ' 
FERRITE TWT FILTER -a. T.W.T. -I. FILTER -I. DETECTOR 

REF ER1  
GENERATOR 

PHASE 
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RECTIFIER  

FIG. 13.—DRAKE AND EWEN TRAVELLING-WAVE TUBE RECEIVER 
WITH " NOISE COMPENSATION ". 

travelling-wave tubes in series so that a band-width of 1,000 Mots is 
possible. With an output time-constant of 100 seconds the minimum 
T. detectable is 0.01° K. 

(iii) Servo-controlled comparison radiometer» In this radiometer 
(see Fig. 14) a servo-control adjusts the noise diode current so as to 
maintain the noise output equal to that from the aerial. The 
diode current is then a measure of the aerial temperature. The 
receiver acts only as a null detector, so the output is independent 
of changes of gain or receiver noise. 

Interferometers 

One of the chief difficulties in radio astronomy is that of attaining 
sufficient resolving power to be able to measure positions of radio 
sources with accuracy. For a paraboloidal reflector of diameter a, the 
beam-width fi is approximately Ala radians and if A = 1 m. and a = 60 
metres, then /3 =- 1°. With fi = 1° it may be possible to locate a 
discrete source to within about 10'arc, but in order to make identifica-
tions with optical objects certain, the positions must be measured to 
within about l'arc. A reflector with diameter of 600 m. is impracticable. 
The resolving power increases at higher frequencies, but the flux 
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density of sources falls and the receiver noise rises, so that there is an 
optimum frequency for the observation of radio sources, in the range 
400-1,000 Mc/s, depending on the techniques used. 
Radio interferometers consisting of two or moro spaced aerials con-

nected to the same receiver offer a solution to this problem. The 
directivity of such an arrangement is shown in Fig. 15. Consider in 
Fig. 16 two aerials each of effective area A(0) and separated by a distance 
Z. If there is a source such that the flux density from a strip bounded 
by directions 0 to 0 ± d0 is P(0)d0, then the total power frorii the 
source intercepted by the aerials is: 

[P(0) . A(0)[1 cos(27r/ sin. 0 IA)]d0 

where the integration is taken over the angular size of the source. This 
becomes: 

JP(0) . A(0)d0 j P(0) . A(0) cos(2114 sin 014d0 

The first term is the power from one aerial alone. As the earth ro-
tates and O varies the second term varies sinusoidally so that the radio-
meter output, which is the algebraic sum of the two terms, changes 
with timo as shown in Fig. 17. If A(0) can be considered as constant 

f 
FIG. 16.—SPACED AERIALS 

INTERFEROMETER. 

Fie. 17 (right).—THE RESPONSE OF A 
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over the source, then it may be placed outside the integral sign and for 
small 0: 

JP(8) cos(27T/ sin 0 IA)d0 =-- P(0) cos(277011A)d0 

which is the component of angular frequency //A in the cosine Fourier 
Transform of the strip distribution of intensity over the source. For a 
point source there is an equal component for any spacing 1, the second 
term equals the first, and the output is shown in Fig. 17 (a). For a 
source of angular size éomparable with //A, the high-frequency com-
ponents are reduced and the output may be like that shown in Fig. 17 (b). 
For a source large compared with //A (but small compared with the 
beam-width A/a) the component of angular frequency //A approaches 
zero and the output is shown in Fig. 17 (c). The -exact shape of the 
output clearly gives a measure of the angular diameter of the source. 
The quasi-sinusoidal traces produced by an interferometer are often 
described as interference fringes by analogy with Young's double-slit 
interferometer in optics. The angular size of the radio source corre-
sponds exactly with the size of the source slit in Young's interferometer. 

It is evident that a source of small angular size may be located more 
accurately with respect to the interference fringes than it may with 
respect to the envelope of the reception pattern. It is not possible to 
increase the accuracy without limit by increasing 1, because of un-
certainty as to which of the interference fringes is the central one. 
The total strip distribution of intensity across the source may be 

determined by measuring the amplitudes of the sinusoidal term above as 1, 
the aerial separation, is altered and then carrying out a Fourier synthesis. 

The Phase-switching Receiver 

For the detection of radio sources the principle of " phase-
switching " 12 has considerable advantages over the straight radiometer. 
Two aerials are used as an interferometer, but a switch is arranged so 
that the aerials are connected in phase and in anti-phase at a frequency 
of say 400 c/s. A block diagram of the circuit is shown in Fig. 18. 
The reception pattern when the aerials are connected in phase is shown 
by the full line in Fig. 19 (a) and by the dotted line when connected in 
anti-phase. The receiver measures the difference between the signals 
received in these two cases, Fig. 19 (b). The record is seen te have a 
central zero. As in the case abqve, the amplittide of the qrasi-sinu-
soidal fluctuation is proportional to the component of angular frequency 
1IA in the cosine Fourier Transform of the strip distribution of intensity 
over the source. An alternative way of thinking of this is that the 
output measures the cross-correlation between the signals arriving at 
the two aerials. By comparison of the amplitudes at different spacings 
the angular distribution of intensity over the source may be obtained. 
For the measurement of very small angular sizes, large spacings, e.g., 
20-40 km., may be necessary, and this entails the use of radio links. 
Advantages of the phase-switching technique are: 

(1) Angular variations in intensity having large sizes (such as 
the galactic,background) cause a steady signal in the receiver and 
are eliminated from the record. This enables a high sensitivity to 
be used. 
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(2) Effects due to changes of gain may be reduced by the em-
ployment of automatic gain control. The gain is then determined 
by the galactic background noise at low frequencies and the input 
circuit noise at higher frequencies. 

(3) Tho times at which the trace crosses the zero line may be very 
accurately determined and used to give an accurate position. 

(4) Interference arriving at one aerial alone is not recorded. 

If the directivities of the two serials are D, and D2, then the effective 
directivity of the system is: 2VDID2. 
By continuously changing the relative phase of the two aerials the 

interference fringes of the reception pattern may be swept across the 
sky and the periodicity of the fringes in Fig. 19 (b) increased or reduced. 
This technique is known as swept-lobe interferometry. 

The Mills Cross 

Two aerials (Fig. 20), one extended East-West and one North-South, 
form the two elements of an interferometer.? The first receives radia-
tion from a narrow strip of sky running North-South and the other from 
a strip running East-West. When they are connected to a phase-
switching receiver, the output measures the intensity of the region of 
sky common to the two beams, i.e., the small patch at the point of inter-
section of the two strips (Fig. 21). The effective directivity therefore 
corresponds to that of a conventional paraboloidal reflector with a 
diameter approximately equal to the total length of the arms. A 
practical case is the " Mills Cross" at Sydney, in which the arms are 
1,500 ft. long and at 85 Mcis a beam-width of 50'are is obtained. The 
signal strength is not as great as that of the equivalent reflector, since 
the area of ground covered is less, i.e., it is an " unfilled " aperture. 
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OF INTERSECTION. 

At low frequencies this may be no handicap. The altitude of the beam 
is altered by introducing progressive phase shifts as previously described. 

Multiple-aerial Interferometry 

Many of the methods used in optical interferometry are directly 
applicable to radio astronomy. An analogue of the diffraction grating 
has been designed by Christiansen (Proc.I.R.E., Vol. 48, 127, 1958). 
He has constructed an array of thirty-two paraboloids, each of diameter 
19 ft. and separated by 40 ft., along an East-West line crossed by a 
si milar array along a North-South line (Fig. 22). The directivity of the 
East-West line is illustrated in Fig. 23, and when this is combined with 
the North-South line in a phase-switching receiver a directivity as in 
Fig. 24 is obtained. This instrument is designed for .a frequency of 
1,421 11/1c/s and is used for observations of the Sun. 

Aperture Synthesis 

In this technique 14' 14 a series of observations, made with a pair of 
aerials in different positions, is combined to give results equivalent to 
those obtainable from a much larger aerial. It is therefore known as 
" aperture synthesis ". Consider the operation of an aerial such as a 
large broadside array of dipoles or a paraboloidal reflector. The signal 
produced by the aerial may be regarded as the vector sum of the 
currents induced in each part of the aerial. In the case of a paraboloid 
this vector addition is achieved, automatically, at the focal point, 
while for an array the same result is reached by connecting all the 
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FIG. 22 (left).—PLAN OF A CROSSED MULTI-
ELEMENT INTERFEROMETER (after Christian-

sen, Proc. I.R.E., Vol. 46, 127, 1958.) 

leio• 23 (right).—DIRECTIVITY OF ONE ARM OF THE CHRISTIANSEN 
MULTI-ELEMENT INTERFEROMETER. 
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elements to the receiver in the same phase. If it were possible to 
measure the current induced at each portion of the aperture by moving a 
small aerial across it, vector addition of the currents would give, for a 
constant source, the same result as obtained by using the complete 
aperture. This process is not possible using a single receiving element, 
since it is not possible to determine the phase. It is possible, however, 
using two small aerials as an interferometer. 
. Consider a rectangular array as shown in Fig. 25. The current 

Fro: 24 (1eft).—THE LOBES OF 

THE CHRISTIANSEN INTERFERO-
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CELESTIAL SPHERE. THE 

RECEIVER RESPONDS ONLY TO 
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INTERSeCTION. 

Ii 12 13 

FIG. 25 ( right).— PRINCIPLE OF APERTURE SYNTHESIS. Two PAILS OF 
SMALL AERIALS IN THE POSITIONS SHOWN ARE EXACTLY EQUIVALENT. 

induced in the nth element of the array is (say), and the power P 
delivered to a receiver is: 

P a El eitb„ .  

oc E.I„z II„J„ cos (ç6. = 

If the N elements are all of the same size the first term is simply N 
times the power derived from a single element. The second term is the 
output obtained from a phase-switching receiver connected to the ele-
ments ta and n. A single measurement of the power induced in one 
element suitably combined with the outputs from a phase-switching 
receiver connected to a pair of elements arranged successively to cover 
all possible combinations of positions then gives a result exactly 
equivalent to the use of the whole aperture. Many of the combinations 
of positions are equivalent, so it is not necessary to repeat them. By 
performing the vector addition with suitable phase changes it is possible 
to produce the effect of swinging the synthesized beam. 

2300' 

(a) 

FIG. 26.— (a) PLAN OF THE 178 IWC/S RADIO STAR INTER-
FEROMETER EMPLOYING APERTURE SYNTHESIS (after Ryle, 

Nature, Vol. 180, 110, 1957). 
(b) EQUIVALENT APERTURE. 



RADIO ASTRONOMY 20-17 

ti 
1700 

3200' 
(a) 

600=-1. 

(b) 

610, 

27.—PLAN or 38 MC/S AERIAL PRODUCING .1° " PENCIL 
BEAM" BY APERTURE SYNTHESIS (after Ryle, Nature, Vol. 180, 

110, 1957). 

(b) EQUIVALENT APERTURE. 

The advantages of this technique are increased flexibility and 
economy, since the aerials are smaller than would otherwise be required. 
The time required to survey a given area of sky is of the same order of 
magnitude as that using the complete aperture, but the signal-to-noise 
ratio is, of course, worse. It is convenient to perform the vector 
additions by means of an electronic computer. 
The principle of aperture synthesis has been applied at Cambridge 

to the construction of an interferometer (Fig. 26) with a beam 25'arc x 
35'arc at 178 Mc/s, and an aerial (Fig. 27) giving a I -degree pencil beam 
at 38 Mc/s. This is equivalent to a paraboloidal reflector of diameter 
1,500 ft. 

Polarimeters 

Linear polarizations may, in principle, be detected by rotating an 
array about an axis directed towards the source and noting the varia-
tion of output." A more sensitive method is to use two mutually 
perpendicular dipoles at the focus of a paraboloidal reflector which are 
connected to a phase-switching receiver. Any plane-polarized radia-
tion incident on the aerial will, in general, give an output, whereas 
randomly polarized radiation gives none. The direction of polarization 
may be found by rotation of the dipole assembly. It should ho noted 
that spurious signals may be produced in this method by intense sources 
off the centre of the beam. 

Circularly polarized radiation may be detected by Leo mutually 
perpendicular dipoles with a quarter-wavelength of path between them, 
which are connected to a phase-switching receiver. 

Spectrometers for V.H.F. 

The bursts of radio radiation from the Sun have been found to have a 
limited band-width, the centre frequency of which varies with time. 
To investigate this phenomenon metre-wavelength spectrometers aro 
required. Fig. 28 illustrates a circuit that has been described by 
Goodman and Lebenbaum (Proc. I.R.E., Vol. 46, 132, 1958). Three 
such receivers are used to cover the range of frequencies from 90 to 
580 Mc/s three times a second. 
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Hydrogen-line Radiometer 

The requirement of hydrogen-line radiometers is the measurement of 
the intensity as a function of frequency in a band about 1 Mc/s wide 
centred on 3,421 Mc/s. The hydrogen may appear either in absorption 
or in emission, depending on its temperature compared with the bright-
ness temperature of the radiation from beyond the hydrogen (Kirchhoff's 
principle). The block-diagram of a suitable receiver that has been 
described by Lilley and McClain (Proc. I.R.E., Vol. 46, 221, 1958) is 
illustrated in Fig. 29. Two pass bands are arranged so that one having 
a width of 2 Mc/s is used as a reference against which to compare a 
second narrow band which is tuned across the hydrogen line. 

Observational Techniques 

(i) Measurement of Position. This depends, in general, on knowledge 
of the exact position of the aerial beam when the source is producing 
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a maximum output. Any collimation errors of the aerial may be 
determined by observation of intense sources whose positions are already 
known from optical studies. 
Tho right ascension of sources is often found from the time of transit 

across the meridian through the aerial. In the case of the twin-aerial 
interferometer in which the aerials are lined up in an East-West 
direction the periodicity, t, of the fluctuations of the output gives a 
measure of the declinadon 8 of the source in question by means of the 
relat ionship 

t = to sec 8 

where t0 is the periodicity for a source at declination 0°. This may be 
calculated from tho spacing of the aerials and the wavelength. 

(ii) Measurement of Flux Density and Brightness. This depends on: 
(a) knowledge of the effective area of the aerial which can be calculated 
in the case of horns or broadside arrays," and (b) calibration of the 
radiometer by means of a thermal load. 

(iii) Measurement of Brightness Distribution. This has already been 
considered in the section on interferometers and the phase-switching 
receiver. 

.1. R. S. 
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SPACE-PROBE COMMUNICATION PROBLEMS 

The radio signals to be received from a space probe are of very low 
power, and a telemetry system can function only if this signal exceeds 
the radio noise providing spurious signals in the receiver. Fig. 30 
shows how the desired .signal from a space probe, indicated by the 
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dotted line entering the recorder, competes with noise from galactic 
space, from atmospherics, man-made noise and that arising in the 
aerial and the first stage of the receiver. To communicate with a 
space probe, it is necessary to study these forms of noise, to assess their 
importance in any system and to decide what is the best working 
frequency. 

Galactic Noise 
If a directive aerial is turned towards the sky, then a random signal 

will be received, and this noise will be great in the direction of the sun 
and various " radio stars " which stand out from a general background 
of noise. This background, which cannot be assigned to specific point 
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FIG. 31.—DISTRIBUTION OF RADIO BRIGHTNESS. OVER THE 
SKY AT 100 Me/s. Galactic Co-ordinates. Observations cor-

rected for atrial smoothing. Unit 1000 degrees. 
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sources, is known as galactic noise. The distribution across the sky 
is • rather complex, and its amplitude decreases rapidly with increase 
of frequency. The distribution and amplitude have been studied in 
detail by H. C. KO.' Fig. 31 shows the distribution of galactic noise 
plotted in galactic co-ordinates, as measured by Bolton it Westfold.' 
From this it will be seen that the noise is greatest looking towards the 
centre of the galaxy, while in directions well away from the centre 
there are quiet galactic regions. The variation of galactic noise with 
frequency is shown in Fig. 32, where two curves based on data published 
by Ko indicate the approximate limits for noisy and quiet directions. 
These are drawn as straight lines, but towards the higher frequencies 
they are somewhat unreliable because there the galactic noise tends to 
be too small to measure accurately in the presence of other sources of 
noise. 

Atmospheric Noise 

Atmospheric noise arises from' lightning flashes and other electric 
discharges in the atmosphere. At low frequencies the " atmospherics " 
travel long distances around the earth trapped between the earth's 
surface and the ionosplarire. At higher frequencies the ionosphere 
does not reflect the atmospherics, and so the noise is not transmitted 
over great distances. Since, if signals from space are to enter the 
atmosphere, the system must operate at frequencies above ionospheric 
cut-off; then only atmospherics from local storms will be received, and 
provided that the ,receiver is sited well away from the tropic storm 
regions, atmospheric noise will be negligible. 

Man-made Noise 

This noise arises from sparking brushes in electrical machinery, from 
car ignition systems, and the malfunction of diathermy or other radio 

Proc. Vol. 48, N. 1 pp. 208-15 (January 1958). 
" Radio Astronomy ", Pawscy and Bracewell. 
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equipment. If a receiving site is chosen well away from centres of 
industry, the man-made noise will not be important compared with 
that from other sources. In order to reduce man-made noise to a 
minimum the site can be chosen in a secluded valley screened from 
outside interference by high hills. Such siting has been chosen in the 
past by radite astronomers. 

Aerial Noise 

Under this heading we consider the contributions to the noise input 
to the receiver due to current flow through thé resistance of the aerial 
and transmission line. At V.H.F. and U.H.F. this noise is so small 
compared with triode noise that it can be neglected. In the future, 
when micro-wave " maser" or parametric receivers are developed 
having noise temperatures very much lower than present-day triodes, 
this noise will probably be of importance. 

First-stage Noise 

At the present time, triodes give the lowest noise level, although it is 
likely that masers and other similar amplifiers will be developed having 
much lower noise levels. However, considering current practice, 
we must base our assessment on the performance of present-day triodes. 

It is usual to express a noise level as an equivalent noise temperature, 
T.. In the case of the first-stage noise this is the temperature at which 
a resistance R equal to the input resistance of the triode would develop 
a thermal noise equal to that of the first stage. In terms of V., the 
noise voltage developed across R, this noise is given by the equation 

4k T„R df   ( 1) 

in which k Boltzman's constant, 1.37 10-23 watt sec.i° C., and 

df = the frequency band-width of the receiver measured in cis. 

The variation of T„ with frequency for a good-quality triode is shown 
in Fig. 32, from which it will be seen that the noise levelincreases rapidly. 
with increase in frequency. 

It may be noted that the levels expressed as noise temperature are 
easily related to the " noise factors which are sometimes used to 
assess the performance of a first stage of a receiver. This is done by 
taking the noise power for T„ = 300° A. as unit noise power and 
expressing the noise power in terms of this, using a db scale; thus a 
noise factor of 3 db is equivalent to a noise temperature of 600° A. 

• 

Ground Aerials 

The performance of the receiving aerial depends,upon its effective 
area, and not on its gain. The larger the solid angle subtended by this 
area at the probe, the larger the fraction of the total transmitted power 
which will be collected. This fraction depends only upon the effective 
collecting area, and will be the same at any operating frequency. If 
the aerial is large and operating at the higher radio-frequencies, it will 
have a high gain and directivity. Because of this it will be necessary 
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to use steerable aerials; of these the type having a parabola reflector 
is most convenient. 
The limits on the effertive collecting area are mechanical in origin. 

Fire there is a limit to the size of parabola which can be turned easily. 
A dish of 20 m. diameter is its big as can bq handled without specially 
elaborate structures. One of 80 ni. diameter (as at Jodrell Bank) is about 
the largest that is mechanically practicable. For such parabolic reflector 
aerials the effective collecting area is normally about 60 per cent of 
the circular aperture However, for very short wavelengths, where 
the deviations of the reflecting surface from a true paraboloid may be 
significant fractions of a wavelength, the efficiency may fall much 
below 80 per cent. This accuracy of reflector shape, which may vary 
as the aerial axis changes in azimuth or elevation, provides an upper 
limit to the working frequency for very large aerial's. However, for 
a well-designed structure, this frequency limit is likely to be of the 
order of 1,000 Mcis or greater. It will therefore not be a determining 
factor in the choice of frequency .for a system employing a triode 
first stage, for which it will be seen from Fig. 32 that a frequency of 
about 200 Mcfs is optimum. On the other hand, the introduction of 
masers or other low-noise devices may at some future date result in 
thé use of microwave frequencies, in which case this limitation could 
be significant. 

Space-Probe Aerial 

If the space probe is free to tumble, having no axis stabilized in 
direction,, then its transmitting aerial must be designed so as to give 
as near an oranidirecticrnal cover as possible. This can be achieved 
reasonably well without a large aerial installation. Such a system is 
wasteful because the power generated in the probe at great expense is 
spread over all directions. If this could be concentrated in the direc-
tion of the earth the efficiency of the overall system would be improved 
greatly. The extent to which this concentration is practical depends 
upon the angular limit, 56, within which the direction of the axis can be 
controlled. Fig. 33 shows a section through the radiation pattern of a 
directional aerial giving a pencil beam. The points NI represent the 
directions at an angle O to the axis at which the power level is half that 
on the axis at P. At all points within the cone of half angle 0, the gain 
is at least half that at P, and so this half gain can be assured if the axis 
can be stabilized to an accuracy of ç --- O. (It may seem that to take 
Q at the half power level is rather arbitrary--however, as the level 

Ql -- 
MAX GAIN OP--- 

GAIN AT HALF POWER POINTS (00') 
00.,22 LL, 

AT IS EFFECTIVE, AREA IN sq.m 

33.—THE GAIN OF A 
PENCIL BEAN AERIAL. 
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falls off fairly rapidly near the half-power point, the value of 0 is not 
very much affected by the ratio chosen for 0Q(OP). 
The effective area A g and the gain G of the aerial are rélated to 0 

and the wavelength A by the approximate expressions 

A/02 = 640A2   (2) 

o 4 77 Ag   (3) 
Xz 

Fig, 34 shows the necessary effective area as a function of frequency 
for constant values of O. From the value of 0 specified for the space 
probe, Fig. 34 willgive the aerial area required at any frequency in order 
to take full advantage of the stabilization of the probe axis. If there 
is a limit to the permissible value of A/ for a given probe, the figure 
can be used in order to determine the minimum frequency at which 
the desired 0 can be achieved from this value of Ag. 
Because the weight of an aerial increases more rapidly than its area, 

Ag will be strictly limited, and in making the best,use of the total 
weight available for the space-borne radio installation any design 
based upon a large aerial and small transmitter would be improved 
by trading aerial gain for extra transmitter power. 

Choice of Optimum Frequency 

Based upon the above discussion, we can decide upon the optimum 
frequency for a space-probe telemetry system. From Fig. 32 it is noted 
that the operating frequency must be above about 50 Mc/s in order to 
be free from ionospheric effects, and below about 20,000 Mcis in order 
that there should be negligible atrriospheric absorption. 

Because the galactic and triode sources of noise are dominant we 
base our choice of frequency upon these sources alone. The two 
dotted curves show the total noise for quiet and noisy regions of the 
galaxy. Both of these curves have broad minima, that for quiet 
regions being about 200 Mc/s, while for noisy regions the minimum is 
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at about 300 Mc/s. If it is planned to send a probe far into space it 
•might be assumed that a quiet direction would be chosen, and therefore 
we take 200 Mc/s as the optimum frequency. In this case the perfor-
mance for a noisy direction would be very little worse than that to be 
expected at 300 Mc/s. 

It is interesting to note that the frequency chosen for tho Russian 
moon probe of 2 January 1959 was 188 Mc/s, which agrees well with 
the above conclusions. 
Where there is a limit to the size of aerial which can be carried by a 

probe with its axis closely stabilized, there may be an advantage in 
working at a. somewhat higher frequency than 200 Mc/s. This follows 
from Fig. 34. For instance, if the axis could be stabilized, to c/. = 3°, 
then to take full advantage of this stabilization we should have O ---- 3°. 
Now if the permissible aerial area were 10 sq. m., then this value of O 
could not be achieved at a frequency lower than 800 Mc/s. The question 
then arises whether the advantage to be gained by increasing the 
frequency in order to decrease O offsets the degradation due to the 
consequent increase of the total noise. The increase in received power 
due to the decrease in O and consequent improvement in aerial gain 
increases with the square of the frequency, while from Fig. 32 it is seen 
that the increase in noise power with frequency increases with approxi-
mately the first power of frequency. Hence the improvement in gain 
due to the increase in frequency outweighs the handicap of a higher 
poise temperature. 
In such a system, then, we should deduce a minimum value pf 

frequency from Fig. 34 using design data As and Q. The optimum 
frequency is then either this minimum or 200 Mc/s, whichever is the 
greater. 
In this analysis the variation of transmitter efficiency with frequency 

has not been considered. This variation would tend to favour lower 
frequencies, but as the effect is not great, this is not likely to be dominant 
in a system. For a given type of transmitter the weight can be made 
less the greater the frequency. In a system which is required to operate 
over long periods, the weight of the transmitter may be swamped by 
the weight of the power supplies, in which case electrical efficiency, may 
be more important than lightness. 

Predicted Performance of a Space Probe Telemetry System 

The results of this section are given in Table I. 

TABLE I.—CALCULATED PERFORMANCE FIGURES 

Moon Probe Mare Probe 

Range 
Probe aerial . 
Ground aerial . 
Frequency . . 
Transmitted power . 
Bandwidth . . 
Signal-to-noise voltage 
ratio . . 

400,000 km. 
Isotropic 
20 m. diameter dish 
200 Mc/s 
940 . 10-18 watt 
10 cis 

46: 1 

80,000,000 km. 
Power gain 25 
80 m. diameter dish 
200 Mc/s 
940. 10-" watt 
1 elf; 

46: 1 
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Consider now the performance to be expected from a space-probe 
telemetry system on 200 Mc/s using a 10-watt transmitter radiating 
equally in all directions. Suppose that this is in the lower region—say 
400,000 km. away, and,seen against a quiet region of the galaxy. 
The power flux at the gresind would be: 

P  10  
—  — 5 0. 10-16 watt/sq. 

4 e 74 4 e 4, 10 ,6  

where P is the transmitted power in watts and r the transmission 
distance in metres. If the receiving aerial were a parabolic dish of 
20 m. diameter and a 60 per cent area efficiency were assumed, its 
effective area would be 188 sq. m. This would give a received signal 
of 940. 10-18 watts, which fed into a 50-ohm receiver input would give 
a voltage of 

V, = 0.216. 10-6 volt 

We now determine the noise signal with which this must compete. 
From. Fig. 32 it is seen that the total noise temperature for a quiet 
negion at 200 Mc/s is about 800° A. If it is assumed that the system 
has a band-width of 10 c/s, thew from Equation ( I) the noise voltage: 

= 0.00468. 10-4 volt 

which would result in a signal-to-noise voltage ratio of 46: 1. Such 
a signal-to-noise ratio would be acceptable for many purposes. 

If now the space probe were in the region of Mars, at say 80,000,000 
km., then V. would be reduced by a factor of 200, and it would be 
swamped by noise. This factor of 200 could be made good by an 
increase in receiving-aerial area, by using a directive transmitting aerial, 
reducing the band-width or increasing the power. To increase the 
receiving dish to 80-m. diameter would give an increased voltage gain 
of only 4 and would represent about the limit of what could be done 
through modification of the receiving aerial. A directive transmitting 
aerial having a power gain of 25 would give a voltage gain of 5. This 
could be used only if the direction of the aerial could be held pointed 
towards the earth within limits of ± 7j. degrees. For a long-term 
transmission an increase of power to 100 watts would be about the 
limit. If these three changes were made and the band-width .decreased 
from 10 to 1 c/a, the 200: 1 voltage factor would be made good. It may 
be doubted whether or not all this effort would be justified for a 1-c/s 
band-width. If the probe were travelling through space, the para-
meters to be telemetered would vary so slowly that this narrinv band-
width would suffice. However, were it desired to send any information 
as detailed as a television picture of the surface of Mars, the band-width 
would be inconveniently small. In such circumstances it would be 
much better if the probe were to move in a trajectory which would 
return to regions near to the earth, so that data recorded on tape in thé . 
region of Mars could be telemetered by radio when the probe approached 
the earth. The establishment of such an orbit would present difficulties 
to the engineers responsible for the rocket-control system, but such 
difficulties could in principle be overcome, while the radio engineer's 
en nny—the inverse square law—is invincible. 
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BROADCAST—RECEIVING AERIALS 

Advances in broadcast—receiving aerial design over the past three 
decades have not been spectacular, and because of the high sensitivity 
of modern receivers and the high field strength prevailing in many areas 
from B.B.C. transmitters, the importance of an effective aerial is 
frequently overlooked. 
The principal benefits to be expected from a properly engineered aerial 

installation are: 

(1) improved signal-to-noise ratio; 
(2) reduced local electrical interference; 
(3) increased sensitivity (better distant station reception on all 

wavelengths) ; 
(4) greater freedom from the effects of night-fading on distant 

stations. 

Before discussing in detail the properties and applications of different 
types of broadcast receiving aerials, it will be helpful to review some of 
the fundamental principles on which they depend. 

Aerial System Fundamentals 

A radio receiving aerial is essentially an electrical conductor exposed 
to the field created in the vicinity of a receiver by energy radiated from 
a distant transmitter as an electromagnetic wave. 

Electric currents, oscillating at the frequency of the incident wave, 
are induced in the surface of the aerial conductor, and are taken to the 
receiver either through feeder conductors or by an extension of the aerial 

'itself. 
The input circuits of the receiver are energized by minute high-

frequency alternating currents flowing in the conductors which connect 
them te the aerial, and which set up amplified oscillations in resonant 
circuits which are tuned to the required incoming signal frequency. 

It is frequently possible to produce an output signal from a broadcast 
receiver even when no aerial is connected to its input circuits. 

If this occurs it indicates that some of the tunel circuits in the receiver 
are being influenced directly by the electromagnetic-wave field, either 
because they are not effectively screened or because there is stray 
coupling between the reactive components of these circuits and other 
unscreened sections of the receiver or its supply leads. 
A properly screened, filtered receiver is not affected by field radiation, 

nor by signal or noise potentials in its supply or output leads, and no 
trace of a signal will be found when the aerial is disconnected and the 
input socket is shielded. 

If now, a few inches of wire be attached to its aerial socket, sufficient 
e.m.f. will be developed in it, in the presence of a strong electromagnetic 
field, to produce an output signal of programme value, if the receiver is 

21-2 



RECEIVING AERIALS 21-3 

reasonably sensitive; this should not be regarded as an indication that 
nothing more elaborate, in the form of an aerial, need be provided. 

Effective Height 
The field strength of an electromagnetic wave is diminished by absorp-

tion in the walls of buildings in metal-framed structures and by the 
presé'nce of electric wiring, plumbing, etc.' and is consequently lower 
in the immediate vicinity of a receiver than in the space above, and 
surrounding, the building. It is therefore advantageous to raise 
the aerial conductor above the level of local absorbing media and to 
support it in unobstructed space where the radiated field strength is 
higher, and where the fields set up by local electrical interference sources 
are correspondingly weaker. 

FIG. L.—VERTICAL RESPONSE PATTERN OP A SHORT 
VERTICAL AERIAL, LOWER END NEAR EARTH. 

There is a more cogent reason for raising the height of an aerial 
where reception of medium- and long-wave broadcasts is required; at 
these wavelengths (200-2,000 metres) a good receiving aerial may be 
only from 04 to 0-01 wavelengths long, and rather less than this in 
height, and must be regarded as being, electrically, very short and very 

near to the ground. 
In these circumstances a horizontal aerial arranged for the reception 

of horizontally-pglarized waves would develop an extremely small 
terminal potential in the wave field, because the currents induced in the 
conductor by the direct wave will be almost completely cancelled by 
induced currents set up by the ground-reflected wave, which undergoes 
a 180° change of phase at the point of reflection. 

Vertically polarized waves are reflected from the ground without 
change of phase, and because of this, a vertical aerial will radiate or 
intercept a horizontally directed surface wave even when the conductor 
is electrically very short and the lower end is near to the ground (see 
Fig. 1). Practically all medium- and long-wave aerials are constructed 
on this principle, and consist essentially of one or more vertical con-
ducting elements, insulated at their lower ends and connected to a 
, feeder system at that point. 

The defined plane of polarization of an electromagnetic wave is that 
which lies in the direction of the electric vector associated with the wave; 
in a Vansmitting aerial this corresponds to the direction of the major 

current-carrying elements. 
A receiving-aerial element will develop the maximum induced e.m.f. 

when its length is in the plane of the electric vector, and the smallest 
potentials will be induced in conductors which are at right angles to this 

direction. 
A vertically polarized wave will produce the greatest response in the 

vertical or near vertical parts of an aerial, and the horizontal parts will 
contribute little to the direct signal pick-up. 
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Aerial-Earth Systems 

Short vertical aerials with their lower ends at, or near ground level, 
behave to wards the incoming wave as though a reflected extension to the 
aerial existed in the ground beneath the aerial. Connecting the input 
circuits of the receiver between the lower end of the aerial and an earth 
plate buried in the ground will allow the aerial-earth system to develop 
the greatest signal potential. 

It is important to recognize that in such an aerial-earth system the 
earth corresponds to the " other half" of a centre-terminated doublet 
or short aerial. If the earth connection is omitted, the aerial can only 
function through the effect of the capacitance between , the receiver 
chassis and the ground; and this, being relatively small, will offer an 
appreciable reactive impedance to the flcw of signal-frequency currents. 
It will thus be less effective than if a low impedance, -direct return were 
used. 

It will be seen that the receiver is virtually connected to the centre of 
a short aerial in all vertical aerial-earth systems and therefore at a point 
of low impedance. It is necessary to keep not only the reactance but 
also the resistance of the earth lead and earth plate to the lowest possible 
value to avoid loss of signal. Short direct connection to a cold-water 
pipe is generally effective, if it can be made near to the point where the 
pipe enters the ground. Hot-water-system piping and electric wiring 
earth returns are less effective, and are to be avoided. 

If a water pipe cannot be used, a copper earth rod or plate driven deeply 
into ground which can be kept reasonably moist, will prove to be very 
satisfactory. Further information on this subject is given later in this 
section under " Earthing ". 

Vertical Rod Aerials 

The most effective use of the principles outlined above may be obtained 
by cbmbining a rigid or semi-rigid vertical aerial element mounted on 
the top of a mast or attached to a chimney or to some convenient high 
point, with an external insulated wire downlead which forms an electrical 
extension to the aerial and should be taken directly to the receiver. 
A typical installation of this type is the rod type. Such an aerial 

may consist of sections of taper-jointed high-tensile light-alloy tubing 
supported in resilient insulators on a steel angle bracket adapted to 
chimney corner mounting. The vertical height of the aerial is 18 ft., 
and, as normally installed, its top section will be approximately 50 ft. 
above ground, giving an effective height only slightly less than half this 
figure. 
This type of aerial will not only give excellent results within the 

recognized service ems of medium- and long-wave broadcast stations, 
but will perform very satisfactorily at much greater distances, where 
signal fading from ionospheric reflections may be expected at night. 
Its merit lies in the fact that its response is greatest in the horizontal 
¡dame, and is a minimum in the vertical plane (see Fig. 1); in this way, 
a vertical aerial discriminates against the high-angle reflected signals 
which give rise to fading, and responds most effectively to the low-angle, 
near horizontal, signals propagated by the surface wave, and which are 
responsible for non-fading reception in the extended service area. 
Even at greater distances (from 200 miles upwards) where normal, 
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FIG. 2.—INVERTED-L AERIAL. THE HEIGHT IS IMPORTANT, BUT THE DIRECTION 
AND LENGTH OT THE TOP ARE NOT CRITICAL. AERIAL IS DIRECTIONAL Tr L 

IS LESS THAN 0.3 A. 

reception is by the indirect or reflected wave, the low-angle properties 
of the vertical aerial help to minimize fading by rejection of high-angle 
multi-path signals which give rise to rapid fluctuations in strength. 

Vertical aerials, although particularly useful for medium- and long 
wave reception, are also quite. effective on short waves; although the 
poor high-angle response may reduce the strength of European broad-
casts, these are normally very powerful transmissions and need relatively 
little assistance from the aerial, while the consistent, low-angle per. 
formance is helpful in receiving long-distance transmissions from all 
directions. 

Inverted" L" Aerials 

The inverted-L aerial, Fig. 2, is probably the most widely used of all 
types. It consists essentially of a horizontal length of wire, insulated at 
both ends and continued downwards at the end nearer the receiver, and 
taken as near vertically as possible to the aerial socket on the receiver. 
The aerial should be erected as high as possible, and may be anything 
from 30 to 150 ft. in length. 
On medium and long waves the effective or signal responsive part of 

the aerial is the vertical downlead. The function of the horizontal 
part of the aerial is to add capacitive reactance to the top of the vertical 
section, which increases its electrical length and also raises the electrical 
impedance at the terminals of the aerial. Since the normal impedance 
of the aerial is extremely low, the losses arising from the radio-frequency 
resistance of the aerial conduetors represent a very large proportion of 
the energy collected by the aerial, and the improvement elected by 
'raising its characteristic impedance, together with the increase in 
effec.ive height, is appreciable. 
The top of an inverted-L aerial, while quite unresponsive to the 

vertically-polarized surface wave from a transmitter, is affected by 
downward reflected radiation from the ionosphere, and this will increase 
the amount of signal-fading at medium distances (50-500 miles) during 
the hours of darkness. 

Vertical aerials are not subject to this phenomenon, and will in general 
be superior unless the height of the inverted L can be raised to equal that 
of the top of Pie vertical element. 
The inverted-L aerial will give a satisfactory performance on snort 

wavebands, 'but may exhibit resonances which reduce the strength of 
signals in certain directions, particularly off the ends of the horizontal 
section. Directivity will change with frequency, and will also depend 
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on the total length of the aerial and ou the ratio of top length to down-
lead; and will be very difficult to predict with accuracy. 
On medium and long waves the aerial is non-directional with respect 

to the downlead, and it is quite immaterial which way the top section 
is rim in relation to the direction of the transmitter. 

Loop Aerials 

The vertical loop or frame aerial has its principal application in 
portable receivers, where an external aerial is an unwanted auxiliary 
(although provision is frequently made for the addition of one where the 
receiver is used in a fixed location). In this application the loop usually 
takes the place of the first tuned circuit in the receiver, and is resonated 
to the desired frequency by the normal tuning controls. 
The efficiency of a loop aerial is controlled by its dimensions, increas-

ing with its effective diameter; in consequence the small loop accom-
modated within the cabinet of a typical portable receiver is a poor 
collector of signal energy. Furthermore, it is invariably worsened by 
the close proximity of the metal chassis and loudspeaker. 
A loop of substantial dimensions and mounted externally to the 

receiver may in some situations—for example, where outdoor aerials 
are impossible to erect—provide better . reception than the more 
commonly used " wire round the picture rail ". 

Its advantages lie in its ability to discriminate against local electrical 
interference and the fact that it is bi-directional, with sharp minima or 
'lulls on either side of the plane of the loop. To be effective in reducing 
interference, the loop must be balanced to earth, i.e., its electrical mid-
point is earthed and its terminals coupled symmetrically to a second 
tuned circuit which is connected to the input valve in the receiver. 
This is difficult to achieve except by screening the loop, although un-
screened loops have been used for long-wave reception with some 
success. A balanced or screened loop (Fig. 3) responds only to the 
horizontal magnetic component of a radiation field and similarly to the 
magnetic component only in the induction field surrounding an inter-
ference source. Since the energy in the magnetic component of an 
induction field attenuates in proportion to the square of its distance 
from source, compared with the electrostatic field, which diminishes as 
the third power of distance, the loop is better able to separate local 
interference from the desired sismal-radiation field (in which both 
electric and magnetic components obey an inverse distance law of 
attenuation and are consequently equal in value at all points). 
The magnitudes of the induction and radiation fields are equal at a 

distance of /(2,r) from the source of radiation. In this formula both 
the wavelength (X) and the distance are measured in metres. At a 
distance of 16 wavelengths the magnitude of the induction field has 
dropped to 1 per cent of the value of the radiation field at the same 
point. It is apparent from these relationships that the induction fields 
predominate at short distances from a radiating source, but are negligible 
at great distances. 
A screen for a loop aerial snould completely surround the loop 

conductors, radially, but should not form a complete circuit in the loop 
plane. A tubular screen should have a break in its circumference at the 
top or bottom (but, not at the sides) in order to preserve symmetry of 
response to interference and to balance out any stray signal transfer to 
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GAP IN TUBULAR SCREEN NON-METALLIC SUPPORT FRAME 

TWIN CABLES 
TO RECEIVER 

INPUT CIRCUIT 

 Pr_ 

OF RECEIVER 
FIG. 3.—LOOP AERIAL. LENGTH L SHOULD BE LAROE, AT LEAST 24 IN. 

FOR EFFECTIVE INTERFERENCE DISCRIMINATION. 

the loop windings. The adjacent ende should be separated by as short 
a distance as possible to preserve the maximum coefficient of screening. 
A vertical loop aerial is not responsive to horizontally polarized 

radiation fields but, unlike the linear vertical aerial, it is equally respon-
sive to energy arriving from all angles in the vertical plane. Because 
of this, a loop will receive signals arriving from reflected waves at all 
angles. At night this effect will give rise to fading to a much greater 
extent than with the aerials previously described. 

Noise-reducing Aerial Systems 

In this context noise is considered to be any random periodic electrical 
disturbance which is transmitted to the receiver input terminals together 
with the desired programme signal, to be amplified, detected and repro-
duced as an audible phenomenon which interferes with the quality and 
intelligibility of the transmission. 
In the absence of a connected aeriat, a sensitive receiver at full 

gain will develop a smooth continuous noise in the form of a hiss which 
is generated by the discrete random motion of electrons in the input 
circuits and in the cathode electron stream of the first thermionic vi4ve 
in the equipment. At frequencies below 30 Mc/s the amplitude of this 
noise is normally below the atmospheric and cosmic noise levels set up 
by external radiation of a similar random character, which is intercepted 
by the aerial and passed on to the receiver. 
Cosmic noise is of extra-galactic origin: its precise source is still 

uncertain, and it predominates in the 15-30-Mc/s spectrum. Below 
this frequency, atmospheric noise is the major source and arises from 
natural lightning discharges associated with thunderstorms, the effects 
of which are propagated for distances of many thousands of miles from 
their source. 
There have been many attempts to devise aerial systems which will 

reduce the effects of atmospheric disturbances; the only effective 
arrangements are those employing widely spaced serials which will 
respond differently to the relatively local desired signal, but which 
respond equally to the more distant interference. By careful phasing in 
the receiver, the noise component can be reduced and the desired signal 
separated, but the arrays are too complex and require too much space 
for domestic use. 
Another major source of electrical noise is to be found in domestic 

and industrial electrical equipment in use in the vicinity of the receiver. 
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Fie. 4.—Art AERIAL INSTALLA-
TION DESIGNED TO REDUCE 

NOISE. 
TAPERED SECTION 
ROD AERIAL 

INSULATED 
SUPPORT 

AERIAL litANSFORtvIER 

SCREENED 
DOWNLEAD 

This " man-made static" inter-
feres very seriously with radio 
reception in heavily built-up 
areas. Indoor receiving aerials 
and the downloads of external 
aerials must pass into this 
noiso belt, and will pick up 
energy from the induction and 
radiation fields surrounding 
the interference sources. 

Screened Feeders 

The effects can be very 
largely reduced by using 
screened and balanced down-
leads from aerials which aro 
mounted sufficiently high to be 
above the more intense fields 
found inside the building. The 
screen of the download is 

RECEIVER earthed to prevent the trans-
TRANSFORMER mission of signals or inter-

ference to the inner conduc-
tors, allowing these to pass the 

INSULATED aerial signal, unaffected by 
RECEIVER EARTH LEAD interference, to the receiver. 

Both co-axial and screened 
twin downloads have been 
employed in aerials of this 
type, but the latter are to be 

EARTH ROD preferred, since they permit a 
molt complete separation of 

signal and screening circuits, especially on medium and long waves, 
where the function of the aerial depends upon its ground connection. 

Matching Transformer Systems 
A typical installation is illustrated in Fig. 4, with the corresponding 

circuit arrangement shown in Fig. 6. At low frequencies signals are 
normally picked up by that portion of the download screen which is 
between the earth-connecting point and the aerial: the remainder of 
the download, which is normally within the building, is responsive 
neither to signals nor to interference. The aerial in this example is a 
vertical rod mounted as previously described. It is connected at its 
lower end to tlic twin conductors of a screened download through an 
impedance-matching, balanced transformer, which must be electrically 
screened. This is usaàlly effected by enclosing it in a metallic weather-
proof housing, connected either to the aerial element or to the aerial 
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AERIAL 
TRANSFORMER 

SCREENED I RECEIVER 
DOWNLEAD TRANSFORMER 

(a) 

AERIAL LEAD 

DOWNLEAD 

AERIAL TRAN3FORMER 
HOUSING CONNECTED TO 
BRACKET (TO POINT B) 

(c) 

SCREENED TWIN 
DOWNLEAD 

 I 

(e) 

AERIAL TRANSFORMER 
HOUSING CONNECTED 
DIRECTLY TO AERIAL 
(TO Pale A) 

SEPARATE 
EARTH IF 
USED.. 

(b) 
DOWNLEAD 

NO CONNECTION TO SCREEN 
AT THIS POINT 

SEPARATE EARTH LEAD KEPT 
OUTSIDE FIELD OF INTERFERENCE 

AND SEPARATELY EARTHED 

(d) 

FIG. 5.—DETAILS 07 NOISE 
REDUCING AERIAL SYSTEMS. 

(a) Basic circuit. (b) Trans-
former housing at aerial potential. 
(c) blousing connected to aerial 
bracket. (d) Separate earth lead. 
(e) Use of balanced centre tap in 
situations where the earth lead 
cannot be remo .I from the inter-
ference Ir.a.d. 

support bracket. In the first instance (Fig. 5 (b)) the transformer 

housing will be at aerial potential, but, since there can be no electrical 
charge within a closed metal surface, the transformer circuits aro still 
effectively screened from the wave field. If the housing is attached to 

the aerial bracket (Fig. 5 (c)) (which is insulated from the aerial), it, is 
connected to the braided screen of the downlead and continues directly 

to earth. 
The sensitivity of a vertical aerial used in this way for reception of 
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medium- and long-wave signals is not significantly reduced, except by 
the losses introduced in the windings of the transformer, and in the 
downlead conductors, and these are very small at the frequencies in 
question (< 2 db). 
The screen of the downlead in this type of aerial is responsive to 

signals in its upper section, since it forms part of the aerial-earth 
interceptor; because of this action the reduction in interference level 
may prove to be inadequate in some locations, e.g., in multi-storey 
flats where electrical noise may be created at quite high levels (both 
•structurally and intensively). If the upper part of the downlead can-
not be removed from the interference field, the screen should be dis-
connected from the aerial transformer cirCuit and a separate earth lead 
brought down by a route which avoids the interference field (Fig. 5 (d)). 
The screen should remain earthed at its lower end, and will now act 
solely as a screen, not being part of the aerial and not therefore carrying 
any signal energy. The sensitivity of the aerial will remain unchanged 
by this modification. • 

In situations where it is impracticable to remove the downlead or 
earth return from the interference field,. the circuit may be completed 
-through the twin conductors connected to the impedance-matching 
aerial transformer, either by a balanced centre tap, as shown in Fig. 5 (e) 
or by direct connection to one limb of the circuit. The screen of the 
downlead is isolated at the aerial transformer as in the previous example. 
This system will ensure freedom from interference, but the sensitivity 
will fall because the whole of the lower section of the downlead aerial 
return is screened, not only from interference, but also from the signal 
field. Since the most effective part of the aerial is the upper vertical 
element, the losa introduced by the screened lower section will not 
generally be greater than 3-4 db, while the reduction in extraneous noise 
may considerably exceed this figure, giving a significant overall 
improvement. 

Various transformer downleaa systems have been proposed using 
unscreened twin feeders, which rely upon the maintenance of accurately 
balanced currents in each conductor to minimize interference; they 
are not effective at normal broadcast frequencies, where unbalanced 
signal currents must flow to earth through the downlead, and corre-
spondingly, an interference field will set up similar currents which will 
be transmitted to the balanced circuit, and thence to the receiver. It 
is also very difficult to maintain such a system in a state of balance 
without resort to screening. 
The performance of noise-reducing aerial systems is usually main-

tained throughout the short-wave spectrum, although some variation 
in response will occur in the impedance-matching transformer system, 
as a result of the wide changes in aerial impedance which arise as the 
received frequencies approach the fundamental or one of the harmonic 
resonant frequencies of the aerial and downlead. 
By careful attention to design, the transformers may be constructed 

to have a comparatively uniform response over the range 150 licis to 
20 Mc/s. For this purpose they are usually wound in sections arranged 
so that their distributed inductances are appropriately coupled to their 
corresponding secondary winding sections, in such a way that the self-
• capacitance of the low-frequency windings acts as a by-pass to high-
frequency signals, these being effectively applied to the low-inductance 
sections in series with them. 
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Short-wave Aerials 

Short-wave broadcasting takes place throughout the world, mainly 
on frequencies in the 6-, 7-, 9-, 12 , 15-, 17- and 21-Mc/s bands. Recep-
tion of programmes from all continents is readily possible at differel,t 
hours of the day, depending on ionospheric and sun-spot cycle 
conditions. 

Although the previously discussed vertical-rod and long-w.re ae.ials 
will receive signals on high frequencies, it becomes possible to construct 
more effective arrays specifically designed for short-wave reception and 
of reasonable dimensions for domestic installations. 

Short-wave aerials may he raised to a height of between a quarter-
and half-wavelength, and can easily be made to ho a half-wave in 
length at any of the commonly used frequencies. 
The velocity of propagation of electromagnetic radiation in air is 

approximately 2.:)97 x 101° cm./second, which corresponds to 11,800. 
inches/microsecond. The relationship between frequency and half. 
wavelength is thereforo: 

A 5900 491.6  
. — 2 — f (MO in ) f 31c /9) ft. 

and at 10 Mc/s is equal to 590 in. or approximately 50 ft. 

Half-wave Dipoles 

An aerial conductor insulated at its ends will exhibit a resonance 
when its electrical length is exactly one half-wavelength. In this 
condition an incoming electromagnetic wave will induce currents which 
set up standing waves of current and voltage, by successive reflections 
from the insulated ends of the conductor, as the induced oscillating 
currents travel along it. The distribution of current is a maximum at 
the centre of the conductor length and zero at its ends, where reflection 
occurs; correspondingly, the voltage is a minimum at the centre and 
rises to a maximum at the ends of the conductor. 

Such a conductor is known Ay a half-wave dipole, and since it is 
(broadly) tuned to a specific frequency at which its responso is a maxi-
mum, it forms a basis for most high-frequency transmitting and receiving 
aerial systems. 
The physical length is slightly lower than the electrical length because 

of end effects, in particular the concentration of fie!,... at the high 
potential points of the aerial. A convenient formula for calculating 

5705 the resonant length of a half-wave dipole isf (mom in.; this is applicable 

to all wire aerials having a ratio of length/diameter exceeding 1,000/1. 
The centre impedance of a half-wave dipole in free space is 73.12 ohms, 

and if the conductors are separated by a short distance at their centre, 
an impedance of this value is developed across them. A downlead 
of 70-75 ohms characteristic impedance, e.g., flat twin or co-axial cable, 
may be connected to the aerial at its open centre to effect a maximum 
transfer of energy from it (Fig. 6 (a)). 

Conversely, the impedance at the ends of the dipole is very high, 
being approximately 3,000 ohms. It is impracticable to match this 
value to a non-resonant line but a coupling can be effected by using a 
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1-e 0 48 X-

INSULATING 
SPACERS 

INSULATORS 

72 ohm DOWNLF_AD, 
(TWIN OR COAXIAL) 

TO RECEIVER 

(a) 

— O48 X---1,1 

HALF WAVE END 
FEED AERIAL WITH 
RESONANT LINE 
FEEDER 

—A XOR ODD 
MULTIPLE OF 711-, X 

/ SPACING NOT 
CRITICAL I- — 6" 2 

TO, RECEIVER 

(b) 
FIG. 6.—HORIZONTAL HALF-WAVE DIPOLE WITH SUITABLE MATCHING. 

resonant quarter-wave section preferably of open-wire parallel line 
construction (Fig. 6 (6)) which transforms the high terminal impedance 
to a low value suitable for circuit coupling. 

This arrangement is selectively tuned to the frequencies at which the 
line is a quarter-wave long or an odd multiple of this length, and so has 
greater application to transmission than reception. 

Folded Dipoles 

A centre-fed dipole with its non-resonant, low-impedance balanced 
feeder is better suited for wide-band short-wave reception; a modified 
form of construction known as a folded dipole posseiises the same 
radiation properties, but has an increased band-width both at funda-
mental and harmonic frequencies, and presents a more uniform centre 
impedance at these frequencies. In this arrangement the aerial proper 
comprises two parallel conductors, okwhich one only is broken at its 
centre to connect to the downlead (Fig. 7). Since only half the total 
aerial current is sampled by the downlead, and since the power extracted 
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(a) 

(c) 

(e) 

(b) 

(d) 

FIG. 8.—POLAlt DIAGRAMS. 
Vertical pattern of horizontal 

dipole: (a) 0.1 A above ground ; 
(b) 0.25 A above ground ; ( c) 0.5 A 
above ground: (d) 0.75 A above 
ground; and (e) 1.0 A above ground. 

from tho aerial is the same as in the single ease, the centre impedance is 
multiplied by four, and so is approximately 300 ohms, if the aerial 
conductors are of the sanie size. Such an aerial, for short-wave recep-
tion, is very conveniently made from polythene-insulated ribbon feeder 
having a characteristic impedance of 300 ohms. A length of this ribbon 
is short-citeuited at each end, and at the centre is tee-ed into a download 
of similar cable which, being non-resonant, may be as long or short as 
required The ends of the folded-dipole should be insulated, since, as 
with the single dipole, they aro at maximum potential. 

Angle of Radiation and Reception 

Unlike medium- and long-wave broadcasting, short-wave trans-
missions are generally horizontally-polarized and aro propagated in 
quite a different way from the lower frequencies. Surface waves are 
rapidly attenuated, and most received short-wave signals originate in 
space waves radiated from the transmitting aerials at various angles to 
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the horizontal (Fig. 8), and returned to earth by refraction and reflection 
from the ionosphere. 
As the height of a horizontal aerial is increased, the amount of energy 

radiated or received by it at low angles of elevation increases steadily 
(see Fig. 8 (a)—(d)) and at short-wave lengths the normal height of the. 
aerial is sufficient to ensure that incoming energy at angles greater than 
20' w:th the horizontal will be intercepted by the first major lobe of the 
response pattern. 

Successful long-distance short-wave broadcasting depends on the 
degree to which the radiated energy can be directed, both in the hori-
zontal and vertical planes, into narrow-angle beams. These pencils of 
radiation not only ensure that energy is directed to those parts of the 
world where receiving condition :if are likely to be favourable, but also, 
by reducing stray high-angle radiation, prevent destructive phase 
interference from multi-path reflected signals. Signals radiated at 
different angles and travelling by different pat' .s to the receiver would 
cause severe signal fading. The required directivity can best be 
achieved with horizontally polarized arrays. 

Horizontal dipoles, as used for short-wave reception, have a good 
low-angle response, but this is a variable factor, depending on the height 
of the aerial in quarter-wavelengths above the ground (see Fig. 8). 

High-angle response is also generally good, and this is of value in 
receiving short distance (up to 2,000 miles) transmissions. 
A horizontal dipole has horizontal directivity, which is a minimum 

off the ends of the element and a maximum at right angles to its length. 
This directivity does not invariably produce a marked effect in 

response to short-wave signals because these signals do not all arrive 
horizontally; at increasing vertical angles the aerial will pick up signals 
off the ends as effectively as from other directions, and, for this reason, it 
is only necessary to consider the best direction for receiving long-
distance transmissions in siting the aerial. 

It is not usually of advantage to make short-wave receiving aerials 
highly directional; combinations of dipoles at selected spacings and 
appropriately phased will perform as designed only at specific fre-
quencies, and are not suitable for general coverage. For similar reasons 

4 X ROD INSULATED 'T BASE 

INSULATORS 

-?WIRE GROUND PLANE 4 
ELEMENTS, CONTINUED AS 

GUY WIRES 

FIG. 9.—VERTICAL GROUND PLANE SHORT-WAVE AERIAL. 
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10.—LENGTH OF DIPOLE 
AND REFLECTOR ELEMENTS 
FOR USE IN BAND II, 87.5--

100 Mc/a. 
D   

d 

1 
50-70 ohms. 
TWIN OR COAXIAL 
DOWNLEAD TO 
RECEIVER 

Diameter of 
tubing (in.) 

Dipole length Reflector length 
D (in.) R (in.) 

Spacing 
S (in.) 

5270  
(Mc/s) 

5400  
F (Mc/s) 

5453  
F (Mc/s) 

5888  
F (Mc/s) 

5783 
F (Mcis 

5902 
F (Mc/i) 

1770 
F ( Mc/s) 

parasitic arrays incorporating reflectors are of little practical value, 
except in isolated situations where stations in a single frequency band 
from one direction only are to be received. Details of such aerials will 
be found in standard works on transmitting-aerial design. 

Ground-plane Aerials 

A very effective aerial for general short-wave coverage is the vertical 
ground-plane (Fig. 9). This consists of a vertical rod, insulated at its 
base and cut to be a quarter-wave long at whatever is to be the preferred 
centre frequency. Radiating from its base at equal angles, and as 
nearly horizontal as possible, are four connected wires, each a quarter. 
wave in length and insulated from the vertical element. The vertical 
element and the four " ground plane" radials are taken to the inner 
conductor and screening, respectively, of a 50-70 ohm co-axial down-
lead, which may be of any length. The base of the aerial should be as 
high as possible, and the construction lends itself well to chimney 
mounting. In this case the radial wires may be taken downwards 
at an angle of about 45°, if necessary, and may serve as guy wires by 
including low-capacitance insulators at the quarter-wave points. 

V..H.F. Aerials 

The introduction of frequency-modulated V.H.F. broadcasting has 
stimulated interest in aerials suitable for reception in the frequency 
range 87.5-100 Mo/s. 

In general, simple horizontal dipoles constructed from high-tensile, 
light-alloy tubing are sufficient, and where necessary, these may be 
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supplemented by a reflector element. The electrical length of a dipole 
at these frequencies is reduced by a larger factor than that given in an 
earlier section because of the decrease in the length/diameter ratio. 
Formule for the calculation of dipole and reflector-element lengths are 
given in Fig. 10. 

Car Aerials 

It is difficult to mount an efficient low-frequency aerial on the body 
of a car, and, in practice, some compromfse must be made between 
performance, mechanical stability and appearance. 
The roof-mounting typo is usually spring loaded to avoid damage 

from obstructions, and may be adjustable in angle or in lateral position 
from within the vehicle. Although the roof of a car is the most 
effective site for an aerial, being least subject to body screening, there 
are severo limitations in height which make it impossible to take full 
advantage of this exposed position.. Telescopic elements are frequently 
used to increase efficiency without erecting a permanent obstruction 
hazard. 
A rear-mounting aerial is less conveniently placed as regards screen-

ing, but. may be increased in height to overcome this limitation. Its 
position at the rear of the car helps to minimize engine interference, but 
this advantage is partly offset by the need for a long feeder to the 
receiver, which is usually mounted at the front. 
The performance of this typo of aerial may be greatly improved by 

inductance loading at its base, but, mainly for economic reasons, this 
is rarely included in commercially manufactured aerials. 
With the advent of modern wide-valla 7ed front panels, a retractable 

multi-section telescopic aerial has become increasingly popular, and is 
today the most effective car aerial for all weArebands. A typical model 
of this type extends to 8 ft., and when retracted projects less than 
14 in. from the surface of the car. Tho aerial housing, beneath the 
car panel, is an electrical screen for the aerial and its feeder connections, 
and despite the close proximity' of the engine, ignition and other 
electrical interference is kept very low. 
An aerial type which has had some applications where no projecting 

elements can be allowed is the under-car aerial. This type of aerial 
is not well placed for optimum reception, but the screening of the 
car body is not complete enough to prevent signal pick-up, and in 
dry weather good results aro obtainable. Wet road surfaces inevitably 
reduce its efficiency, which must be made up by increased sensitivity 
in the receiver, and the aerial also suffers from interference produced 
by the generation of electric charges in the tyres, and other moving 
parts, which are electrically near. 

Car aerials must be connected to their receivers through screened 
feeders, and since the lengths are generally short, it is practicable to 
use a low-loss, low-capacitance co-axial cable for this purpose. 

Suppression of electrical interference from ignition systems, wind-
ecreen wipers. generators and the like is essential for satisfactory car 
radio working. This subject is ' cussed in Section 33, " Electrical • 
.Interference . 

P. J. 
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TELEVISION RECEIVER AERIALS 

The requirements of an aerial system for television reception are 
considerably moro exacting than those for normal broadcasting purposes. 

(1) the lower power, and correspondingly lower field-strength of 
television stations; 

(2) the greater band-width required, and consequent lower uain 
per stage ill the receiver; 

(3) the igher circuit and insulation losses, and greater valve 
noise on V.H.F.; 

(4) the greater susceptibility of V.H.F. signals to electrical awl 
ignition interference; 

(5) the necessity to avoid receiving transmissions by multiple 
paths in order to reduce " ghost " images; 

(6) the greater Éusheptibility of the eye, as compared with the 
ear, to interference and signal variations. 

On the other hand, it should be recognized that the use of a directional 
aerial system, tuned for optimum pick-up on a limited range of fre-
quencies, and coupled to the receiver by a matched transmission line, 
represents basically a much more efficient type of arrangement than 
is customarily employed for broadcast reception. 
The choice of an aerial and transmission line for any particular 

installation will depend upon the distance from the transmitter; 
its height and freedom from screening; the level, of local interference; 
the length of feeder cable necessary; the sensitivity and input 
impedance of the receiver; and any restrictions imposed by the land-
lord or local authorities. It should be emphasized, however, that when 
planning an installation it is better to provide too much rather than too 
little signal input; for while it is a simple matter to incorporate an 
attenuator pad in the feeder to reduce an excessive signal, the raising 
of the signal level by even a few decibels may require the complete 
re-planning of the installation. Unlike valve amplification, additional 
gain in the aerial does not introduce extra " noise '. 

Dipole 

If a vertical wire, whose length is short compared with the wavelength 
to be received, is placed in a vertically polarized radiation field from a 
transmitter, the current is distributed along the wire as shown in the 

• 

AERIAL 

LOAD EARTH 

(b) LENGTH OF AERIAL EQUAL 
(a) LENGTH OF AERIAL SHORT COMPARED TO HALF THE WAVELENGTH 

WITH WAVELENGTH OF THE RADIATION FIELD or THE RAOIATION FIELD 
• 

FIG. IL—CURRENT DISTRIBUTION IN ROD AERIALS. 
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(a) SIMPLE DIPOLE 1 FEEDER ‘,„..,..., (b) 
FIG. 12.—HALF-WAVE DIPOLE. 

As shown in (b) this may he considered as a number of distributed inductances and 
capacitances acting as a tuned circuit. 

dotted curve of Fig. 1] (-). This would ho typical of a normal rod-
type broadcast receiving aerial. 

If the aerial has its physical length increased so that it is approxi-
mately half the wavelength of the radiation field, the current will be 
zero at each end and maximum at the centre, Fig. 11 (6). Duo to the high 
impedance at either tip of such an aerial, it is somewhat difficult to 
connect a suitable download to it without the use of matching stubs, 
which ate really transformers constructed from parallel wires. 
The usual method is to break the aerial in the centee and connect 

it to the receiver by a double downlead, more correctly described as a 
feeder or a transmission line. 
Such an aerial (see Fig. 12 (a)) is l'eferred to as a dipole, and represents 

the most efficient single-element aerial which can be devised. Nothing 
is to be gained by adding length to either conductor, for the aerial is, 
in effect, a tuned circuit whose distributed self-inductance and self-
capacitance cause it to resonate at the particular wavelength at which 
its length is half. Fig. 12 'b) shows diagrammatically the manner in which 
the inductances and capacitances aro distributed, but, of course, it must 
be remembered in practice the number of inductances and capacitances 
involved is infinite. 
A typical dipole aerial for uso at the London television frequency of 

45 Mc is comprises two .¡-in—diameter metal rods, each approximately 
5 ft. 2 in. long, and separated at the centre by in. This aerial behaves 
like an unselective tuned circuit (highly damped) and has a band-width 
of the order of 5 Alcis on either sido of resonance before the response 
drops to 0.7 (3 db) of the maximum. 
Over this bnnd of frequencies the effective resistance of the dipole, as 

it would appear across the centro gap, is of the order of 80 ohms, and to 
avoid losses in transmitting the collected signal to the rnceiver it must 
be connected via a feeder whose characteristic impedance is 80 ohm-, or 
nearly so. 
The formula below will enable tho length to be determined 

5,905 x k  
Length (in.) — 

Frequency (Mc /s) 

where k is a factor depending upon the ratio of half-wavelength to thé 
diameter of the aerial element, usually varying between 0.92 and 0.98. 
Typical values for k are 0.97 (ratio 1,000: 1) and 0.96 (ratio 75 : 1). 
To ensure that the band-width of the aerial is sufficient, the length! 
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diameter ratio should be less than 400. The impedance at the centre is 
approximately 80 ohms, but this may be affected by the presence of 
nearby objects or additional elements. 

Directional Effects and Relative Gain 

The signal e.m.f. cisveleped across the gap of a dipole when vertically 
disposed in a uniform, vertically polarized, radiation field is given by 
the formula 

EA 
e 

IT 

where e = developed signal voltage; 
E = field strength in volts/metre; 

--- wavelength in metres. 

Now the above formula gives the open-ciruit voltage from the dipole. 
When the receiver input is matched with, and connected to, the dipole, 
the voltage is reduced by one-half. From this must be -taken the 
additional loss due to the feeder. 

In operation the vertical dipole has no directional properties. This is 
rather obvious, because it is symmetrical about its axis of revolution. 

The Yagi Aerial Array 

Most lirectional television receiving aerials are based on the Yagi 
array, which is also widely used in H.F. and V.H.F. communications 
work. ,To understand the operation of this aerial, it is helpful to 
consider it as being connected to a transmitter. 

If an aerial slightly longer than one half-wave and not connected to a 
power source is placed parallel to but alightlyless than one quarter-wave 
directly behind a driven half-wave dipole it will act as a parasitic re-
flector. It absorbs power and re-radiates it with such a phase relation 
to the original radiatioe . that the fields of the two aerials add in one 
direction and subtract in the other, see Table 2. 

TABLE 1.—TYPICAL DIMENSIONS OF TELEVISION AERIALS 

Channel 'Mean Freq. Dipole Director Reflector Spacing e 
cls) fL in. ft. in. ft. in. ft. in. 

1 43.5 10 7 10 1 11 1 2 9 
2 50 9 3 8 95 9 85 2 45 
3 65 8 5 8 0 8 10 2 25 
4 60 7 85 7 4 8 1 2 0 
5 65 7 1 6 9 7 5 1 10 
6 178 2 75 2 6 2 9 81 
7 183 2 61 2 5 2 8 8-
8 188 I 2 55 2 4 2 7 S 
9 191 2 45 2 3 2 6 75 

10 198 2 35 2 21 2 5 71 
11 203 2 3 2 2- 2 45 7 
12 208 2 25 2 15 2 ". 7 
13 213 2 2 2 1 2 3 7 

Rote. The exact dimensions arl affected by the ratio of diameter to overall length, and so 
win vary slightly according to the tubing used. 
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TABLE 2.—PROPERTIES OF VARIOUS TYPES OF BAND I 
TELEVISION AERIALS 

TYPE OF AERIAL 
RELATIyE GAIN 

TO A DIPOLE 

POLAR DIAGRAM 

IRELATNE) 

PROBABLE MAximUM 

RANGE (MILES) 
OCCASIONAL 

RANCF (MILES 

1 
DIPOLE 

Odb 
lip Té(t Ft IS (.0 Gad. 
SIGNAL PICK UP IS Ai) 

0 18 50 

/1\ 

V &POLE 

-60db 00 14 35 

Fri 

I 

COOL( VIS:affLIMP 

4-C to 5.0d b 
D 

35 70 • 

;PRAY 

7010 80db n 35+ 70 + 

A parasitic element shorter than one half-wave, placed parallel to and 
slightly less than a quarter-wave ahead of a half-wave dipole, wilreet tos 
a director. It absorbs power and re-radiates it with such a phase 
relationship that the fields of the two aerials will add in the direction 
of the director element. 

In practice, for reascns of economy of space and because ot tee rela-
tively low interaction between aerials a quarter-wave apart, it is usual to 
place the reflector elements considerably- 'closer to the driven dipole, 
spacings between 0.1A and 0.9A being common. Since this reduction 
of spacing means that the necessary phase change to give approximate 
cancellation in the backward direction would not be obtained, it be-
comes necessary to obtain the required delay electrically. This is done 
by making the reflector slightly longer than one electrical half-wave so 
that, being excited above its own resonant frequency, it has inductive 
reactance, thus introducing the necessary lag. Similar reasoning 
applies also to the director; this is made slightly shorter than the 
resonant length. 
. The calculation of the exact lengths of reflector and directors is a 
matter of some complexity, and in practice a certain degree of experi-
ment is often preferred, though the following formulte will give approxi-
mate lengths: 

5,904  
Reflector Length (in.) — 

Frequency (Mc js) 

Director lengths can. be detertr ined by using the following formula: 

5,400,  
Length (in.) — Frequency (Mc's) 
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Typical dimensions and spacing are: dipole 0•43A-0-46A, reflector 
0.5A, spaced 0.15A-0•25A foin dipole. Adjustment of these dimensions 
will affect front-to-back ratio of the array and the terminal impedance 
of the dipole. Directors, 0-406A-0•44A. Adjustment of these dimen-
sions may affect front-to-back ratio and also the extent of side lobes. 
The band-width of Yagi arrays for relatively small changes in the 
standing-wave ratio on the feeders is usually of the order of 4-5 per cent. 
Typical gains, relative to a half-wave dipole, are: three-element 4-5 dB; 
four-element 6-7 dB; six-element 10 dB. 

In practice, the dipole plus reflector (commonly known as the " H 
aerial ") is widely used on Band 1, whilst for fringe conditions up to 
four elements are in common use. To facilitate impedance matching, 
the dipole is often folded. 

Slot Aerials 

This type nf aerial may be used as an alternative to the simple dipole, 
or dipole and reflector, to which it has roughly similar performance. 
For installation in the loft of a house, it has the advantage that, for 
vertically polarized transmissions, it is long rather than high. It 
consists of a vertical sheet of conducting material, such as wire netting, 
viith a slot running horizontally in the centre and the feeder connected 
to the mid-points of the long sides .of the slot. Typical dimensions for 
Channel 1 are: netting, 15 ft. long >z 5 ft. high (these dimensions are 
not critical) ; slot•1 0 ft. long x 1 ft. high. 

Aerials for Band III 

On the higher frequencies of Band III the voltage induced in a dipole 
element is appreciably less than induced in a Band I dipole in an area 
of similar signal strength, while the losses in feeder cables will be 
approximately donbled; furthermore, the sensitivity of a receiver will 
not ho so good on Band III as on Band I. For all these reasons, 
greater caro has to be taken if good signals are to be presented to the 
receiver on Band III. On the credit side, however, the shorter elements 
make multi-element arrays relatively simple to construct and, in fact, 
arrays of ten or so elements mounted on a single cross-arm are available. 
These are highly directional, and great care should be taken to orientate 
them correctly in order to obtain the optimum results. 
When planning aerial installations for both bands, tho following 

questions need to be answered before any decision can be made as to 
the best type for a given location: 

(1) Are the transmitters co-sited or located at different direc-
t ions from the receiver? 

(2) Is the location within the primary service area (i.e., high 
signal strengths) of one or both stations? 

(3) Is a Band I aerial already installed? This may enable a 
Band III aerial adapter kit, as available from most aeridl manu-
facturers, to be used. 

(4) Is the feed run comparatively short (not more than about 
30 ft.), or will a long cable run be required? Loss of signal in short 
runs is usually unimportant, but will be appreciable with long runs 
on Band III. 
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Undoubtedly, one of the major sources of difficulty with Band III 
aerials is the greater number of " ghost " images that occur on these 
transmissions. Hills, gasholders, spires, steel structures and many 
other reflecting surfaces may give rise to strong signals, arriving slightly 
out of phase with the direct signals, and thus producing ghost images 
slightly displaced from the main ones. These can often be eliminated 
by very careful orientation of the aerial, sometimes suffering some 
reduction in strength of the main signal. 
On Band III, poor aerial siting or installation can seriously impair 

picture quality even within a comparatively short distance from the 
transmitter. Manufacturers have drawn attention to the advantages 
of an aerial sited above chimney stack and as far as possible from 
obstructions; or failing this, erected so that the chimney is to the side 
of, or behind, the aerial. Loft aerials for Band III are often rendered 
useless by the proximity of the water tank. 
The following are c mong the suggestions put forward by a prominent 

manufacturer: 

. Install an outdoor aerial. 
Have it on a high chimney. 
Use a good-quality low-loss feeder cable. 
Use the sensitivity control on the receiver to obtain a good 

picture on the weaker signal. • 
Use an attenuator on the stronger signal to equate the two 

signals. 
Remember that multi-element aerials are very directional, and 

even a few degrees off beam will make a big difference. 

Skeleton Slot Aerials 

A particular form of the slot aerial that has been used recently for 
Band III reception—and for V.H.F. work generally—is the " skeleton 
slot ". As it name implies, this type of aerial was developed from the 
normal slot by gradually reducing the metal surround. It has been 
found that results substantially the same as those of the normal slot 
may be obtained even when the surround is reduced to a mere rim of 
metal, which in practice may take the form of metal tubing (about 4 in. 
diameter) enclosing the " slot". This provides an aerial which is 
comparatively simple, mechanically and which does not offer the wind 
resietanco of conventional slot assemblies. Directive arrays may be 
forined by adding directors or reflectors, though these will be mounted 
at 90° to the major axis of the slot. The feeder is newmally,matched to 
the mid-points of the slot (where the impedance may be as high as 600 
ohms) by means of a quarter-wave stub or a linear transformer section. 

Band I:Band III Tuned Filters 

Filter units for separating or combining Band I and Band III signals 
—known variously as " cross-over filters ", " diplexers ", " splitters ", 
etc.—have a number of uses. For example, such a unit is necessary 
where separate Band I and Band III aerials are used with a receiver 
having a single input socket, or alternatively where a combined Band 
IfBand III aerial is used with a receiver having separate input sockets. 
Two filter units may be useful where separate aerials and separate input 
sockets exist in those locations requiring long low-attenuation feeder 
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cables; in these circumstances the cost of two filter units may be less 
than that of the length of cable which is rendered unnecessary by the 
use of one filter mounted close to the aerials and a second filter at the 
receiver end of the feeder cable. 

Aerials for Bands IV and V 

In the U.S.A., where transmitting stations are already in operation 
on the ultra-high frequencies, the bow-tie type dipole has become 
generally popular: it is so named after its physical shape. Because, 
for broad-band operation, parasitic elements can operate only within a 
restricted frequency range, the parasitic elements in Band IV and V 
arrays are surfaces rather than rods: the bow-tie dipole is usually 
mounted in the corner formed by a surface reflector. Bowl- and mat-
reflectors can also be employed in order to achieve the highly directional 
properties necessary in order to pick-up the maximum signal with the 
increased interference, reflection and propagational difficulties in the 
ultra-high frequencies. 

Transmission Lines 

There are two basic types of feeder line in general use: the co-axial 
and twin lines. 
The co-axial feeder comprises a pair of co-axially related conductors• 

insulated by low-loss material such as polythene. The twin feeder con-
sists of two equi-diameter conductors laid side by side, separated and 
hold in position by polythene or a similar flexible low-loss insulating 
material. 
The characteristic impedance of these feeders is a property determined 

by the distributed capacitance and inductance of the conductors which 
form them. It is that value of resistance which, when connected to 
the end of the feeder, will absorb all the energy it receives and not permit 
any of it to be reflected to the sending end. If this state of affairs is 
permitted by mismatching, loss of energy (in the case of television, loss 
of signal) will occur. 
The characteristic impedance of any two-conductor feeder line at high 

frequencies is given by the formula: 

zo = 

where Z, is the characteristic impedance of the lino; 
L is the inductance per unit return length; 
C is the capacitance per unit length. 

Obviously, the closer the spacing of the wires, the lower the in-
ductance, the higher the capacitance and, therefore, the lower the 
impedance. 
Even if the dimensions of the feeder line are chosen so as to provide a 

characteristic impedance which matches exactly the aerial and receiver 
impedance, there will still be some loss of signal. This is due to losses in 
the conductors by virtue of their resistance, and losses due to the finite 
power factor of the intervening insulating material. 

Co-axial and twin feeders in general commercial use for television 
reception will reduce the signal by about half (6 db) if 200 ft. is used. As 
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the average domestic installation usually requir3s less than 100 ft. of 
feeder, the loss is fairly small. 
For long-distance reception, however, where every loss must be cut 

to a minimum, specially designed (and more expensive) feoder possess-
ing approximately half the loss should be used. This is important. 
because it must be recognized that the aerial is usually placed at a 
considerable height to increase the signal pick-up, and this increase can 
be offset if the feeder is lossy, because a greater length must be employed, 

Further information on..transmission lines is given in Section 12. 

Matching Television Aerials to Feeder Cables 

The addition of parasitic elements reduces the impedance at the 
centre of a half-wave dipole. This mis-match which occurs when an 
H type aerial is connected to, say, an 80-ohm cable is generally regarded 
as insignificant, but with multi-element arrays some means must be 
found of overcoming this difficulty. 
Two popular methods of raising the effective impedance are : ( 1) use . 

of folded dipoles, and (2) insertion of a quarter-wave transformer. 
The folded-dipole consists of two or more half-wave aerials with their 

ends connected together, running parallel and closely spaced to one 
another, with the feeder cable connected to the centre of only one of the 
elements. With two similar elements such an arrangement provides an 
• impedance step-up of 4 to 1, and three elements 9 to 1. A wide range 
of step-up ratios can be obtained by using elements of dissimilar-
diameter tubing. 
The quarter-wave transformer consists of the appropriate length of 

transmission lino inserted between the aerial and the feeder cable. The 
charaeeristic impedance of the transformer is given by the formula: 

Zt = YZ, x Z, 
where Ze is the characteristic impedance of transformer; 

Z, is the characteristic impedance of the feeder cable; 
Z2 is the impedance of the aerial. 

RI 

(a) 

RI RI 

RI RI 

R2 

(C) (d) 
v0. 13:—ATTENIJATORS (a) " pi" Tyre ; (b) " T " TYPE; (r) 'T" TYI Z F°R 
BALANCED TWIN FEEDErt3 ; (d) " pi " Tyre von BALANCED TWIN FEED... 
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Two other methods occasionally used are: ( 1) to make use of the 
relatively high impedance at the end of the dipole, and (2) T matching 
the cable to tile aerial element. In the case of ( 1), which is practical 
only with arrays using four o: more elements, a step-down quarter-
wave matching stub is usually required. With (2) the feeder wires are 
connected not to the centre of the dipole but to points a few inches above 
and below the centre. Both of these methods are inclined to reduce the 
band-width and to make the dimensions rather critical. 
For the uso of cables as transformers see Section 12. 

Attenuators 

The two types commonly used are the " pi " and the " T ". The 
" pi " is more suitable for test purposes, as it uses higher resistance 
values. Fig. 13 (a) shows the circuit, and resistance values for different 
attenuation requirements are given in Table 4. 

TABI E 3.—RESISTOR VALUES FOR -" pi" ATTENTUATORS 

Required Approxi-
mate Attenuation 

(db) 
RI (Ohms) R2 (Ohms) 

10 
20 
30 
40 
50 
60 

150 
470 

1,500 
3,900 

10,000 
39,000 

100 
100 
82 
82 
82 
82 

Resistors should he of normal -watt rating, with tolerance of ± 10 
per cent, non-inductive. 

Tho " T " type circuit is shown in Fig. 13 (b). Above 20 db attenuation 
this type is not suitable, as the resistance value of R2 becomes too small. 
Resistance values are given in Table 4. 

TABLE 4.—RESISTOR VALUES FOR " T " ATTENTUATORS 

Required Approxi-
mate Attenuation 

(db) ' 
R1 (Ohms) R2 (Ohms) 

10 
20 

39 
68 

56 
16 

The circuits given are for use with co-axial feeders. Where balanced 
twin feeders are used the value of RI should be halved and the circuits 
are as shown in Figs. .13 (c) and (d). 
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RECEIVER RECEIVER"A" 

27R 

AERIAL 

2711 

RECEIVERS-.--
(a) (b) .RECEIVER "Et" 

AERIAL 

1311 

1311 

13,1 

1311 

1311. 

1311 

FIG. 14.—STAR NETWORKS: (a) CO-AXIAL FEEDER; (b) Twne FEEDER. 

Multi-receiver Installations 

Wherever possible, aerials should be erected well clear of all neigh-
bouring aerials. Where only one chimney stack, or other convenient 
mounting point, is available for two houses or flats, it may prove more 
satisfactory—and cheaper—to feed the two receivers from a single 
aerial, rather than to place two aerials in close proximity. This can be 
done without difficulty, provided that the signal strength in the area, 
foe the type of aerial system employed, is sufficient to permit a loss of 
6 db from the signal which would be fed to a single receiver. Star 
networks that enable two receivers to be fed from a single co-axial or 
twin-feeder line are shown in Fig. 14. 
Where it is desired to operate a large number of receivers from one 

aerial without loss of signal, as may be the case in a large block of flats or 
a hotel, it is essential to ensure that there is no interaction between 
receivers, and that all outlets receive a (39.tisfactory signal. This will 
normally entail the use of a distribution amplifier in conjunction with 
an efficient aerial, suitable cable runs and correct socket outlets. 
Where a distribution amplifier is used, it should be fitted as near to 

the aerial as possible, and suitably accommodated in a dry, weather-
proof room or enclosure, properly ventilated and reasonably free from 
dust. It is essential that flue gases or smoke do not enter the amplifier 
enclosure, as otherwise rapid corrosion of metalwork may be experienced. 
Where exceptionally long cable runs are necessary, it may be advisable 
to use semi-air-spaced co-axial cable. 

Fringe-area Equipment 

To minimize the effect of valve noise and random noise in fringe arena, 
it is essential to provide the receiver with the maximum possible signal ; 
otherwise the picture will be marred by " grain ". Mention has already 
been made of multi-element arrays. 

Since valve noise becomes increasingly important as the input to the 
first radio-frequency stage falls, the losses in the feeder line are often the 
decisive factor in determining whether or not a satisfactory picture can 
be obtained in a fringe area, and for this reason special low-loss cables 
have been developed with an attenuation, even on Channel 5, of less 
than 2 db per 100 ft. 
When calculating feeder losses, it should be remembered that manu-

facturers' figures for impedance and attenuation of unshielded lines are 
based on the assumption that the feeder is perfectly dry and com-
pletely isolated from earth. In practice, neither condition may be 
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fulfilled, and losses may thus be materially incressed. It is possible to 
minimize this additional loss by keeping the feeder clear of metallic 
objects and by reducing to a minimum horizontal stretches of cable, 
particularly along the top of roofs, where there will be a greatly increased 
risk of water seeping into the cable. With co-axial feeder, make certain 
that water cannot enter the cable at the junction to the dipole, and that 
the cable is looped before entc—ing the building so that external water 
will run off. 

Since special feeder cables are considerably more expensive than the 
standard types, it will be necessary in many border-lino cases, to care-
fully weigh the relative costs of the various types of aerial systems, high 
masts, pre-amplifiers, cables and the like. For example, it may be 
found cheaper to use a more complicated array with standard cable 
than a simple aerial with special cable, or vice versa. Tho individual 
circumstances of each installation will govern the best course to be 
adopted. 
For areas of low signal strength, where every decibel of loss is 

important, the attenuation in the feeder may reach an unwelcomely 
large figure, even where semi sir-spaced cables, with correct impedance 
matching, are employed. In such cases a mast-head pre-amplifier may 
provide a useful gain with less valve noise than would be experienced 
with a normal type of pre-amplifier located beside the receiver. 

" Ghost Images" 

Reflection of signals from natural and man-made objects may cauie 
a double or multiple image to appear upon the screen of a receiver; 
and in certain districts such conditions may prove most troublesome and 
difficult to overcome. Hill faces are probably the most frequent cause 
of " echo " signals, but almost any reflective surface, such as trees, 
buildings, gasometers or factory chimneys, may give rise to " ghosts ". 
By measuring the displacement of the spurious image, a rough estimate 
may be made of the distance of the 'offending objects. 
• The approximate image-displacement values and distances of the 

reflecting structure from the aerial for a 15-in. cathode-ray tube are 
given in Table 5. 

REFLECTED RAY 
FROM TREES 

REFLECTED RAY FROM 0\". 
STEEL BLOCK OF FLATS 

FIG. 15.—THE RECEPTION OF GHOST IMAGES FROM BEFLECI EL WAVES. 
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TABLE 5.—DISPLACEMENT VALUES OF GHOST IMAGES 

Displacement of Object to Right Object Immediately 
Image or Left Behind 

in. 
in. 

11,5 in. 
If in. 
I in. 
1 in. 
2 ins. 

140 yards 
190 yards 
220 yards 
280 yards 
560 yards 

11 miles 
2¡ miles 

70 yards 
95 yards 

110 yards 
140 yards 
280 yards 
1100 yards 

miles 

Intermediate angles between the reter and side-on pos;tions will give 
intermediate values between those shown in the middle and right-hand 
tolumns. Objects slightly in front 
of the side-on view would be at a 
distance greater than that given 
by the middle column. 
The cure of double images is still 

largely a matter of trial and error 
in the positioning and orientation 
of the aerial, the principle being 
the adjustment of tho system to 
give minimum pick-up of the 
" ghost" reflection. It is, for ex-
ample, ,useless in areas prone to 
"ghosts" merely to point the 
aerial towards the transmitter. 
Instead, the aerial should be care-
fully adjusted when a programme, 
preferably Test Card " C", is being 
received. In some cases it may prove easier to reject the direct signal 
and concentrate on receiving tho reflected signal, for example by turning 
the aerial on its sido so as to receive horizontally rather than vertically 
polarized waves. With indoor aerials, a change of position of only a foot 
or two may make a considerable difference to results. 

Fla. 10.-0110ST IMAGE. 

TABLE 6.—TYPICAL ATTENUATION LOSSES IN FEEDERS 

Type of Cable 

Solid polythene co-axial 
Cellular Polythene co-axial 
Semi-air-spaced co-axial 

Alienuraion lars 
Impedance (db/100 ft.) 
(Ohm's) 

  Î  50 31cls 1  200 Mcfs 

75 2.2 Î 6-4 
75 2.3 1 4-9 
75 I 1.6 5.5 
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EARTHING 

Earth conductivity varies considerably according to the nature of the 
soil, and a system which would be satisfactory under conditions of good 
conductivity may be totally inadequate in rocky or sandy districts. A 
rough appraisal of conductivity in any particular area can be made from 
the following table : 

Salt water . . . EY tremely good 
Rich farm soil • Very good 
Average country soil • Good 
Fresh water ponds . . . . . . Fair 
Town residential areas, rocky or sandy soil . Poor 
Industrial areas . . . . . Very poor 

Where more accurate figures are required, it is necessary to take into 
account the soil and subsoil, and the limits within which the resistivity 
may vary are : 

Ohm-metre 
Chalk. 60-400 
Clay . . . . . 3-160 
Clay with varying proportions of sand and gravel 10-1,350 
Marsh . . . . . . . . 2-3 
Rock (normal crystalline) . 500-10,000 
Sand . . . . 90-800 
Sand gravel. . 300-5,000 
Slates and shales . . • 100-500 

For resistivity in ohm-ft., multiply figures by 3. 
In general, the essential requirements for telecommunication earth 

connections may be summarized as follows: 

(1) Must he complete, permanent and as short in length as 
possible. 

(2) Must be of low resistance, i.e., not more than 8 ohms for 
telecommunication apparatus, and not moro than the supply 
voltage divided by the circuit-breaker tripping, or fusing, current 
for associated power equipment. 

(3) Must be of adequate current-carrying capacity. 
(4) Must be mechanically strong and must not deteriorate due to 

corrosion. 
(5) Must provide convenient access for maintenance testing 

purposes. 

Earth connections via water-supply mains are usually of lower 
resistance than any form of buried earth-electrode system, and normal 
radio apparatus may be conveniently and satisfactorily earthed by means 
of connections to water mains. 

For electrode systems, the graph in Fig. 17 shows the earth resistance 
of i-in. rod(s) when installed in a soil resistivity of 100 ohm-metre. The 
corresponding values when installed in soils of different resistivities may 
be ascertained by multiplying by the actual soil resistivity and dividing 
by 100. 
The main earth lead should preferably be of stranded copper wires, 
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and the cross-sectional area 
should be proportional to the 
maximum current to be carried. 
For power connections, the 

earth lead should have a nominal 
cross-sectional area of at least 
0.0045 sq. in. (e.g., 7/0-029 in.), 
and be not less than one-half 
that of the largest of the con-
ductors it protects, but no earth 
conductor larnr than 01 sq. in. 
cross-sect,in need be used. 

Transmitters 

There are two distinct earthing 
systems which may be associated 
with radio transmitting equip-
ment: 

(a) earthing system for 
the aerial; 

(b) earthing oyster-I for the apparatus . tself—ruJdulator, 
oscillator, rectifiers, control boards, etc. 

That of (a), which, when requirk-cl. usu.dly consists of a coanterpcise 
or buried-wire earth to asdi,it in formiag a good reflecting surfrice for 
down coming waves, is more fully covered in Section 11. 
The purpose of isystem (b) is to prevent radio-frequency currents the 
unes and screening panels, by providing an electrical anchor, to 

obviate unwanted coupling between circuits which would cause in-
stability, and to prevent the radio-frequency field affecting the power 
supply. The requirements for the earthing of radio-frequency equip-
ment are generally th a same as those fer power equipment; a very 
important point, however, is that, with radio-frequency equipment, 
the earthing connection between the electrode and the equipment must 
be kept as short as possible. ThiP applies at all frequencies, but is 
particularly vital at the higher frequencies, wheh the earth connectirn 
may be useless—due to its high radio-frequency impedance—par-
ticularly where its electrical length is an approximate multiple of a 
quarter of the wavelength concerned. For V.H.F. earthing it is iften 
advantageous to use a copper sheet, placed under the equipment. This 
provides a considerable capacitance to earth, whose impedance decreases 
with increasing frequency. A D.C. earth connection is necessary as 
well. 
Where the earth connection of a high-power transmitter passes 

through combustible material it is advisable to fit protective bushing to 
prevent any possibility of fire from radio-frequency sparking at joints. 
Any metal strips or fittings which might resonate at the transmission 
frequency should be bonded to earth. 

50 

0 

30 

o 
20 

10 

.06 12 18 20 24 28 32 
DRIVEN DEPTH FT. 

FIG. 17.—EARTH RESISTANCE OF • 
t-I14. ROD. 

Receivers 

Most of the considerations for transmitters apply also to receivers, but 
the lower power involved cuts out the !hi& of fire from radio-frequency 
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sparking. It is often practicable to use cold-water pipes as the earth 
electrode. 
With broadcast receivers fitted in domestic premises, the earth-

continuity conductor of the electric supply can be used as the earth 
connection, but to obtain the best results a rising water main or a 
separate earth electrode should be used. The separate electrode is 
probably best, and it should be sited well away from any other earth 
electrode near the premises. It should be noted that the earth con-
nection of a mains domestic receiver has to act as both a power and a 
radio-frequency earth, and its impedance must therefore be low enough 
to blow the fuses protecting the receiver in the event of a short-circuit 
to the chassis or other metalwork in the receiver, or, in the case of 
receivers using a double-wound mains transformer, a leakage path from 
chassis to supply mains. 

Efficient receiver earthing systems can be made by sinking a 3-4-ft. 
c Jpper rod, or several shorter rods spaced a foot or two apart, or a large 
copper plate as deeply as possible in moist soil; a large biscuit tin is. also 
efficient. If the soil is sandy or particularly dry, the efficiency of the 
earth can be increased by placing the earth electrode in a trench tilled 
with about 40 lb. of rock salt, magnesium sulphate or copper sulphate. 
The earth lead should be of substantial gauge wire as short and as 

direct as possible, preferably with an insulated covering. The lead 
should always be soldered to the earth rod or plate and at any joints in 
its length, and protecpcd where it enters the ground by a short length of 
suitable piping. 

British Standard Code of Practice C.P.327.20I makes useful recom-
mendations about the installation of earth connections for domestio 
srbund and television receivers. 

Radio-frequency Instruments 

Where measuring instruments used at radio frequencies are concerned, 
the chief consideration is usually not so much the safety factor_as the 
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accuracy of the instrument. The primary object is to ensure that all 
the stray currents that inevitably flow through all the insulation across 
which a voltage exists in a radio-frequency system are directed into 
paths that have no unwanted effect on the indication of the instruments. 
The currents in question are the so-called capacitance currents. Any 
two metallic components separated by insulation of any sort are 
equivalent to a capacitor, and the insulation therefore always carries an 
alternating charge-and-discharge current whenever there is an alter-
nating voltige between the components. This current is proportional 
to the frequency, and thus, although probably negligible at a frequency 
of, say, 50 cis, is 100,000 times as great for a given voltage at 
5 Mc/s, and possibly therefore quite considerable. Such stray cur-
rents, unless divertéd away from the sensitive elements in a circuit, 
may cause instrument readings to be entirely false. The standard 
method of preventing any such current from reaching any particular 
circuit element is to enclose that element in an electrostatic screen—an 
enclosure the walls of which have the same voltage at every point. 
Ideally, the screen should be a continuous perfect conductor, but 
sometimes a wire mesh is a reasonably good substitute and may be 
necessary, if, for example, an instrument within must be visible from 
outside. Capacitance current from all external components must 
then remain outside the screen, and similarly capacitance currents from 
all inside components must remain inside the screen. However, it is 
not always a simple matter to secure that the screen of a radio-frequency 
instrument shall be in all its parts at earth potential. At low fre-
quencies an earth-connection in the form of a cable of low resistance 
solidly connected to a water-main or an earth plate of large area well 
buried in moist subsoil is reliable; but at radio frequencies low 
resistance is not sufficient, for it is impedance that counts, and im-
pedance arising from inductance is proportional to frequency, so that 
an earth cable of negligible impedance at low frequencies may behave as 
a choke of high impedance at high radio frequencies. 
Any screen when completely insulated from earth behaves as one plate 

of a capacitor of which " earth " or surrounding objects form the other 
plate. The capacitance of this capacitor may be large relative to those 
in the radio circuits within it, and therefore of low impedance at the 
radio frequency. Thus a large electrostatic screen is automatically 
connected to earth by its own earth-capacitance, so far as radio-
frequency voltages are concerned. Thus it often happens that, pro-
vided a radio-frequency instrument is mounted within a metallic 
screen, no connection to earth need be deliberately made. It may 
indeed be better without ono, for the earth-capacitance of the screen in 
parallel with the inductance of an earth-lead may constitute a tuned 
circuit, the impedance of which is very much greater than that of the 
capacitance alone. At lower radio frequencies, howevet, when the 
circuit in question is far from resonance, an earth lead, if short- and 
thick, may be very beneficial. The operator should therefore adopt 
whichever arrangement gives stable readings independent of movement 
of neighbouring objects and consistent with the theory of the instrument. 

If the radio-frequency system also includes components such as power 
supplies of low frequency and high voltage, then the normal earth-
connections required for safety must, of course, always be applied quite 
independently of the special considerations concerning the radio-
freanenev voltaizeo and etirremfa 
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22. COMMUNICATION RECEIVERS 

At one time a communication receiver could be described as a 
relatively cheap receiver, more expensive than a broadcast receiver, 
but very much cheaper than those designed for commercial organiza-
tions or for the Fighting Services. It normally covered the high-
frequency band, 3-30 Mc/s and the medium-frequency broadcast band, 
and was developed largely to meet the demand by amateur radio 
operators. 

During the last war, communication receivers were pressed into 
service for a great many purposes for which they were not originally 
designed, but nevertheless proved very successful, since they could be 
operated and maintained by comparatively unskilled staff and could be 
manufactured easily in large quantities. 
Today, whilst the comparatively simple communication receiver is 

btill being produced, there is a tendency to produce designs which, give 
a very high degree of performance (chiefly in the matter of setting 
at.curacy) but which are also very complicated both electrically and 
mechanically. Such receivers call for a very high standard of main-
tenance skill and, of course, are very expensive. It is proposed in this 
section to describe the more important design features of a reeiver 
which may be said to fall between the very simple and cheap and the 
very complicated and expensive. 

REQUIREMENTS FOR A COMMUNICATION RECEIVER 

(1) It must be adaptable so that it can be used for almost any kind of 
service, telephone or telegraph. 

(a) Telephone.—Sensitivity should be high so that a good signal-
to-noise ratio is obtained from weak signals. The signal-to-noise 
ratio should improve linearly with increase in signal strength. 
The overall frequency response should be wide enough to avoid 
attenuating the higher-modulation frequ cies, but must be sharp 
enough to reject interfering adjacent signals. The frequency 
stability and automatic gain performance should be sufficiently 
high to enable the receiver to be used for rebroadcast purposes. 

(b) Telegraph.—The sensitivity should be high and distortion 
of the signal pulse shape should not occur. The overall frequency 
response should not . accept frequencies higher than the fifth 
harmonic of the keying speed. The frequency stability and over-
load characteristics should be sufficiently high to enable the 
receiver to be used for the operation of a teleprinter or similar 
apparatus. 

(2) Operation should be simple, so that highly skilled personnel are 
not required. From this it follows that the number of controls should 
be minimized, and their use should be obvious without the need for 
elaborate instructions. 

22-2 
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(3) Several degrees of selectivity should be provided so as to cater for 
telephone and telegraph reception under various conditions of noise and 
interference. 

(4) The frequency change oscillators should be stable so as to minimize 
the amount of re-tuning necessary. The facility should also exist 
whereby the first oscillator can be crystal controlled. 

(5) Spurious sighals of all kinds should be negligible. 
(6) The component parts should be reliable under extreme conditions 

of temperature and humidity, and access should be good for maintenance 
purposes. 

(7) It should be possible to connect two similar receivers together for 
diversity working. 

(8) The receiver should be comparatively cheap to produce. From 
this it follows that the preceding requirements are largely a matter of 
compromise, and must always be considered with the cost aspect in 
mind. 

RECEIVER SENSITIVITY 

This is usually expressed as the input necessary to produce a certain 
signal-to-noise ratio at the output. It is not sufficient to quote the 
input necessary to produce an output of say 100 mW, as this is a 
measure only of the ov . all receiver gain and takes no account of the 
amount of noise presei ' si the output, which, of course, decides the 
readability of the signal. 

Noise-

Receiver noise can originate from the following sources: 

(a) Route Noise.—This consists of bursts of atmospherics 
originating from certain known storm centres, and is, of course, 
particularly notiç.eable when an aerial beamed in the direction of 
a storm centre is used. The amount of noise is very variable, and it 
is not easy to express it in terms of a definite number of microvolts. 

(b) Site Noise.—This is noise generated locally by power lines, 
ignition systems, electrical machinery of various kinds, medical 
apparatus and other sources. On an isolated country site such 
noise may be Vtlry small, serials two or three miles from a town can 
pick up site noise of the order of 0.5-2 µV according to frequency, 
whilst in a town the noise may be so bad that only the strongest 
signals can, be received effectively. 

Ships are usually very bad from a noise point of view, due to the 
large amount of electrical machinery and the imperfect earthing of 
mast stays and derricks. 

(c) Thermal Agitation Noise.—This occurs in all impedances, but 
is particularly important in the first tuned circuit of a receiver. 
The value of such noise is given by the expression 

E, = 12.6 x I0-" x VZ x 8f 

where E, --- noise equivalent in volts; 
Z -= circuit impedance at resonance; 
8f = pass band of receiver in cis. 
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(d) Valve or Shot Noise.—For convenience this is usually con - 
sidered as occurring at the grid of the valve. It is usually expressed 
as the equivalent noise resistance, typical values aro 1,000 ohms 
for a good radio-frequency pentode and 200,000 ohms for a penta-
grid mixer. 

(e) Mains Hum.—This is usually due to insufficient H.T. 
smoothing, and its removal does not represent a difficult problem. 

A practical and detailed treatment of receiver noise has been covered 
by Zepler.1 

Noise Factor 

The actual signal voltage input necessary to produce a given output 
depends upon the input impedance: the noise output depends upon the 
pass band. These two facts make it difficult to compare readily the 
performance of different types of receivers on the basis of signal-to-
noise ratio. To meet this problem the noise factor is sometimes used; 
it is defined as the ratio of the available signal-to-noise Attic: at the input 
to the actual signal-to-noise ratio at the output of the receiver. 
The determination of the noise factor of a receiver is a laboratory 

measurement, and great care has to be taken to prever c pick up of local 
noise. The method of measurement hob been described by Bray and 
Lowry 2 and is also discussed in Section 42. 
An ideal receiver, i.e., one which introduces no noise, has a noise 

factor of 0 db; a receiver in which the first-circuit noise completely 
predominates can have a noise factor of 3 db if the input impedance is 
matched to the first-circuit impedance. It is possible, by overmatching 
the input impedance, to obtain a noise factor less than 3 db, but this is of 
value only on ideal noiseless sites. The noise factor for a good com-
mercial point-to-point high-frequency receiver varies from 3 to 6 db 
over the range 3-30 Mc/s: for a good communication-type receiver the 
corresponding figues aro 4-10 db. 

SPURIOUS SIGNALS 

Oscillator Harmonics 

Harmonics of the second oscillator in double-conversion super-
heterodyne receivers can be particularly troublesome. It is advan-
tageous to use an oscillator circuit which is relatively free from har-
monics, but it must be remembered that the mixer generates harmonics 
oven if fed with a pure sine-wave input. Great attention should be 
paid therefore to the screening and decoupling of both the oscillator and 
mixer circuits. 

Image Signal 

If the first oscillator is set to frequency h and the first intermediate 
frequency is ft, then signals of frequency (f, h) and (f,- /2). will 
both be accepted by the intermediate-frequency circuits. Normally, 
in a ganged receiver, the signal-frequency circuits will be tuned to 
(f,- fe), in which case (h fe) is the image signal. The protection 
against the image signal depends upon the frequency response and 
ganging accuracy of the high-frequency circuits. 
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A spurious signal, which is occasionally confused with the true image 
signal, is one which differs from the first oscillator frequency by half the 
first intermediate frequency; this is sometimes known as the " half 
I.F. signal ". A vary strong signal of frequency (A± x fs) may cause 
overloading, so that second harmonics are produced at the mixer of 
frequency (2 x f ± fà), and these beat with the second harmonic, 
2 x f, of the first oscillator to produce signals at frequency f2. 

Intermediate Frequency 

Normally, the signal-frequency circuits offer sufficient protection 
against break-through of signals at the intermediate. quency, but it 
does occasionally happen that the frequency of a strong local trans;nitter 
coincides with one of the receiver intermediate frequencies; this case is 
usually a matter for local treatment. 

Blocking 

A very strong signal can cause o ierloading of the mixer stage or even 
the second signal-frequency amplifier, but due to the main intermediate-
frequency selectivity the signal is not audible at the output. The effect 
of the overloading is to reduce the gain of the stage concerned, so that 
if the interfering signal is a keyed continuous-wave transmission,., the 
level of the wanted signal follows the keying speed. 

This reduction of the level of the wanted signal is known as blogking, 
and the usual method of measurement is to determine the input 
necessary 10 keis from the wanted signal to reduce the level of the latter 
by 3 db. 

Cross Modulation 

This effect is similar to blocking, but occurs when the interfering 
signal is modulated. The gain of the overloaded stage is varied at the 
modulation frequency, which is then audible at the receiver output. 

Intermodulation 

Various forms of intermodulation can arise, and are sometimes 
difficult to recognize. A typical instance is where a strong carrier acts 
as the first-frequency change source, so that the first-oscillator tuning 
has no effect on the audible output.. 

CALCULATION OF SIGNAL-TO-NOISE RATIO 

Consider first the case where the first-circuit noise is very much larger 
than the valve noise, and the input is accurately matched. 

If R is the source (aerial) impedance, and n is the step-up ratio, then 
the first-circuit impedance is teR, and it E is the sigma' voltage generated 
in the aerial, then the signal voltage across the first tuned circuit is 
nE 
2 • 

The source noise in volts = 12.6 x icril x x VIT 
= kV 

where k is a constant and E = source signal. 
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n 
fc, ITT 

nE 

1: n 

Fm. I.—CALCULATION OF THE 
SIGNAL VOLTAGE ACROSS THE 

FIRST TUNED CIRCUIT. 

E  
Source signal-to-noise ratio -- nE icyR 

The signal voltage across the first tuned circuit is and the im-

pedance, with the aerial connected, is 1214, ?- 

The circuit noise is k 2' and the signal-to-noise ratio is —1 • ' E • 

The noise factor then, which is the ratio of the source or input signal-
to-noise ratio to the receiver signal-to-noise ratio, is for 3 db. 
Now cc i he practical case shown in Fig. 2. 

In this t. he following typical figures are assumed: 

Frequency = 20 Mcis 

Tuning capacitance = 100 pF 

Circuit Q = 50 (aerial disconnected) 

Equivalent noise 
-.esistance for radio-} = 1,000 ohms = 0-3 µV for 6-kc/s band-width 
frequency valves 

Equivalent noise 
resistance for mixer} = 200,000 ohms = 4-2 µV for 6-kc/s band-width 
stage 

Radio-frequency stage gain = 5 

1 
First-circuit Impedance = 

4,000 ohms 

R.E 5:1 
STAGE GAIN 

1.n 

75A 
/ ? TO 3,...v NOISE? 0-3µV NOISE •------T4 2µV NOISE 
EQUIVALENT EQUIVALENT 

R.F. 51 
STAGE GAIN MIXER 

EQUIVALENT 

Fxo 2.—THE SIGNAL-TO-NOISE RATIO THROUGH THE FIRST STAGES OF 1111: 
RECEIVER. 
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and the noise voltage (6-kcis band-width) es.-- 0.6 µV. Wh n the 
aerial is. connected, the impedance fella to 2,000 ohms, and the noise 
voltage is then 0.42 µV. 
The noise of the second radio-frequency amplifier and mixer stages 

can be reflected back to the first radio-frequency amplifier grid, so that 
the total noise is the square root of the sum of the squares of the 
individual noise equivalents. 

(Total noise)2 = ( 1st circuit)2 (1st radio-frequency)' 

2nd radio-frequency \ 2 \ mixer  
4ain of oneR.F. stage/ gain of two R.F. stages) 

(0.42)2 (0.3)8 + (%.) 2 (4e 2 

= 0-18 -F 0.09 -I- 0.004 0.028 

= 0.302 

Total noise = 0.55 µV. 

It will be noticed that with the stage gain considered, the noise of 
the mixer has a second-order effect on the total noise. For the circuit 
impedance considered, the influence of She first radio-frequency amplifier 
valve noise is not a major one, but it will be seen that if the circuit 
impedance is lowered, then the valve noise has a bigger effect and the 
step-up ratio will be lowered. 

1\r ----407500 
The step-up ratio of the input circuit is = s so that for a 

signal of 1 µV across the receiver-aerial input terminals (or 21.LV generated 

in the aerial) the signal-to-noise ratio will be M- = 13-3, which is equal 

to 23 db. 
Now consider that the signal strength has been increased by 56 db 

and that the action of the automatic-gain-control system has reduced the 
gains of the radio-frequency and intermediate-frequency amplifiers by 
28 db each, so that the receiver output has remained constant. In 
practice, of course, there will be a slight increase in the receiver output. 
The gain of each of the radio-frequency stages will now be unity, so 

that (Total noise)' = (0.42)2 (0.3)2 (0.3)2 (4.2)2. 

Thus the total noise = 4.24 µV at 1st R.F. valve grid. 

Input signal = 56 db above 1 µV = 625 ialr at receiver input 
625 x step-up ratio at grid. 

825 x 7.3 
Signal-to-noise ratio 4.24 — 1076 

= 60 db 

It will be noted that the noise of the mixer stage now predominates, 
and that an increase in signal strength of 56 db has produced an increase 
in signal-to-noise ratio of only 37 db. 

It will be appreciated from the foregoing example that the smallest 
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possible proportion of the total automatic-gain-control action should be 
applied to the radio-frequency circuits, the exact amount being decided 
by the overload point of the mixer and the required overall automatic-
gain-control characteristic. 

Calculation of Image Signal Protection 

The response of a tuned circuit is given by 

/  1  

Imax. — (yQ)2 

where 
= (0 WO 

y   

£00 0.) 

for a small percentage mistune 

2(ai —  2 x percentage mistime  
— cao 100 - 

for large percentage mistune 

/ 1 

Imes. = YQ 

Consider now tie case given by Fig. 2 and an intermediate frequency 
of 1.6 Mee. 
Then for the input circuit, with aerial connectea, 

Q = 25 

--- 20 Mcs 

= 23.2 Mai's. 

y = - '29 = 0.3 
cao au 

YQ 7.5 

1 1    1 

+ (7.5)1 — 1/ 1 + 56.25 — 7.57 

The protection then is 7-57 to 1 or 18 db. 
For the other circuits Q = 50, so that they each offer a protection of 

24 db. 
Total image protection = 8 -1- 24 24 -= 66 db. 
In practice, this. figure may be modified by ganging errors and 

possibly a small amount of reaction. The effect of the latter will be to 
improve the image protection at the ganging points, but may degrade 
the protection at otl-cr points. 

CALCULATION OF OSCILLATOR TRACKING 

The ganged variable capacitor used in a high-frequency receiver is 
usually fitted with identical sections for the signal-frequencz and 
oscillator circuits, and it is necessary to modify the law of the oscillator 
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3—Basic ARRANGE-
MENT FOR OSCILLATOR 

TRACKING. 

SIGNAL FREQUENCY 
CIRCUIT 

OSC. CIRCUIT 

section so that the resonant freque,,e, is higher than the signal frequency 
by the value of the first intermedete frequency. This is achieved by 
using different values of inductance and parallel capacitance and adding 
a series capacitance as shown in Fig. 3. 

In Fig. 3, C, is the parallel capacitor, usually referred to as the 
trimmer. C, is the series capacitor, usually referred to as the tracker or 
padder. C is the variable' capacitor, identical with the signal-frequency 
capacitor. 

It is not possible to obtain accurate tracking over the whole of the 
variable capacitor sweep, but the method gives accurate tracking at 
three points. Probably the best tracking points are those which give 
the minimum value of peak-tracking error between the tracking points. 
If the lowest signal frequency is f, and the highest is fo, then a good 
empirical method is to tako the geometric mean Vfof, for the centre 

—  point (fi) and f fo h  and f, -I-   for the others (f, and f, 
4 

respectively). 
Knowing the sweep of the variable capacitor, the settings of the latter 

for f, f, and f, can be calculated and three equations obtained, the 
unknowns being CI, C? and L. The solution of these equations is not 
easy, and a comparatively easy series of formule has been quoted by 
Zepler. 

C8(a — 1) — (n — I) 
Then trimmer capacitance = u = n — a 

C1 4 0:  
Padder capacitance -= C, n — a 

where 

(n — 1)(1 — 

= 1 — pi a  
1 — p, 

C, — C, 
n — n n 

2 — '-' I 

1 

Take as an example a signal-frequency range of 1425-2.89 Mc/s, an 
intermediate frequency of 1.2 Mc is and a variable capacitor sweep of 
183.8 pF. Tracking points to be 1.5, 2.02 and 2.75 Mc/s. 
Then fo = 2.89 Mc/s, f,= 2.75 Mc/s, f, = 2.02 Mc/s, f, =- 1.50 Mc/s, 

f, = 1425 Mc /s. 
Intermediate frequency = 1.2 Mc /s, f,' = 3.95 Mc /a, f,' = 3.22 Mc /s, 
= 2.70 Mc /s 
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TABLE I— THREE-POINT TRACKING C.-LCULATIONS 

Given Highest 
Frequency Track. g Frequencies 

Signal frequencies . . 
Signal tuning capacitance 
Intermediate frequency . 
Oscillator frequency . 
Oscillator frequency 

fo 
c. 

- , 
11+f I 11+- 1 
Ili ¡si 

Lowest 
Frequency 

C. + 

0 .4 = 3.11308 163.8  
— 

— 52.617 pF 
(.• 4) 4 

• = Co (et.rj I — 1) = .494 pF 

Co = Co (() 2 — 1) = 55.084 pF 

C3 = Co ((.ff-93) 2 — i) = 142-699 pF 

1 -- p, = 1 — (•1:72) 2 = 0.5328 
0.95 

1 p2 (33.,225)2= 
0.3355 

1 Pi -- 1.5881 
1 — p2 

C3 — 171 
/1 = — 2 7668 C2  

C'3( — 1) —.C, — 1) 
n — a 

62-97 pF 

C, Ct 
Co 

n — a 
1 

(n — 1)(1 — p,) 

C,, = 271-5 pF 

The misganging, in terms of frequency error, has been calculated and 
the results shown in Fig. 4. Tho corresponding loas in gain obviously 
depends upon the number and the Q of the tuned circuits employed. 
The foregoing calculations are based on the assumption that ideal 

circuit cónditions exist, and in practice it is probable that some experi-
mental adjustment of the tracking and trimming values may be 
necessary. 
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+0.2% 

o 

a 

-0.2% 

NOMINAL RANGE= 1 SO TO 2.75 Mc/s. 

-OVERALL RANGE (WITH 50/0 OVERLAPS) l-425 TO 2.89 Mcis 

TRACKING FREQUENCIES= 1.50, 2.02, AND 2.75 Mc/ s 

1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 
SIGNAL FREQUENCY (MC/S) 

FTC/. 4.—OSCILLATOR TRACKING MISGANGING. 

In the example quoted, the tracking capacitor is comparable in 
value with the variekle capacitor, and a value of tolerance of the order 
of 5 per cent should be specified. For a signal-frequency range of 
16-30 Mcis, for the .ame intermediate frequency the tracking capacitor 
is 2,810 pF, and is not so critical in value— sa within ± 15 per cent. 

Oscillator 1?requercy-Temperature Characteristic 

Most ccmponents have a nt.tural tendency to increase in value with 
increase in temperature. This means that the tuning of a receiver drifts 
during the warm-up period and again during any subsequent ambient 
temperature changes. The simplest method of compensation is to use a 
capacitor with a high nei,ative-temperature coefficient for the whole cr 
part of the trimmer capacito-. This gives good compensation at the 
middle of the band, but over-compensates at the high-frequency end 
and under-compensateq at the low-frequency end of the band. The 
best form of capacitan, e compensation uses a bimetal strip which bends 
with temperatur and so varies the spacing between the plates of an air 
dielectric condenser. 
The highest temperature ,,oefficient obtainable from a fixed capacitor 

is about 700 parts ir 10° negative per degree Centigrade, whereas with a 
bimetal compensator a figure of 5,000 parts in 10° cart be achieved. The. 
compensator may, of course, be designed to give positive or negative 
coefficient. 
Temperature compensation of the tuning inductance, whilst very 

desirable, is not easy to achieve cheaply in practice. A comparatively 
easy alternative, which gives a reasonable compromise, is to fit a high-
coefficient capacitor as a part or whole of thé tracking capacitor. 
Many components, apart from changing their value during •a heat 

cycle, do not return to their original values on the completion of the 
cycle. Obviously, components should be checked for this effect before 
being included in an oscillat • design. It is not difficult to find designs 

K 
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of fixed and variable capacitors which are cyclic, but great trouble is 
necessary in the coil designs. It iA not uncommon to find that a batch 
of apparently identical coils shows a wide variation in performance. 
This can be due, for instance, to non-uniformity of winding tension. 
In the caso of random-wound coils, it has been found in practice that 
best stability figures are obtained when the minimum of winding tension 
is used. 

INTERMEDIATE-FREQUENCY AMPLIFICATION 

Tho choice of frequency for the intermediate-frequency amplifier is 
influenced by two main considerations : first, it should be as ht., as 
possible so that good selectivity can be easily obtained; and secondly, 
it should be as high as possible in order that the image signal response is 
negligible. These two requirements aro in direct conflict, and probably 
the best solution is to cater for them independently by employing two 
frequency changes. Tho first intermediate-frequency circuits can be 
centred within a few hundred kilocycles of the lowest signal frequency, 
and need consist of only one pair of coupled cir; . its feeding strtught to 
the second frequency changer. This scheme has the further advantage 
that the second oscillator can be made variable over say ± 5 kcis of the 
centre frequency, thus providing a very effective bandspread device. 
Tho band-width of the first intermediate- frequency circuits must be 
wide enough to accept this bandspread ie addition to the band-width of 
the second intermediate frequency, but is does not normally present 
any difficulty. 
The easiest method of obtaining the necessary selectivity for the 

second intermediate-frequency amplifier is to uso pairs of mutually 
coupled tuned circuits between valve stages, the degree of coupling 
depending upon the circuit Q and the band-width required. 

Intermediate-frequency stage Gain with Coupled Circuits 

If we consider the circuit shown in Fig. 5, where 

d = damping of each btmed circuit =?'à 

I Anode curr.ent Gm& 

E2 = secondary voltage 

Z impedahee of each circuit at resonance = woLQ 

cl 2AF 
'Y 

= difference between resonant frequency Fo and any other 
frequency nt which gain is required, 

FIG. 5.—STAGE GAIN WITTY 
COUPLED CIRCUITS. 
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Resonance Curves of Coupled Circuits 

The product kQ is known as the coupling factor, and for kQ = 1 
the resonance curvo of two coupled circuits is a maximum at the 
resonant frequency. For /4 > 1, then, the resonance curve has a 
minimum at the resonant frequency and two peaks or maxima on either 

1 
side, -the spacing being given by y = ± N ik2 — — Q2. 

The coupling factor is said to be critical when kQ = 1. 
The curves shown in Fig. 6 give the attenuation with respect to the 

mid-band gain of a pair of critically coupled circuits plotted against yQ 
for various values of kQ. 
When several degrees of selectivity are required it is necessary to 

vary the coupling for some, if not all, of the pairs of circuits. This can 
be done by mechanical movement of the coils. It has the advantage that 
the selectivity is continuously variable, but is sometimes difficult to 
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FIG. 7.—ARRANGEMENT OR OBTAINING 
DEGREES OF SELECTIVITY FROM COUPLED 

CIRCUITS. 

arrange. The scheme shown in Fig. 7 has prow 1 satisfactory in 
practice, and has the merit that the response curves are symmetrical 
about a common centre frequency. 

AUTOMATIC GAIN COUTROL 

The purpose of the automatic-7ain-control system is to prevent over-
loading due to strong signals and to maintain an output level which is 
reasonably constant even though the input signal may be varying in 
strength. Obviously, the gain of the receiver should not be affected 
when weak signals are being receiveçl so that the ideal automatic-gain-
control curve should be as Fig. 8. 

It is also important that the noise output should progressively 
decrease with increase of signal once the automatic-gain-control system 
is operative. Ideally, this relationship should be linear. 
A simple automatic-gain-control circuit is shown in Fig. 9. The output 

from the final intermediate-frequency stage is fed to a diode, and a 
positive delay voltage is applied to the diode, so determining the point 
of operation of the system. Decoupling is provides to remove the 
intermediate- and low-frequency components of the signal and to 
provide a suitable time constant. 

Supposing it is desired that an increase in signal strength of 60 db 
above the operational point should cause en increase of 6 db in receiver 
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FIG. 10.—TYPI CAL 
AUTOMATIC-GAIN-CON-
TROL PERFORMANCE 
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output, then if the delay voltage is x, the peak signal voltage must also 
be x at the operational point. When the signal strength rises by 60 db, 
the signal level at the diode will rise by 6 db and the delay voltage will be 
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exceeded by x, and this is used to reduce the gain of the control stages by 
54 db. 
Now supposing the delay voltage is increased to 2x and additional 

intermediate-frequency gain introduced so that the operational point is 
unchanged in terms of signal input. An increase of signal level of 6 db 
at the diode will now produce 2x control volts, and the original reduction 
in gain a 54 db will be sibstantially increased. 

It will be seen, then, that the performance of the automatic-gain-
control system depends upon the delay voltage. 
The simple scheme as described has two rriain disaavantages: first; 

it is difficult to obtain the high level necessary in the intermediate-
frequency amplifier • without experiencing overload troubles; and, 
secondly, as there is direct coupling between the signal and automatic-
gain-control diodes t'Atre is a danger of the automatic-gain-control 
circuits being operated by the beat-frequency oscillator unless the level 
is kept low, in which case strong continuous-wave signals may not be 
fully modulated. 

These disadvantages can be overcome by feeding the automatic-gain-
control diode from a separate valve, whose input is in parallel with that 
of the last intermediate-frequency valve. 

In Fig. 10 are shown automatic-gain-control performance curves for 
three receivers with identical circuitry from the first frequency changer 
onwards, but with different radio-frequency amplifiers. Fig. 11 shows 
the result of analysing Fig. 10 in terms of signal-to-noise ratio, and it 
will be noticed that one radio-frequency stage shows an appreciable 
improvement compared with no radio-frequency stage, but that the 
addition of a further radio-frequency stage shows little improvement in 
signal-to-noise ratio at the frequency considered. 

A TYPICAL RECEIVER DESIGN 

It will be of value to discuss the main features of a typical modern 
double-conversion communication receiver, though it should be 
appreciated that considerable variations may be met in practice. 
A skeleton circuit is shown in Fig. 12, and it will be noted that it is a 

double superheterodyne. The first intermediate frequency is centred at. 
1.2 Me/s to give a high value of image signal protection, and the second 
intermediate frequency is 100 kc/s and provides the main adjacent 
channel selectivity. Continuous tuning is provided by ganging the 
signal-frequency circuits to that of the variable first oscillator, but up 
to a maximum of six preset frequencies are available by substituting 
a crystal oscillator for the variable oscillator. 

Rs lio-frequency Circuit Design 

It is advantageous to cover the whole frequency range in as many 
bands as is practical, for. the following reasons: 

(1) fhe circuit impedances are subject to less variation and are 
higher than when fewer bands are used. This is of particular value 
at the higher frequencies, where it is normally difficult to make the 
first-circuit noise high in comparison with the first-valve noise. 
It is also easier to obtain the stage gain necessary so that the 
relatively high raixep noise does not degrade the signal-to-noise 
ratio . 
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S.F.I -0« 

VAR. 
01  

XTAL p 
01  

DET. AMR  

 _t_  
—1-1 SIGNAL 

DET. 
100 icc/3 

1.2 Mc/3 

A.F.1 A.F.2 

FIG. 12.—BLOCK DIAGRAM OF A TYPICAL DOUBLE SUPERHETERODYNE 
COMMUNICATION RECEIVER. 

(2). Misganging errors are minimized. 
(3) The calibration scale is more open, and can be- read to a 

greater degree of accuracy. 

It follows, of course, that the stray circuit capacitance should • be 
kept as low aá possible. This involves detailed attention to the 
mechanical layout and run of wiring, but it should not be difficult to 
attain a figure of 40 pF for the stray capacitances, so that using a 
variable capacitor of 164 pF sweep, a range factor of 2 to 1 can be 
obtained. Allowance must be made for the parallel trimming capacitors 
and for adequate overlaps between ranges. 
The coils used have adjustable dust-iron cores to facilitate ganging, 

and should have a high-Q value so as to maintain a high circuit 
impedance and to provide the minimum response to the image signal. A 
free coil may have a Q value of 100, but the effect of the wiring, switches, 
etc., can reduce the Q to 50, and in the case of the input circuit this can 
be further reduced to 25 by the aerial damping. There is little point, 
then, in devoting effort to the design of a high-Q coil unless attention is 
paid also to the associated circuitry. 

For best performance, two radio-frequency stages of amplification 
are normally used; this has the effect of ensuring that the gain is 
sufficient to mask the mixer noise and that the number of tuned 
circuits provides a good value of image-signal protection. If the circuit 
impedances are high, two radio-frequency stages may not show much 
improvement over one radio-frequency stage in the matter of sensitivity, 
the only gain being in image-signal protection. It is possible, of course, 
to couple two tuned circuits together without the aid of a valve, but it is 
difficult to maintain the correct coupling over a frequency band, and 
valve coupling is much easier. 
A four-gang capacitor tunes the two radio-frequency stages, the 

mixer and the oscillator, circuits simultaneously. The coils not in use 
are shorted out, so that unwanted resonance effects are avoided. Auto-
matic gain control is applied to the second radio-frequency amplifier 
stage, which is a variable-mu type valve. The first stage has a short-
grid-base valve of low noise equivelent. 
The variable first oscillator uses a tuned-anode circuit, and is coupled 

through a small capacitor (C26) to the pentagrid mixer; alternatively, a 
triode hèxode could, of course, be used as a mixer. When using the 
crystal oscillator, the variable oscillator stage is used as an amplifier or 
as a multiplier at the higher frequencies. 
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TABLE 2.-FREQUENCY COVERAGE OF TYPICAL RECEIVER 

Band Nominal (McIs) Actual including 
Overlaps (McIs) 

1 
2 
3 
4 
5 

1.5-2.75 
2-75-5.0 

9.0-16.5 
16.5-30 

1.425-2.89 
2.61-5.25 
4.75-9.45 
8.55-17.3 
15-7-31.5 

VALVE AND COMPONENT DATA, SEE FIG• 13. 

Valve Types. 
VI CV138 V5 CV131 V9 CV2136 VIS CV131 
V2 CV131 V6 CV131 V10 CV138 V14 CV131 
VS CV453 V7 CV140 VII CV138. V15 CV216 
V4 CV453 V8 CV138 V12 CVOS 

%More. 
RI 22 1119 100 1137 47k R55 75 
112 330 1120 22k R38 lk R56 100k 
113 47k 1121 33k 1139 470k 1157 150k 
114 lOk R22 10k 1140 270 R58 470k 
115 47k 1123 47k R41 4.7k 1159 100 
116 22 R24 lk 1142 47k 1100 330 
117 330 1126 100 1143 560 R61 47k 
118 47k 1120 47k 1144 3-3 1162 10k 
119 10k 1127 10k 1145 68k 1163 1M 
RIO 22 1128 2-2M 1146 47k 1164 100k 
R11 330 It 29 3.331 1147 88k 1165 10k 
1112 22 1130 100 1148 22k 116e 150k 
R13 22k )131 330 1149 47k R87 33k 
1114 33k 1182 47k R50 lk 1168 22k 
1115 10k 11.38 10k R51 30k 1169 33k 
R16 100 1134 47k 1152 22 R70 100 
1117 47k 1135 220k R53 22 1171 47k 
1118 330 1136 47k 1154 10k R72 3.9k 

Capacitors. 
Cl-05 3-30 pF 082 0.1 C56 4/0 pF C78 164 pF 
CO 164 pF C33 100 pF C57 2 sweep 

sweep 034 0.1 068 0-1 C79 100 pF 
CT 0.01 C35 0.1 069 0.1 080 270 pF 
C8 0.01 086 1130 pF 060 0-1 C81 3-10 pF 
CO 0.01 087 330 pF C61 0.1 C82 0.1 
C10- 088 0.01 C62 47 pF C83 100 pF 
C14 3-30 pF 039 0.1 063 22 pF 084 0.1 

C15 164 pF C40 04 C84 0.01 C85 0.1 
sweep Cil 0.1 C65 108 pF C86 0.1 

016 0.01 042 330 pF C68 100 pF C87 330 pF 
017 0.01 C43 330 pF 007 3-30 pF C88 330 pF 
C18 0.01 C44 0.01 C68 2,700 pF C89 470 pF 
C19- 045 0.1 C89 3-30 pF C90 0.2 
C23 3-30 pF 046 0.1 C70 1,500 e C91 0.5 

C24 164 pF C47 0.1 071 3-30 pF 092 0-1 
sweep C48 880 pr C72 876 pF C93 1,000 pF 

C25 0.01 C49 330 pF C73 3-30 pr. 094 100 e 
026 10 pF C50 220 pF 074 485 pF C95 22 pF 
C27 0.01 C51 220 pF C75 8-30 pF 090 0.1 
028 04 C52 0.01 C76 270 pF C97 0.1 
029 564 pF 053 2 C77 Temperature C98 8 
C30 560 pF C54 2 compensator CA9 8 
C31 0-01 C55 0.01 C100 0.01 
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Fie. 14.—SECOND INTER-
MEDIATE-YREQUENCY RESPONSE 

CuRvie. 

O • 10 

< • 20 
The intermediate- fre-

quency output from the first z 30 
mixer at 1.2 Mc/s is taken to e"- 40 
the second mixer via the < so 
double-tuned circuits (IFT1). _a 
The second oscillator is vari-
able to the extent of ± 5 kc/s, 
and tli¡s provides the band. 
spread control. 
The second intermediate-

frequency amplifier employs 
two variable-mu valve stages 
and a total of six tuned circuits. Two degrees of coupling provide 
band-widths of 1.5 kc/s for telegraphy and 6 licis for telephony. The 
mid-frequency is 100 kc/s, and is sufficiently low to enable good 
selectivity to be obtained without the use of a crystal-gate. 

RESPONSE OF IF 2: 
NARROW 

WIDE 

-10-8-6-4-2 0+2 +4 +6 +8 +10 
FREQUENCY IN Kcis 
RELATIVE TO 100 Kr./s 

Audio-frequency Stages 

Diode detection is used, the load being provided by R35, and the 
intermediate-frequency filter by R34, tegether with capacitors C50 and 
051. The degree of intermediate-frequency filtering must not be so 
high as to affect the modulation frequencies. The output from the 
signal diode is taken to the first audio-frequency stage via the audio-
frequency gain control (RV1) and thence to the output stage. Three 
audio-frequency outputs are shown, these being for loudspeaker, 600-
ohm line and headphone monitoring The line output is normally 
limited to about 10 mW, as the maximum line level permitted by the 
G.P.O. is about 5 mW. 
A separate beat-frequency oscillator is coupled to the signal detector 

for continuous-wave reception, and is pre-set to give a beat note of 1 kc/s. 
An aútomatic-gain-control amplifier feeds the automatic-gain-control 

detector, the delay voltage being supplied by the potentiometer formed 
by R85 and R66, and the time-constant being selected by the switch 
SWD. The time-constants cheseh are 0.2 seconds for telephony and 
0.5 seconds for telegraphy. Resistance values for R63 and R64 are 
1 MO and 100 kfl respectively, so that there is no appreciable difference 
between the " on " and the " off " time-constants. If a short " on " timo-
constant is used, a strong noise element can operate.the automatic-gain-
control system, so that several telegraph characters may be rendered 
inaudible, even though the duration of the noise element may be so 
short that the noise itself cannot be heard. 
The manual gain control operates on both the radio-frequency and 

intermediate-frequency amplifiers simultaneously. A separate radio-
frequency gain control is sometimes adopted, and is particularly useful 
in preventing cross-modulation due to strong signals; such a control is 
frequently misused, however, and aauses degradation of the signal-to-
noise ratio, so that on balance it b probably best omitted. 
The power supply is convenConal; it uses a metal rectifier on the 



22-22 RADIO AND TELEVISION REFERENCE BOOK 

score of economy of maintenance as compared with a valve rectifier. 
The smoothed. H.T. is about 250 volts, and is stabilized for supply to the 
oscillators and automatic-gain-control delay potential. 

In common-frequency, spaced-aerial diversity working, it i.: usual to 
common the automatic-gain-control systems, so that the receiver with 
the strongest signal controls the gain of the other receiver, or receivers, 
and reduces the unwanted noise: It is also advantageous to use à 
common first-frequency-change oscillator, as this simplifies the location 
of the signal and subsequent monitoring. 
The receiver circuit as given in Fig. 13 is intentionally simple for ease 

of presentation, obviously it can be elaborated by the additión of more 
intermediate-frequency pass-bands, a distortionless audio-frequency 
amplifier, valve-feed metering and the like. 

Estimated Performance 

The following information gives guidance as to the standard of per-
formance that could be expected in practice with this receiver: 

(1) Noise Factor.—Band 1, 4 db ; Band 2, 4 db ; Band 3, 5 db ; 
Band 4, 8-5 db ; Band 5, 9 db. 

(2) Signal-to-noise Ratio.—(a) Signals modulated 30 per cent at 
400 c/s to give 10 db signal-to-noise ratio with a pass-band of 6 ke/s, 

(b) Continuous-wave signals to give 20 db signal-to-noise ratio 
with a pass-band of 1.5 Kc/s. 

Band Signals as ( a) Signals as (b) 

1 
2 
3 
4 
5 

•1-45 µV 
1-45 µV 
1-6 p.V 
1-9 µV 
2-6 1.1V 

A-7 IS 
0-7 µV 
0-8 AT 
0-9 µV 
1-2 /LV 

(3) Image Protection.—Band 1, 100 db; Band 2, 100 db at 
2-75 Mc/s, 85 db at 5 Mc /a ; Band 3, 95 db at 5 Mc /s, 72 db at 
9 Mc/s; Band 4, 80 db at 9 Mo/a, 50 db at 16-5 Mcis; Band5, 
50 db at 18-5 Mc/s, 35 db at 30 Mc /s. 

(4) Automcdic-gain-control.—Two time constants-0-2 and 0-5. 
seconds. The action of the automatic-gain-control is such that if 
the inputs given in (2) above are increased by 60 db the output 
will increase by approximately 7 db. 

(5) Input Impedance-75-ohms, unbalanced. 
(6) Audio Output.-1-watt into 3 ohms; 10 mW intb 800 ohms. 
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23. VALVES 

The thermionic valve or tube in its present form owes its origin to a 
number of basic discoveries and much organized research; there are, 
however, three contributions of a fundamental character. Edison, in 
1883, noticed that certain substances when heated in a vacuum emitted 
electrons, and that. these particles could be attracted by an electrode 
held at a potential positive in respect to the emitter. Then, in 1904, 
J. A. Fleming applied this effect, for the first time, to radio communica-
tion, and thus discovered the thermionie diode detector. In 1907 Lee 
de Forest conceived the idea of interposing a grid between the emitter 
(called the cathode) and the collector (anode), which enabled the valve 
to be used, for the first time, as an amplifier, since by suitable arrange-
ment a change of voltage at the grid produced a corresponding but 
greater change of voltage at the anode. The 1914-18 war gave con-
siderable impetus to valve design, and marked the first steps towards 
achieving consistency of characteristics between similar types of valves. 
A steady increase in efficiency, reliability and type specialization to meet 
particular requirements has followed. 

CONSTRUCTION 

Thermionic emission is dependent upon the property exhibited by 
certain materials of throwing off electrons when heated to a suitable 
temperature. A metal unaided by chemical coating, such as tungsten, 
must be raised to a temperature of about 2,000° C. (approaching white 
heat) before worth-while emission occurs; it is usual therefore to use a 
wire or, in the case of an indirectly heated valve, a fine-gauge tube 
coated with chemicals which emit electrons at a more convenient 
temperature, namely at about 800° C. Pure tungsten has a maximum 
emission of the order of 4 mA for each watt of cathode heating. Owing 
to the absence of any activating agent, a pure tungsten cathode cannot 
be poisoned or de-activated. 
In practice, a number of highly emissive coatings are 'used: the 

chemicals associated with low-temperature emission are barium and 
strontium oxides. 

Thoriated tungsten, produced by the addition of thorium and ,rbon, 
is designed to be heated to approximately 1,600° C. with an emission of 
up to 30 mA /watt of cathode heating. It has the disadvantage that the 
thin layer of thorium formed on the surface of the cathode during 
manufacture may be destroyed by overheating or excessive emission, 
and for this reason the average emission should be of the order pf 
7.5 mA /watt. 
The oxide-coated cathode has a coating of alkaline-earth metals, 

mostly barium, deposited by dipping or spraying. The operating 
temperature may be as low as 700° C., with an emission figure of the 
• order of 200 mA /watt of cathode heating. For receiving valves a 
mixture of barium oxide and strontium oxide is common. The average 
D.C. cathode current for Class A operation should not exceed about 
20 mA /watt of cathode heating. 

23-s 
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It will thus be seen that the choice of cathode material depends upon: 
(1) obtaining the required emission at a working temperature that will 
net damage the cathode; (2) the material being easy to work; (3) it 
not being liable to chemical reactions during the life of the valve 
(" poisoning "). 

Filaments of directly heated valves are usually of nickel alloy, pure 
nickel or tungsten. For indirectly heated valves, the heaters are 
generally of tungsten wire, coated with magnesium oxide, which acts as 
insulation between heater and cathode. 

Heat Dissipation 

The heat generated by the impact of electrons at the surface of the 
anode and other electrodes must be continually removed by radiation, 
or conduction through the pins, as otherwise the temperature of the 
electrode will rise progressively until it is destroyed, or will cause 
excessive liberation of gas which may poison the cathode or affect the 
vacuum. In order to increase the radiation, the anode is made with as 
large a surface area as possible; where the dissipation is considerable 
this area may be increased by the use of projecting fins on the anode, or 
by the use of wire mesh, or—for large transmitting types—by air- or 
water-cooling. Radiation may also be improved by darkening the 
surface. The anodes of most low-power valves are made of nickel or 

FIG. 1.—TRENDS IN VALVE DESIGN. 

Trends in the design of valves for low-power applications can be seen in this 
illustration. The earlier pinch- type construction of the EF38 and EF37 ha tended 
to give way to the miniature all-glass construction of the EF91, DF91 and later types 

(.11Iullard Ltd.) 
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TABLE 1.—CLASSrEICATION 011' VALVES 

Number of Electrodes Claudflcation 

2 
3 
4 
5 
6 
7 

Diode 
Triode 
Tetrode 
Pentode 
Hexodo 
Heptode 
Octode 

nickel plated iron. Carbon may be used for valves requiring heavier 
dissipation. Transmitting valves may use tantalum, as this metal— 
unlike most others—tends to absorb rather than liberate gas when 
operating at high temperatures. 
The anode dissipation under no-signal conditions is equal to the anode 

current multiplied by the anode voltage (and-is thus equal to the power 
input to the anode circuit). When a signal is applied, the anode dissipa-
tion is equal to the difference between the power fed to the anode 
circuit and the power dissipated in the load. 

Sat ming 

To prevent stray electrons from producing unwanted coupling, 
particularly in multiple valves, it is necessary to fit screens between the 
electrode systems, or between electrode connections. Stray electrons 
may also strike the walls of the envelope and cause secondary emission. 
To minimize this the inner surface of the envelope is often coated with 
carbon, which has a low secondary emission factor. 
To prevent external fields from affecting the valve characteristics, 

many valves have external coatings of ti metallic material such as 
copper or zinc. This coating is painted on the outside of the envelope, 
and may he protected by a coating of lacquer. Where the valve is 
required to dissipate a fair amount of heat, the metallizing may be 
limited to the lower part of the envelope. The trend of design is to use 
an internal screening cage rather than external coating. This cage inlay 
take the form of a wire-mesh cylinder completely surrounding the 
electrode assembly, and replaces both the external coating and the 
internal carbonizing. 

Gettering 

In order to provide as near a vacuum as possible, the valve is heated 
by passing it through a heated chamber, and by the use of high-fre-
quency heating, while the air is being withdrawn. Even with these 
precautions, however, a small amount of gas may remain occluded in 
the assembly, and this may later be released when the valve is put into 
operation. 
To remove the last traces of free gas, a little barium or magnesium is 

usually evaporated within the envelope just before sealing. The getter, 
as this material is called, is fired by means of high-frequency eddy 
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currents, and after evaporation condenses on the envelope near the 
getter-holder, a small metal holder welded to the electrode assembly. 
It is important that as little as possible of the deposit falls on the valve 
insulation. 

Base Construction 

For many years the electrode assemblies were built up around a glass 
" foot ", with the electrode supports and electrode connecting wires 
pinched into this tube. In order to make air-tight seals, the lead-in 
wires were of composite construction, with the section forming the seal 
made of a material having a similar coefficient of expansion to glass, 
The modern trend, however, for receiving valves is to use a pressed-

glass base with sturdy wires moulded into the glass base of the valve and 
serving both as lead-in wires and valve pine. 

VALVE FUNDAMENTALS 

Diodes 

The diode is a two-electrode valve having a cathode and anode. 
Providing that the cathode is raised to emission temperature and the 
anode held at a suitable positive poten.tial, electrons will flow Lena 
cathode to anode, and back through the power supply to the cathode. 
The value of this current will be affected by cathode temperature and 
anode potential. Over a certain range, at a given cathode temperature, 
the change of anode current will be directly proportional to the change 
of anode potential. After a certain anode potential has been reached. 
no further increase in current will occur; this is known as saturation 
point. 

It is, however, important to take into account " contact potential ", 
which has the effect that voltages applied externally to the valve will 
not be the same as those present across the electron stream within the 
valve. This means that in practice electrons will flow from cathode to 

FIG. 2.--Snowiso How THE 
ANODE CURRENT IN A DIODE 
VALVE DEPENDS UPON THE 
ANODE VOLTAGE AND THE 
CATHODE TEMPERATURE. 

(Typical 2- volt filament valve.) 

+SO +100 
ANODE VOLTS 

+150 
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FIG. 3. CHANGE or ANODE 

CURRENT WITH CHANGE OF 

ANODE VOLTAGE. 

Showing that the anode current 
may start when the anode is 
slightly negative. 

anode when the latter is 

o + 
ANODE VOLTS 

+ 2 

apparently slightly negative 
to the former. This is shown 
in Fig. 3, where current 
commences to flow when the 
external voltage difference 
between cathode and anode • 
is 0.5 volt negative. 
A diode tube, because of 

its unidirectional conductive 
quality, can rectify an A.C. 
signal and, if the signal is 

modulated, act as a detector by superimposing the modulation on the 
D.C. resulting from the rectification. 
Diode valves for power rectification are described more fully in 

Section 25. 

Triodes 

The triode is in effect a diode valve with an electrode of open con-
struction interposed between cathode and anode; as this electrode is 
placed closer to the cathode than the anode-it exercises greater control, 
thus enabling the valve to function as .an amplifier. This greater 
control means that a change of voltage applied to the grid will cause a 
greater change of anode current than would be bréught about by a 
similar change in anode voltage. Fig. 8 shows pictorially the effect 
of grid potential on the electron stream: (a) electron stream when the 
grid is at cathode potential; (b) with the grid at a normal negative bias 
voltage; and (c) with sufficient negative bias to cut-eft' the passage of 
electrons. By plotting the value of anode current for various grid 

TUNED 
R.!. INPUT 

Flo. 4.-1'1:MI-PULL DIODE 
DETECTOR. 

Fro. 5.—DIODE DETECTOR AS 
PrtasE-smarrEn. 
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b (c (a) 

FIG. 6.-110IV THE GRID 
CONTROLS THE ELECTRON 

STREAM. 

(a) No bias; (b) working 
bias; (v) high negative bias. 

voltages at fixed anode voltages, a static characteristic curve can be 
obtained. The curve of a typical triode is shown in Fig. 7, which gives 
the value of anode current for any value of grid voltage under conditions 
of three selected anode voltages. 

It is informative, in this example, to compare the relative influence 
of grid and anode voltage upon anode current. A change of anode 
voltage from 50 to 150, at zero bias, changes the anode current from 3 to 
10 mA, which is a change of approximately 0-07 mA/volt. On the 
other hand, with an anode voltage of 100 volts, the valve passes 8.5 mA 
at zero grid bias and 3-5 mA at 1 volt negative bias; thus a change of 
1 grid volt has brought about a change of 3 mA. It will be obvious 
that if the figure of 0-07 (the change of current due to a change of 
1 anode volt) is divided into 3 (the change due to a change of 1 grid volt). 
the figure so obtained will indicate 
the superiority of the grid over the  io 

/ 4715e' 

anode, and this is termed the amp-
lification factor of the valve. It should  9 
be noted, however, that the amplifi-
cation factor calculated in this way 
is not necessarily the magnification of  s 
the valve when used in an amplifying 

VI stage, as it does not take into account 
the associated circuit components. 
The amplification factor of triode 1 
valves varies from about 3 to 100:  6 1 

medium-µ types; and below 8 as 

acteristics of impedance and elope. 
Impedance is the equivalent A.C. 
resistance of the electron stream and, 
like any other variant of Ohm's 

low-p. types. 

used to ascertain the related char-

Law, anode impedance can be ascer-

The figures given above may be 

_e 

/  3 C; 

valves with an amplification factor ¡ 
above about 30 are usually known 
as high-s types; from 8 to 30 as S 

a 

a 
z 

tamed by the effect of voltage on 
current, and is thus arrived at by 
dividing a selected change of anode 
volts by the resultant change in -4 -3 -2 -I o 
anode current: in this case 1 volt GRID VOLTS 
divided by 0.001107 amperes, or FIG. 7.—CHARACTERISTIO CURVE 
approximately 14,300 ohms. OP A TYPICAL SMALL TRIODE. 
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Slope, or mutual conductance, can be ascertained by a direct inspec-
tion of the curve, or by combining the impedance and amplification 
factor. Slope is a means of annotating directly the change of anode 
current to be expected from a stated change of grid voltage, and is 
expressed as so many milliamperes change for a change of 1 volt. Thus 
in Fig. 7, a change from zero .o 1 grid volt will change the anode current 
(at an anode voltage of 100) from 6-5 to 3-5 rnA, or a change of 3 mA/ 
volt. It should be noted that the mutual conductance, which gives 
a measure of the efficiency of the valve, will vary with different anode 
voltages. For example, in the curves of Fig. 7 it will be seen that with 
an anode voltage of 50, a change from zero to 1 grid volt only brings 
about a change of 2:1 mA, whereas at 150 anode volts, the change is 

3-3 inA. 
We thus have the following relationships: 

Mutual conductance = 

Arrplification factor = 

Anode impedance = r„ = 

x 1,000 inA /volt 
r„ 

x r. 
1,000 

x 1,000 ohms. 

While mutual conductance is a direct indication of the efficiency of a 
valve under stated conditions, amplification factor means little unless 
impedance is taken into account. For example, a valve with an 
impedance of 30,000 ohms and an amplification factor of 90 still has a 
slope of 3 mA /volt, so that no advantage has been gained by doubling 
the amplification factor, unless the circuit conditions are such that a 
valve of higher impedance can be used to greater advantage. 
American manufacturers use the term transconductance instead of 

mütual conductance: this gives the same indication of valve efficiency, 
but is derived from the ability of the electron stream to conduct, rather 
than—as in the case of mutual conductance—to oppose, and is thus 
given not in mA /volt but in micromhos. Transconductance is obtained 
by dividing the change of anode current by the change of grid voltage. 
Thus in the example given the transconductance is 3,000 . micromhos. 
To convert transconductance to mutual conductance, divide the 
number of micromhos by 1,000; this gives the answer in mA /volt. 
The static characteristic of a valve shows the relation between the 

steady voltage applied to the grid and the anode current, when the 
anode veltage is kept constant, or it may show the relation between 
anode vuitage and anode current when the grid voltage is kept constant. 
A dynamic characteristic, however, shows the performance of a valve 
under working conditions when alternating voltages aro being applied 
to the grid: 

Interelectrode Capacitances 

Each pair of électrodes in a valve forms a small capacitor. Although 
these capacitances are small—seldom more than a few picofarads—they 
can have a considerable effect upon the performance of the valve as an 
amplifier. 
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The input capacitance of a valve, that is the effective capacitance 
" seen " by a signal source connected across the grid and the cathode is— 
owing to the Miller effect—considerably larger than the grid-cathode 
capacitance; this is because the signal must supply the capacitive 
current which flows from grid-to-anode and which is directly propor-
tional to the sum of the A.C. grid and A.C. anode voltages; and this, 
in turn, will depend upon the voltage amplification of the valve. The 
input capacitance of a high-mu valve may amount to several hundred 
picofarads. 
The input capacitance of a triode is thus: 

Cinput = Cgk Cg.(A ± 1) 

where C ek is the grid to cathode capacitance, C, is the grid-to-anode 
capacitance, and A is the voltage amplification of the valve. 
The reactances of the small interelectrode capacitances drop to a low 

figure at radio frequencies. • A resistance-coupled amplifier, for example, 
is of comparatively little use at radio frequencies, since the input and 
output circuits are in effect short-circuited by these capacitances. 
This difficulty can be overcome by making the valve capacitances part 
of the tuning capacitances by substituting tuned circuits in place of the 
resistive loads. 
A further difficulty then arises at radio frequencies in that the grid-

anode capacitance forms a coupling capacitor between anode and grid 
circuits. Energy fed back via this path from the anode to the grid will 
generally be in the form of positive feedback, and will thus cause 
oscillation. 

Limitations of Triode Amplification 

The amplification factor of a triode valve is governed by the distance 
of the grid from the filament, and by the spacing of the grid wires: 
a close-mesh grid exercising greater control over the electrons than one 
of coarser construction having wires spaced relatively far apart. Un-
fortunately, however, as the mesh of the grid is increased, certain 
difficulties tend to arise. 

Firstly, the area of the grid electrode will increase, and thus increase 
the inter-electrodo capacitances. 

Secondly, not all the electrons emitted by the cathode reach the anoae, 
and these, together with any electrons repelled by a negatively charged 
grid, tend to accumulate in the space between the cathode and the grid, 
giving rise to what is known as the " space charge ". The fresh electrons 
emitted by the cathode have to break through this charge in order to 
reach the anode. Since a closely-wound grid exercises more control 
over the electron .flow, it will tend to drive a greater number back, thus 
increasing the magnitude of the space charge and impeding the cathode-
anode flow. 

Tetrodes 

The limitations of the triode can be overcome by inserting a further 
grid between the control grid and the anode; this grid acts as. an 
electrostatic shield, and thus greatly reduces the capacitative coupling 
between grid and anode; furthermore, by connecting a positive potential 
on this electrode, it will assist in attracting electrons from the cathode, 
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to  and thus help to overcome the 
GI'  space charge. By the time 

9 the electrons reach the second 
grid (screen grid), they are 

e  travelling sufficiently fast for 
—.- v.--1 < most of them to pass through 
a 7  and strike the anode. By thus — 
I- overcoming the limitations of 
lt4  6 the triode, the control grid can z  

be made of much finer mesh, IX 

Du  5  so that the amplification 
factor- may exceed 1,000. 

8 VG-2 In its turn, however, the . 4   

z   tetrode valve has a charac-
< 3 teristic which severely limits 

its use. This is shown by con-
sidering the typical charac-
teristic curve shown in Fig. 8. 
If the screen voltage is kept 
constant whilst the anode 

O 25 50 75 100 125 150 ns 200 voltage is increased from zero, 
ANODE VOLTS the anode current rises in it 

normal manner until the anode Flo. 8.—CHARACTERISTIC C/TEVE OF 
TYPICAL SCREEN-GSID VALVE. voltage reaches approximately 

20 volte. The anode current 
then falls until the anode volt-

age reaches approximately 80 volts. If the anode voltage is further 
increased, the current begins to rise again until a saturation value is 
reached. 

This kink is caused by the fact that when an electron travelling at 
considerable velocity strikes the anode, the force of the impact dis-
lodges other electrons into the inter-electrode space; this is termed 
secondary emission. In the triode valve these electrons are repelled by 

VG-

SE AIN-FOR At ING 

CATHODE 
CAW 
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FIG. 9.---BeAm TETSODS 
VALVE. 

(R.C.A.). 
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the negative grid and fall back on to the anode, and thus have no 
effect on the valve characteristics. In the tetrode, however, the 
positively charged screen will attract these electrons, unless the anode 
voltage is greater than the screen voltage, thus causing a reverse current 
to flow between anode and screen. 
The effects of secondary emission may be overcome either by the 

introduction of a further grid (see below) or by the insertion of beam. 
forming plates. In such valves, known as ' beam tetrodes ", the 
electrons emitted by the cathode are directed to those parts of the anode 
which are at a critical distance from the other electrodes. 
A variable-mu valve is one in which the mutual conductance varies 

smoothly with changes in grid bias. 
The pitch of the control grid wire in an ordinary screen:grid valve 

is constant throughout, whereas the pitch of the wire at one end of the 
control grid of a variable-Mu valve is different from that at the other end. 
The degree of control over the anode current depends upon the closeness 
of the mesh or pitch of the wires forming the grid. The, closer the grid 
wires, the greater will be the control exorcised by the grid, and with it 
tho mutual conductance of the valve. It follows, therefore, that with 
the variable-mu valve the degree of control, and thus the mutual con-
ductance, will be different on different portions of the cathode stream 
emerging from the cathode. 

Pentodes 

The kink in the characteristic of the totrode valve, caused by 
secondary emission, may be eliminated by inserting a further grid 
between the screen grid and tho anode. This electrode, knbwn as the 
suppressor grid, is—for most applications—connected to cathode 
potential, thus making it negative with respect to anode, and repelling 
the electrons dislodged from the anode by secondary emission. 

Frequency Conversion 

The prime essential required before a valve can act as a frequency 
converter is that it should operate over a non-linear portion of its 
characteristic. From this it may be inferred that any valve that is 
capable of detection is also capable of frequency conversion. Howevoi, 
not all valves are equally efficient for this purpose : useful measures of 
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their relative efficiencies are provided by the conversion conductance and 
convention gain. Conyersion conductance (g.,) is the ratio of the 
required beat-frequency component in the output current to the signal-
input voltage, and is generally stated in units of /LA/volt. Conversion 
gain is the ratio of the beat-frequency output voltage to the signal-
frequency input voltage. 

There are also a number of other factors that determine the suitability 
of valves for frequency conversion. These include: the noise con-
tributed by the valve must be as low as possible if weak signals are 
involved (frequency converters contribute considerably greater noise 
than straight amplifying stages) ; the conversion efficiency over the 
frequency range concerned should not depend too critically upon the 
local oscillator injection voltage, nor should too great an injection 
voltage be required (otherwise the design of a stable local oscillator may 
be rendered difficult) ; cross-modulation must not occur in the valve; 
" pulling " of the local oscillator frequency by alteration of the signal-
frequency circuits or by changes in valve potential should be as email as 
possible. 

Valve Noise 

Noise voltages which are generated in a valve amplifier include three 
main types: Thermal agitation (" Johnson " noise) ; shot effect; and 
indue 4 grid noise. 
AL these factors include frequency components throughout the entire 

fr,..quency spectrum, and the amount of noise is therefore affected by the 
band-width. 

Thermal Agitation.—At any instant, due to the random motion of 
electrons in a oonductor, there are likely to be more free electrons 
moving in one direction than in the other; this causes a voltage drop 
across the conductor'. If the temperature of the conductor is now 
raised, the agitation of electrons in both directions increases, and the 
instantaneous currents are therefore greater. 
The value of the mean square voltage can be calculated (see 

Section 22). 
Shot Effect.—Shot effect is caused by irregular emission from the 

cathode. The electron flow in the anode circuit varies slightly in 
regard to the number of electrons reaching the anode from one instant 
to another, and also in the velocities of individual electrons. Although 
such noise is generated in the anode circuit, for convenience it is usual 
to consider it as an equivalent noise resistance, which, when connected 
in the grid circuit, would generate the same amount of noise. When a 
positive grid is placed in the electron path, the shot effect is magnified 

se the division of electrons is irregular. For this reason, pentodes 
and multi-grid valves are more noisy than triodes. 

Induced Noise.—Strong varying electromagnetic and electrostatic 
fleld,s may induce voltages and currents in resistors, leads, and in the 
valves. Irregularities in the flow of the electron stream may also induce 
current flow in the grid circuit. This is due to random variations in the 
transit of electrons from cathode to anode, and should be distinguished 
from electrons passing from cathode to grid. Stray fields external to 
the valve may produce noise effects by induction: long feed lines are 
particularly susceptible. In general, therefore, induced noise voltage is 
reduced by the use of low-impedance circi its, shielding, filtering and 
short leads. 
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SPECIAL TYPES OF VALVES 

Valves for Television Reception 

Since the opening of the B.B.C. high-definition service in 1936, the 
requirements of V.H.F. television have led to the introduction of a 
number of new types of valves. Radio-frequency pentodes with a elope 
of about 7.5 mA /volt were soon introduced, the relatively high input 
capacitance being of less consequence than for narrow-band-width 
applications. Post-war improvements have included the reduction of 
microphony, better cathode-to-heater insulation for series-heater 
operation, and improved line-output valves capable of withstanding 
peak forward anode voltages and of passing high abode currents at low 
anode voltages. Special E.H.T. rectifiers with heaters designed to 
be fed with the peaky waveform derived from the line-output trans-
former, and booster diodes capable of withstanding high peak cathode-
heater voltages are available. Much has been achieved in the production 
. of a restricted range of valves suitable for a wide range of app'cations in 
a normal domestic television receiver, in order to reduce the number of 
different types that would otherwise be necessary. The choice of valves 
for television is discussed further in Section 15. 

Frame-grid Valves 

Improved sensitivity and performance of V.H.F. radio and television 
receivers is possible with recent valves designed for use in cascode 
amplifier stages. These valves, which use what is known as a frame-
grid, have a mptual conductance of about 12 mA/volt compared with 
the 6 rnA/volt or so of conventional valves and make possible a corre-
spondingly higher " figure of merit ". The high efficiency of grid control 
necessary to achieve these characteristics is obtained by winding the 
grids as a very close mesh of extremely thin wires and siting them much 
closer to the cathodes than in earlier valves. If inter-electrode short-
circuits are to be avoided, this calls for precision manufacture of a high 
order. For example, the main rods, which are much stouter than usual, 
may be drawn to size within the close limits of 0.005 mm. This en-
ables the grid winding to consist of two exactly parallel flat meshes of 
taut, very thin wires. A higher order of accuracy is also necessary in 
the location of thé cathode and the spacing micas. The assembly and 
inspection of these valves are carried out under microscopes, with large 
images of the components projected optically on to a large drawing. 

Ceramic Valves 

In recent years ceramic instead of glees has been used for valve 
envelopes, particularly for transmitting purposes. - This increases the 
mechanical strength, allows smaller size for a given power dissipation 
and enables the valve to ourate at higher ambient temperature. It is 
also claimed that more effective de-gassing is possible during manufac-
ture, permitting greater emission for pulse operation. Ceramics have 
also been used to replace the mica spacers in the valve assembly. 
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Typical maximum operating temperatures of low-power ceramic 
valves are in the region 180-250° C. 

Special Service Valves 
For applications where a high degree of valve reliability under adverse 

operating conditions is essential, a restricted range of" special service" 
valves has been introduced by a number of manufacturers. These 
valves are electrically similar to a number of standard types, but use 
improved mechanical' structures, designed to give better electrode and 
getter support, and are manufactured by selected personnel to finer 
tolerances, under dhst-free conditions; during manufacture they are 
subjected •to more rigid inspection and testing than would be 
economically possible for standard types. 

•FIO. I.—CONSTRUCTIONAL FEAT-
URES Or A TYPICAL SPECIAL 

SERVICE VALVE. 
A—Double getter supports to prevent 

resonant vibration and to reduce 
microphony. 

B—Double micas and pre-bent points 
to secure accurate location of 
We system within the bulb and 
minimize inter-electrode short-
circuiting. 

C—Eleetrodes strapped to micas to 
firmly lock the assembly. 

D—" Belled" cathode ends to improve 
heater-cathode insulation. 

E—Internal diameter of the bulb 
selected to give rigid assembly. 

F—Button seal selected to withstand 
thermal shock test and to mini-
mize strain in the glassware. 

(O.E.C.) 

Cold-cathode Valves 
Gas-filled, " cold-cathode " rectifier valves were introduced primarily 

for use in vibrator-type H.T. units. The valve consists of two anodes 
and a cathode coated with electron-emitting material, the envelope beinf 

filled with an inert gas at very low pressure. The name" cold-cathode 
is to some extent a misnomer, sume the cathode is heated, not by a 
heater wire, but by ionic bombardment. Ionization of the gas occurs 
between the cathode and the anode, which is at positive potential, but 
not between the cathode and the anode, which is at negative potential: 
rectification will thus occur. The voltage drop between anode and 
cathode is higher than with mercury-vapour rectifiers, owing to the loss 
of energy required to heat the cathode. Circuit arrangements must be 
such that sufficient current is drawn at all times to maintain the cathode 
at working temperature. 

Heaterless Valves 
The discovery that a thin layer of magnesium oxide can emit electrons 

under the influence of a positive charge near its surface has led to the 
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development of a new type of valve wi.ief has no continuously operat-
ing heater. To start the electron emission a small filament is at present 
fitted, but this may be eliminated in later designs. To provide the 
necéssary charge a positive potential is applied to the first grid. The 
future development of valves using this principle seems likely to prove 
of considerable importance. 

Gu-discharge Triodes 

The gas-discharge triode—or " Thyratron "—is different in theory 
and application from other forms of triode. The valve passes either 
unlimited anode current or no anode current- whntsoever: there are no 
graduations between these extremes. For each electrode structure 
there is a particular value of negative grid voltage that will cut off the 
anode current completely. When, however, the grid voltage is reduced 
below this critical figure, anode current flows—limited only by external 
circuit resistance. Once anode current has commenced to flow, the 
grid loses all control, and will not affect the value of anode current, 110 
matter how negative it may be made: anode current can be stopped 
only by breaking the anode circuit or by causing the anode to cease 
being positive with respect to the cathode. 

Gas-discharge triodes intended foi use as rectifiers or relays may 
contain mercury-vapour gas, and require an appreciable de-ionization 
time of the order of 100 microseconds to permit the grid to regain control 
after the anode current has ceased to flow. Valves intended for use 
in television or oscilloscope time-bases, however, usually contain 
argon gait, and have a de-ionization time of 10 microseconds or less; 
this can be further reduced by limiting the peak and mean anode 
current. 

VALVE OPERATING CONDITIONS 

The useful life of a valve is governed to a considere.bie extent by the 
conditions.under which it is operated. The following notes are based on 
" The Use of Electronic Valves" (British Standard Code of Practice 
OP 1005 : Parts 1 and 2 : 1954), on BS: 1106 ançl on the recom-
mendations of members of the British Radio Valve Manufacturers' 
Association. 

General.—Published ratings should be carefully observed, particularly 
in regard to maximum dissipation in the various electrodes. Apart 
from the application of incorrect potentials, excessive dissipation may be 
caused by incorrect tuning of associated circuits, unnecessarily high no-
signal currents or parasitic ceicillation in audio-frequency and radio. 
frequency stages. 

Healers and Filar« da.— Filament and heater voltages should 
generally be maintained within ± 7 per cent of the rated values. The 
heater current of valves connected in series should be maintained within 
± 5 per cent of the rated values. Thoriated-tungsten and oxide-coated 
filaments should be maintained within closer tolerances than the above 
figures: 5 per cent voltage fluctuations are permissible, but permanent 
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deviation from rated values will reduce valve life. Directly heated and 
indirectly heated valves having similar filament-current ratings should 
not be connected in series. 
With 2-volt filaments a tolerance of ± 10 per cent is permissible, 

though this may result in some variation of the valve characteristics. 
1-4-volt filaments are designed for use with dry-cell batteries having a 
rated terminal voltage of 1-5 volts, but when mains operation or 
accumulators are used, the voltage drop across each 1.4-volt section of 
filament should have a nominal value of 1.3 volts. It is important to 
note that with certain types of valves under-running the heater is as 
harmful as over-running. If the voltage at the filament or heater 
terminals rises by 7 per cent, the current will increase by considerably 
lees than this figure, since the resistance of the filament or heater 
increases as its temperature rises. 

Cathodes.--The maximum D.C. potential difference (i.e., A.C. peak 
value) between heater and cathode should be kept to a minimum. A 
D.C. path should exist between the cathode and each electrode and 
between the cathode and all internal and external screens. The heater-
cathode path should not be included either in the audio-frequency or 
radio-frequency circuit. A valve should not be rendered inoperative'by 
disconnecting the cathode unless ti ere is a resistor not exceeding 250,000 
ohms between heater and cathode. It is not good practice for the 
heater-dropping resistor to be common to bp% H.T. and heater supplies; 
this, however, is not important where the iesistor is of low value. 
Grida.—The resistance between the grid and cathode should be the 

minimum practicable. Typical figures are : radio-frequency pentodes 
and frequency changers—not greater than nun, or »MCI where auto-
matic bias circuits are used; mains-output valves-0.1Mfl, or 0.5M-2 
where automatic bias circuits are used; 1 P4 -volt battery valves are an 
exception, and values up to 10MD may be used in certain circum-
stances. Valves should not be run under conditions• which result in 
appreciable grid current, unless so specified. 

Screen Grtcle.—The voltage supply for the screen grids of frequency 
changers and beam tetrodes should be obtained from a potentiometer 
network, the resistor values being as low as possible to nrAvent undue 
variation of voltages. 
Mounting.—Ventilation should be adequate to ensure that bulb 

temperatures are not unduly high. Valves should preferably be 
mounted vertically with the base downwards. Where mounted hori-
zontally, the major axis of the first grid of indirectly heated valves of 
high mutual conductance and the plane of the filament of directly heated 
valves should be mounted vertically. Spare valve-base contacts should 
preferably not be used as connecting tags, and in no circumstances 

should pins shown as internally connected be so used. Valve-holders whichincorporate contacts should not have heavy wire connections 

made to them. Cushioned holders should be used where the valves 
would otherwise be subjected to continuous vibration. To reduce 
microphony, the chassis should not be rigidly fixed to the cabinet 
contaming the loudspeaker. The characteristics of valves placed in a 
strong magnetic field may be affected: miniature 1.4-volt valves, in 
particular, should not be mounted in close proximity to loudspeaker 
magnets. 

Rectifters.—An adequate limiting resistance should always be placed 
in series with a rectifying valve used in conjunction with a capacitor-
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input smoothing filter. The life of a rectifier operating near its 
maximum current rating can be seriously affected if the heater is under-
run. 
Mercury Vapour Rectifiers.—Before putting a mercury vapour 

rectifier into service, or where it has been out of service for a considerable 
period, it should be run for at least 30 minutes with normal filament 
voltage, but without any anode potential; this is to vaporize mercury 
deposited on the electrodes. 
At all times the filament must attain full working temperature, and 

the condensed mercury temperature be within the prescribed limits, 
before the anode supply is connected. This involves a delay of at least 
1 minute, and longer if the ambient temperature is appreciably loss 
than the prescribed condensed mercury temperature. An automatic 
delay mechanism is recommended. 
A permanent deviation of more than 2 per cent or temporary fluctua-

tion of more than 5 per cent in the filament voltage may cause damage. 
With directly-heated rectifiers, the filament supply should preferably be 
60-120° out of phase with the anode supply. 
They must be mounted vertically, with the cathode connections at 

,the lower end, with free circulation of air. An increase of temperature 
above the specified value will reduce the safe peak inverse voltage. 
Where screening is employed, suitable ventilation holes at the top and 
bottom of the box must be provided. 
They should not be operated in strong radio-frequency fields unless 

enclosed in separate earthed screen boxes, and radio-frequency filters 
shotild be used to prevent radio-frequency current from reaching the 
rectifiers.. Otherwise ionization, causing flash-over, may occur. 

Since parasitic oscillation may occur, it is advisable to place small 
radio-frequency chokes or resistors in the anode leads where there is any 
risk of causing interference to nearby apparatus. 
To limit peak anode current, a choke of specified minimum inductance 

should precede the first smoothing capacitor. The value of this in-
ductance may be decreased if a purge-limiting resistor is included. To 
ensure good voltage regulation, the value of smoothing capacitor must 
be chosen to suit the maximum current, and the value of the smoothing 
inductance should be large enough to provide uninterrupted current at 
the minimum load. 

Interpretation of Valve Data 

The information supplied by valve manufacturers can usually be 
considered in three categories : (a) general electrical and mechanical 
characteristics; (b) maximum electrode ratings; and (c) typical 
operating conditions. Of these, (a) includes heater or filament ratings, 
base and pin connections, amplification factor and anode impedance; 
inter-electrode capacitances; and dimensions: the information 
supplied in this category is self-explanatory. 
Maximum " absolute ' ratings are those determined by the valve 

manufacturer in relation to a reasonable life expectancy for the valve. 
The operation of an electrode beyond the limits set by the manu-
facturer may not affect directly the electrode concerned, but may be 
considered harmful to the valve as a whole. Normally, the ratings are 
set independently for each electrode: however, in certain cases, the 
values are dependent upon the conditions of other electrodes within the 
valve envelope; in such cases it is common practice to assume, when 
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determining values, the simultaneous operation at maximum values of 
all interdependent electrodes. It should not be assumed, however, that 
one rating may be exceeded by a corresponding reduction to another. 
An alternative to the " absolute " method of valve rating is the 

" design centre" system, which takes into account normal fluctuations 
of mains or battery voltages. No matter which system of ratine is 
used, however, it is necessary to consider the voltage fluctuations likely 
to he encountered, owing to component tolerances and load fluctuations, 
etc. 
The typical operating conditions suggested by valve manufacturers 

are not, of course, the only ones under which the valve may be operated 
safely: they do however show the conditions in which the maximum 
performance of the valve is likely to be achieved with a specified anode 
voltage, or in a specified circuit condition. 

Negative Grid Current 

Under normal Class A operation, only negligible current flows in the 
control-grid circuit, and this current is in such direction as to produce, 
in conjunction with the grid-cathode resistor, a negative potential on the 
grid. Under certain conditions, however, this current may be reversed 
and negative grid current flow, lowering the bias applied to the valve 
and seriously affecting the performance of the stage concerned and also 
of the preceding stage. 
The most common causes of negative grid current are: 

(1) Internal leakage currents across the insulation between the 
grid and other electrodes, commonly as a result of the deposit of 
volatilized metallic material on the insulating surfaces. 

(2) Positive ion current, due to the presence of gas in the 
envelope, zommonly as a result of the liberation of gas caused by 
overheating the valve. 

(3) Electron emission from the grid, commonly as a result of 
the deposit of active cathode material on the grid, and high grid 
temperatures. 

A rise in the operating temperature of the valve will contribute to ru 
these factors and—since negative grid current tends tçe increase anode 
current—once started it will increase progressively. 

Careful attention to manufacturer's data, and in particular to heater 
voltages, electrode dissipation and the permissible upper limit of the 
grid-cathode resistance will reduce the likelihood of this fault arising. 

Idierophony 

Physical vibration of the electrode assembly may cause slight varia-
tion in the characteristics of a valve, resulting in rhythmic variations in 
the output. In practice, this can give rise to interference known as 
" microphony ", which, in extreme cases, may result in " feed-back" 
howl being set up in an audio-frequency amplifier. Microphony in a 
radio-frequency stage will cause modulation of the carrier, and will thus 
be noticeable only when signals are present: in s. cathode-ray tube it 
may cause a fluttering and coarsening of the picture. 
The vibrations may reach the valve via the chassis, valve-holder and 

valve pins, or as sound waves striking the valve envelope, and thence 
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being conveyed to the electrode assembly via the mica supports. The 
effects of microphony will be most pronounced when considerable 
amplification follows the valve concerned, and where the valve is 
mounted near a. moving or vibrating mechanism: for example, 
amplifiers used in conjunction with magnetic-tape recorders are 
particularly susceptible. 
Microphony can be reduced by careful design of the electrode 

assembly, and by such methods as: resilient mounting of chassis and 
source of vibration; use of anti-microphonic valve-holders; careful 
positioning of the early valves in an amplifier (e.g., not close to the loud-
speaker, or in the direct line of sound waves). 

Series Operation of Heaters and Filaments 

The series operation of valves gives rise to a number of problems, 
including those of heater-cathode insulation and the provision of 
correct voltage drops across filaments. 
The potential difference between the heater and cathode should 

always be kept as low as possible. The maximum safe figure is generally 
stated by the manufacturers on valves developed for series operation, 
but where this is not known, a figure of 150 volts is normally assumed, 
although a limit of about 50 volts may be preferable. The breakdown 
of heater-cathode insulation most often occurs during the warming up 
period and, for this reason, delayed application of heater-cathode 
potentials tends to improve reliability. It is not iidvisable to include 
heater-cathode insulation across any tuned radio-frequency circuit, 
since this may give rise to modulation hum or frequency instability. 
Where the filaments of 1-4-volt battery valves are connected in series, 

shunting resistors should be used to correct the voltage-drop across each 
filament, or section of filament. This is because anode and screen 
currents will affect the filament current, even though the total L.T. 
consumption of the filament chain may appear correct; the extra 
current contributed by the anode and screen currents will be greater 
across the more negative sections of the chain. 

FREQUENCY LIMITATIONS OF VALVES 

The main factors limiting the output and efficiency of valves with an 
increase of frequency are: 

(a) the stray inductance and capacitance associated with the 
valve electrodes and connecting leads; 

(b) electron transit times; 
(c) increased radio-frequency losses in dielectric materials, and 

resistive losses. 

Stray Inductances and Capacitances 

The stray inductances and capacitances associated with a triode valve 
are shown in Fig. 12. At ultra-high frequencies the combined effect of 
the electrode capacitances on the generated frequency is equivalent to 
an increase in capacitance of the .tank capacitor C by an amount C, 
where 

Cat X Cat CI = C,.+ 
Cat + Cat 
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R.F. C TANK 
CIRCUIT 

FIG. • 1 2.—VALVE INTER-ELECTRODE 
CAPACITANCES AND LEAD INDUCT • 
ANCES SHOWN IN DIAGRAMMATIC 

Foam. 

L At lower frequencies when C is c 
L large compared to C1, the effect is 

negligible, but as the frequency is 
7:-IF a raised the capacitance of C must 
. mill  : nets c ga 49 normally be made smaller, and thus 
Am 4-•«.......» the effect of C1 increases. 

c "9"..i“c9k cALTmoot C 9 The lead inductances are in 
ak: ops parallel with the inductance L of 
i_ .4... the tank circuit, and these lower 
LkC C L, the value of tho upper frequency 

. RI limit for the valve. For example, 
a wire0.040 in. diameter and 4 in. 
long has inductance of approxi-
mately 0.1 µH. At 1 Mc is the 
reactance would be 0.63 ohms, but 
at 100 Mc is becomes 63 ohms. 

Furthermore, the inductance of the cathode lead is comnion to grid 
and anode circuits, and so produces negative feedback. 

Reducing the size of the electrodes and spacing them farther apart 
would reduce inter-electrode capacitance, but would make high voltages 
necessary, and would increase transit time. 
However, if all the dimensions of a valve are reduced by a given 

factor, the characteristics of the valve are unchanged, but inter-electrode 
capacitance, lead inductance and transit time are all reduced. This 
reduction in size, however, reduces the power-handling capabilities of 
the valve. Lead inductance may also be decreased by making the leads 
of large diameter. To shorten their length and to avoid the capacitance 

-HT 

(a) (b) 
FIG. 13.—EFFECT OF INTERNAL INDUCTANCES AND CAPACITANCES AT 

VERY HIGH FREQUENCIES. 

(a) Basic tuned-anode tuned-grid oscillator; (6) equivalent circuit at very high 
frequencies. 
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efl, to of a base, the leads in ultra-high-frequency valves may be brought 
out directly through the envelope. 
The " acorn " type of valve construction representa an approach to 

ultra-high-frequency design on such lines, and is of use up to about 
500 Mc/s. 

Electron Transit Time 

The passage of electrons from the cathode to anode takes a finite 
time. For a standard valve this is of the order of one thousandth of a 
microsecond. Since it is required that the flow of electrons be governed 
by the potential on the grid, it follows that the potential on the grid 
should not change appreciably during the passage of the electrons. One 
thousandth of a microsecond represents about one-tenth of the time for 
one cycle at 100 Mc is : the change of potential represented by this 
•amount could probably be tolerated for most applications. However, 
at 400 Mc /s the same period represents oneequarter of a cycle, and the 
operation of the same valve at this frequency would be seriously 
affected; the practical effects termed " transit loss" are " back-
heating " of the cathode, increased loading of the grid circuit and a 
reduction of mutual conductance. As a result the power gain of the 
valve becomes progressively smaller as the frequency is increased. 
The reduction of spacing between the valve electrodes—and in 

particular that between the cathode and grid, where the electron 
velocity is low—will reduce " transit loss ", but there will be a practical 
limit to how far this process can be carried in valves of a conventional 
type. 

Radio-frequency Loues 

Radio-frequency valve losses increase as the frequency is raised, 
owing to increasing skin effect and dielectric loss, chiefly in the glass 
parts of the valve. The oscillatory current flowing in the valve leads 
gives rise to resistive losses, which tend to cause overheating of the 
leads, and which, if not taken into account, may affect the seals where 
the leads pass through the envelope. 

V.H.F. Double Tetrodes 

It has already been noted that the cathode lead inductance may have 
appreciable reactance at very high frequencies, causing a reduction in 
driving voltage and negative feedback. A popular method of over-
coming this difficulty is the twin -tehode valve : two separate electrode 
assemblies are placed in a common envelope, and the two cathodes 
joined by means of a low-inductance strip. When such a valve is used 
in a balanced or push-pull condition there will be no flow of radio-
frequency current through the external cathode lead. In practice, a 
number of additional constructional improvements have been intro-
duced in such valves in order to raise the frequency limits; these include 
reduction of anode-grid capacitances, the use of a common screen grid, 
which may be extended to provide shielding of the input from the output 
leads, silver plating of leads required to carry radio-frequency currents; 
etc. By such means, valves suitable for power amplification through-
out the V.H.F. range have been made available. 
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FIG. 14—BASIC AND EQUIVALENT CIR-
CUITS or GROUNDED-GRID AMPLIFIER.. 

OUTPUT OUTPUT 

VI 
INPUT 

Disc Seal and " Lighthouse " Valves 

The cathode-input amplifier, or as 
it is commonly termed the grounded-
grid amplifier, offers a number of 
advantages above about 500 Mo/s, 
and special triodes have been de-
veloped for use in this circuit. Since • 
these valves have extremely low 
inter-electrode capacitances they 
may also be used in other applica-
tions requiring this property. 

In the British form of construction, flat rings, sealed directly in the 
bulb, are used to connect the electrodes to the circuit. The dim 
provide not only low-loss and low-inductance connections, but 
materially assist in cooling the valve electrodes by conduction. 

Disc-seal tetrodes have:also been developed for a number of applica-
tions, although their upper frequency limit is still relatively low com-
pared with the triodes, which may be used up to about 5,000 Mc/s. 

TO 
LOCAL 

OSCILLATOR 

TO 
AEPU,L 

VACUUM SEAL 

GROUNDED 
- GRID 

TO 
TRANS;OProf 

TIL LEADS 

F/G. 15.—GROUNDED-GRID TRIODE EMPLOYED AS MIXER WITH 
EQUIVALENT CIRCUIT. 
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RESISTANCES 

PLATE INSULATEL, 
FROM I; JNER CYLINDER 

COUPLED 
CAPACITATIVELY 

GLASS 
ENVELOPE 

GRID 

CATHODE 

CYLINDEPS 

SHORTING 
PLUNGERS 

  COUPLING 
 CONDENSERS 

FIG. 1L—GENERAL CONSTRUCTION AND EQUIVALENT CARL!, IT 
ARRANGEMENT OF THE " LIGHTHOUSE " VALVE. 

The shielding action of the grounded-grid is so effective that when 
oscillation is required, external feedback is necessary. 
The general appearance of American-type disc or planar valves has 

given rise to the name " lighthouse " tube. The tube base and glass 
are so designed that the valve can be screwed into tuned concentric 
lines. Tuning is then effected by adjusting 
shorting plungers between cylinders. 
Apart from the planar electrodes, the 

principal features of the lighthouse triode 
are: the small size of the anode and grid 
(3-6 min. in diameter), their close spacing 
(0.1-0•4 mm.) and the inclusion of other 
components such as fixed capacitors and ANODE 

tuning plungers inside the envelope. FLANGE 

GRID 
RING 

Fio, 17.—Folut OF CONSTRUCTION OF BRITISH 
Disc Sze!. TRIODE. 
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MA GNETRONS 

The magnetron .is basically a diode valve operating in a magnetic 
field of which the lines of force are partly coincident with the fields of 
electron movement within the valve. The original magnetrons, 
developed in the 1920s, consisted of a filament mounted co-axially within 
a cylindrical anode, the assembly being enclosed in an evacuated glass 
envelope. The diode thus formed is positioned between the poles of a 
magnet so that the magnetic lines of force lie along the axis of the 
anode, parallel to the. cathode (Fig. 18). In the absence of a magnetic 
field the device behaves as a normal diode. When a magnetic field is 
created, however, the electrons moving from the cathode to the anode 
are forced to follow a curved path; as the field increases this movement 
aleo increases until a point is reached when the electrons miss the anode 
altogether (cut-off pomt) and return to the cathode. During the return 
journey the electrons are moving against the force exerted upon them 
by the magnetic field, ana because they are doing work on the field they 
must be surrendering energy to it, and therefore to the anode. If an 

ANODE 

(a) 

FILAMENTARY 
CATHODE 

MAGI TIC LINES 
OF FORCE 

ANODE CATHODE 

MAGNETIC 
FIELD DIRECTION UPWARDS 
THROUGH THE PAPER ( b 

CATUCOE 
ANODE 

ELECTRIC 
FIELD RADIAL. 

(c) 

CATHODE 

OSCILLATORY PARALLEL 
TUNED CIRCUIT 

FILAMENT 
BATTERY 

(d) 

18.—ORIGINAL CYLINDRICAL ANODE MAGNETRON. 
(a) Disposition of cathode, anode and magnetic systems; (b) magnetic field; (e) 

electric field; (d) circuit arrangement of magnetron oscillator. 
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oscillatory circuit is now connected between anode and cathode, oscilla-
tions can be generated, the time period being equal to the transit time of 
the electron. 
Improved efficiencies can be obtained by splitting the anode into two 

equal segments by means of two longitudinal slots and then connecting 
the oscillatory circuit between the two segments. As a result of 
splitting the anode, the radio-frequency fields' due to oscillations 
excited in the parallel-tuned oscillatory circuit now appear across the 
gaps between segments and modify the electric field between cathode 
and anode. The effect is to change the curvature of an electron travel-
ling from cathode to anode so that it travels in a spiral path with a 
general bias towards the anode segment of lower potential, which it 
ultimately reaches. Power output is greatly increased owing to the 
greater net loss of electrons from the cathode to the anode. 

Extremely high frequencies (over 50,000 Mc is) have been attained by 
using this mode of oscillation. 

Cavity Magnetrons 

A notable improvement in the magnetron was made during the 
Second World War by building the tuned output circuit—in the form of 
resonant cavities—into the valve itself. The anode of the resonant 
magnetron consists of a solid block of copper (or punched laminations) 
in which the resonant elements, formed by a combination of hole and 
slot, are drilled. Tho cathode is constructed from a nickel mesh to 
which an oxide coating is keyed. End shields prevent electrons from 
escaping to the, anode without first interacting with the magnetic field. 
The end blocks, due to the raised rim on which they rest, do not make 
close contact over the whole of the anode surface, and there is, therefore, 
an air gap between the end block and anode, through which the fields 
of the respective cavities are coupled together. The output is obtained 
by magnetic coupling between the pick-up loop and the resonant cavity 
in which it is situated. The valve may operate in different modes at 
different frequencies: by conmeting together alternate cavities 
frequency stability is improved. 

Generally the number of cavities increases with the frequency of 
oscillation (e.g., 8 for a 10-cm. valve, 14 for a 3-cm. valve). It will be 
appreciated that such valves can be used only on the frequency for 

(al (id (c) 

FIG. S.—DEVELOPMENT OF TEE RESONANT-CAVITY MAGNETRON. 
(a) Four anode segments with separate tuned circuits across each gap; (b) eight 

anode segmenta; (c) tuned circuits replaced by resonant cavities. 
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(a) (b) (c) (d 

FIG. 20.—M AGNETRON CAVITIES. 

(a) Hole and slot; (6) slit; (e) vane; (d) rising sun. 

which they have been designed, since it would be difficult to alter the 
dimensions of the cavities: great care must also be taken during manu-
facture to ensure that all cavities in a particular valve have the same 
resonant frequency. Magnetrons which permit a limited range of 
tuning have been developed. Methods include : 

(1) Use of conducting annular ring placed over the straps con-
centrically with the axis in a strapped magnetron. Frequency is 
changed by varying the distance between this ring and the straps. 

(2) 4 ring of larger diameter placed over the resonant cavities 
will alter the inductance of the system. 

(3) Insertion of rods into the cavities will diminish the 

inductance. 
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LE ADS 

Fla. 2I.—A MULTI-RESONANT MAGNETRON. 

(a) Side elevation; (h) details of the cathode, heater and cathode Stanension; (c) 
plan of n.agnetron looking along the axis of the cathode (end block removed). 
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(4) A tunable cavity resonator coupled to the resonant system 
of the magnetron. 

The magnetic field is generally produced by placing a permanent 
magnet externally to the anode block so that the field is parallel to the 
cathode: in some designs, however, the magnet forms an integral part 
of the valve, and such valves are known as packaged magnetrons . 
The efficiency of such valves may be as high as 50 to 60 per cent, and 

considerable power output can be obtained: peak outputs of the order 
of 2,000 and 250 kW at 10 and 3 cm. respectively have been obtained 
using pulse operation. 

KLYSTRONS 

Basically, the klystron is a valve in which the velocity of the electrons 
in a steady stream is made to alter in such a way that the electrons form 
" bunches ", the velocity corresponding to an external or internal 
modulation. In a simple form the klystron consists of a heated cathode, 
an accelerating grid, two huncher electrodes, two catcher electrodes and 
àn anode or " collector " as shown in Fig. 22 

Electrons leaving the cathode are acceleratea uniformly by the 
positive potential on the accelerator grid. As the buncher grids and 
catcher grids are maintaiged at a mean potential equal to that of the 
accelerating grid, any alteration in the potential will increase the 
velocity of the electrons with, a positive change, or decrease it for a 
negative one. As the buncher grids are connected to opposite ends of 
a resonant circuit, the potentials vary according to the sine wave of the 
oscillating source ( i.e., a resonant circuit). 
When the first buncher grid is at peak positive amplitude, the electrons 

approaching it are accelerated, while those that have passed it are 
retarded. The second grid simultaneously is at peak negative potential 
(relative to the mean), and retards electrons approaching it while 
accelerating those that have passed it. These two actions, which are 
reversed every half-cycle, combine to cause the electrons to " bunch ", 
thus splitting up the electron stream into a series of bunches corre - 
sponding to the modulating source. 

This stream of regularly spaced bunches of electrons then travels 
throngh two " catcher " grids. These have a similar oscillating cirsuit, 
but are spaced so that the transit time of the electrons between the 
grids will equill the duration of half of one cycle of the oscillations. The 
phase of the catcher grids in relation to the spacing of the bunches is 
arranged so that a bunch arrives at the first bunoher grid when the 

FIG. 22.—MODULATION Or THE VELO. 
CITY 07 AN ELECTRON STREAM BY THE 
ALTERNATING ELECTRIC FIELD BETWEEN 
A PAIR OF GRIDS CONNECTED TO A 

RESONANT CIRCUIT., 

ACCELERATOR BUNCHER BUNCHED 
GRID GRIDS ELECTRONS 

 cThZ 
1111 We:" F°1 II  use", e 

CATHODE 
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INPUT TERM OUTPUT TERM': 
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23.— KLYSTRON WITH CAVITY RESONATORS. 

latter is at peak negative amplitude and, therefore, retards the electrons. 
As the transit time is equal to that of one half-cycle, the second grid is 
also at peak negative amplitude when the bunch arrives, still further 
retarding it. 
At each retardation the bunch gives up energy to the catcher grids. 

This energy may be used either for providing an amplified signal from 
the original oscillation or it may be fed back to the buncher grid to cause 
oscillations either with tuned circuits or with internal or external 
resonant cavities, in which case it acts as an oscillator (reflex klystron) 
or as a mixer. 
Beyond the catcher grid is a " collector " electrode (at a positive 

potential) to attract electrons that have not been usefully absorbed in 
the operation of the valve. 
The size of klystron valves varies widely according to the application, 

from the size of small receiving-type valves to large transmitting types 
with forced air or water cooling, with accelerating voltages of the order 
of 15 kV. The efficiency, in practice, may be of the order of 15 per cent. 
Klystrons are available for frequencies up to at least 10,000 Mc is. 
When used at high frequencies, the resonant circuits are usually resonant 
cavities, the grids being connected to each side of the cavity; the 
cavities may be constructed internally or externally. Tuning is often 
adjusted by screwing plugs into the periphery. The energy is coupled 
into or out of the cavities by means of single-turn loops. 

Various electrical methods of tuning the cavities are also used. 

The Reflex Klystron 

A simplified form of klystron is generally used as a local oscillator in 
the U.H.F. range one set of grids, together with their associatea 
cavities, are used to perform the double function of bunching and 
catching, and the positive collector is replaced by a highly negative 
repeller electrode (see Fig. 24). 
By correct adjustment of the negative voltage applied to the repeller, 

electrons which have passed through the buncher field may be made to 
return again through the resonator grids in the correct phase to deliver 
energy to the circuit, thus providing the feedback required for oscilla-
tion. The frequency of oscillatiqn can be varied slightly by adjustment 
of the repeller voltage, but at the cost of variation in output. 
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Fie. 24.—REPLEX KLYSTRON. 

The resonant cavities are formed by a copper tube which encircles the envelope. 

While the use of this type of klystron is limited to oscillation, the 

comparative simplicity of setting up, small size, cheapness of construc-

tion and ease of tuning (generally carried out by adjustment of the 

volume of the cavity by means of plugs) have all tended to bring 

valves into general use on micro-wavelengths. 

J. P. H. 

Multi-cavity Klystrons 

By adding extra cavities between the buncher and catcher cavities of a 

klystron amplifier, the efficiency and gain can be enormously increased. 

By using two buncher cavities, for example, the bunching efficiency can 

theoretically be increased to 80 per cent. Also, stagger-tuning of the 

cavities enables large band-width to be obtained, though at the expense 

of gain. High-power pulsed klystrons and high-gain 1figh-efficiency 

valves for lower power applications using three or more cavities have 

been developed. An experimental three-cavity high-power valve has 

given 20 MW pulsed power at 30 per cent efficiency at 10 cm. wave-

length. The valve operates . at 300 kV beam voltage, 180 amperes 

beam current and gives a gain of 30- 35 dB. Similar high-power valves 

giving 1-2 MW in the 3-cm. and 30-cm. bands have been constructed. 

For lower power applications, five- and six-cavity klystrons have been 

used. A typical five-cavity valve at 3 cm. may have a gain of up - to 

70 dB compared with 15 dB for a noilinal two-cavity version. Mag-

netic fields for focusing the electron beams are usually necessary in 

such valves. In general, the maximum useful gain which can be ob-

tained is determined either by the signal-to-noise ratio at the output or 

by the onset of oscillations. 
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TRAVELLING-WAVE TUBES 

Valves such as the magnetron and klystron have very narrow band-
widths, due mainly to their use of cavity resonators. At most a 10 per 
cent tuning rango can be obtained. Also, interaction between the 
electron beam and the R.F. field occurs only in the narrow region of the 
cavity gaps. In travelling-wave tubes, however, no cavities are used, 
but instead circuits having the properties of wide-band filters. Also, 
interaction is made to occur over an extended region by making an 
electron beam and an R.F. wave travel together, interacting con-
tinuouély.. The band-width limitations of such tubes are thus limited 
mainly by the input and output matching arrangements .rather than by 
the circuits themselves. 

Various types of travelling-wave tube have been developed. The 
most important of these are the travelling-wave amplifier, in which 
interaction occurs between an electron beam and an. R.F. wave travell-
ing in the same direction; the backward-wave oscillator or 0-Carcino-
tron, in which interaction occurs between an electron beam and an 
R.F. wave travelling in opposite directions; and the M-Carcinotron, a 
backward-wave oscillator using crossed electric and magnetic fields, 
i.e., fields acting at right angles to one another and to the beam. 

Travelling-wave Amplifiers 

In the travelling-wave amplifier an electron beam and the R.F. wave 
to be amplified are made to travel alongside each other at more or less 
the same speed. The action of the wave on the beam causes electron 
bunching to occur, as in the klystron, which increases along the length 
of the tube. The bunched beam reacts back on the wave in such a 
manner as to cause a certain amount of electron kinetic energy to be 
converted into R.F. energy of the wave. A much amplified wave thus 
emerges from the tube. 

Since, with the normal accelerating voltages used in practice, the 
electron beam travels at less than one-tenth of the velocity of an 
electromagnetic wave, the wave must be slowed down. This is done by 
means of a " slow-wave structure" or delay line, which may take many 
forms. The one génerally used is a helix of wire. The wave travels 
round the helix so that, although its velocity along the wire is roughly 
its normal velocity, its velocity along the axis of the helix is much 
slower. By suitable choice of helix pitch the velocity of the wave 
along the axis can be made as little as one-tenth its normal velocity. 
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FIG. 25.—TRAVELLING-WAVE AMPLIFIER. 
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The helix is a non-dispersive structure, i.e., the velocity of electro-
magnetic waves along it is the same irrespective of frequency, within 
wide limits. Thus interaction can occur with R.F. waves covering a 
wide range of frequencies without any alteration of beam voltage or 
circuit parameters being necessary. 
The structure of a travelling-wave amphher is shown in Fig. 25. It 

consists essentially of a helix of wire about 6 to 9 inches long and about 
0.1 inch internal diameter supported in an evacuated glass tube, which 
contains at one end an electron gun and at the other a metal plate or 
collector. A beam of electrons produced by the gun travels through 
the helix towards the collector. In order that most of the beam should 
reach the collector and not be intercepted by the helix, a focusing mag-
netic field is applied along the tube, either by a solenoid round the helix 
and gun or by permanent magnets forming a magnetic lens system. 
Power is fed into and out of the helix by means of either coaxial or 
waveguide couplings at the helix extremities. In order to prevent 
feed-back of reflected R.F. power from the output end, an attenuating 
layer is applied to part of the helix near the centre of the tube. 
A number of different types of travelling-wave amplifiers are now 

available in the microwave; band. At 10 cm., low-noise tubes having 
noise figures around 6 dB and gains of about 20 dB, operating at 500 
volts and currents of under 1 mA at power levels around 1 mW, inter-
mediate power tubes with gains of 30 dB operating at 1 to 2 kV and 
currents of a few milliamperes, and high-power tubes capable of hand-
ling over 100 kilowatts at 20 dB gain have been -developed. The 
helices for such high-power tubes are generally copper tubes through 
which cooling water flows. 
The most important property of the travelling-wave amplifier is its 

large band-width. Thus a typical valve operating at 4,000 Mc/s may 
have a band-width of over 1,000 Me/s And could therefore handle 
10,000 telephone channels or nearly fifty high-definition television 
programmes simultaneously. Travelling-wave amplifiers are thus 
extensively used in non-demodulating radio relay links. 

Backward-wave Oscillators 

Backward-wave oscillators (or 0-Carcinotrons) are travelling-wave 
tubes in which the electron beam and the R.F. wave travel in opposite 
directions. Thus the power emerges at the gun end of the tube while 
the electrons travel towa.ds the collector end. As in the travelling-
wave amplifier, a slow-wave structure is used, but one having rather 
different properties from those of the helix. In the backward-wave 
oscillator the slow-wave structure is dispersive, i.e., the velocity of a 
wave along it depends on the frequency of the wave. Analysis of the 
wave travelling on such a structure shows it to consist of an infinite 
number of components, some travelling in the same direction as the 
wave and others in the opposite direction. It is one of these latter 
components, travelling in the opposite direction to the B.F. Power 
flow but in the same direction as the beam, with which the electrons 
interact. Bunching of the electrons occurs and the travelling wave 
gains energy from the beam as in the travelling-wave amplifier. Inter-
action normally occurs with the fundamental of the infinite series of 
backward-wave components, the higher components being too weakly 
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Efficiencies of about 30 per cent are obtained in practice. M-Carcino-
trons are generally curved into a circle for convenience, but this does 
not affect their operation. 

PARAMETRIC AMPLIFIERS 
Parametric or reactance amplifiers derive their name from the fact 

that the equations governing their operation contain one or more 
time-dependent reactance parameters. Recently the name Mayar 
(Mixer Amplification by Variable Reactance) has been used. 
The operation of the parametric amplifier depends on the fact that a 

time-varying reactance can exhibit negative resistance characteristics 
under certain conditions, or can act as a frequency converter under other 
conditions. Consider the system shown in Fig. 29. This consists of a 
resonant circuit and source of frequency f, coupled to a resonant circuit 
of frequency f2 by a reactance, represented in this case by a capalcitor 
C3. If the capacitance is varied sinusoidally at a frequency f 3 
f + h, analysis shows that power will be fed to the two circuits at their 
respective frequencies. Thus if a load is coupled to the circuit of fre-
quency f1 an amplified signal at this frequency will be obtained in the 
load. Alternatively, if the load is coupled to the other circuit, an 
output si mal of frequency /3 will be obtained, the system in this case 
acting as frequency converter. 
An sri mgement such as this may be obtained in practice by using 

a source of frequency f, in conjunction with a non-linear reactance, 
e.g., a capacitor whose charge is a non-linear function of the voltage, 
or an inductance for which the flux varies non-linearly with the current.. 
The frequency f1 is called the signal frequeney, f, the idler frequency 
and f3 the pump frequency. The system thus converts energy at the 
pump frequency into energy at the signal and idler frequencies, thereby 
giving amplification of the signal. A schematic representation of a 
parametric amplifier would thus be as shown in Fig. 30. 
A device such as this has the disadvantage that it is necessary to 

supply power at a higher frequency in order to obtain amplification at a 
lower frequency. However, by using two pumping sources in conjunc-
tion with a reactance having a third-order non-linearity, e.g., an induct-
ance for which the flux varies as the cube of the current, the pump 
frequency can be lower than the signal frequency. 

It can be shown that gain in such devices is equivalent to the intro-

RESONANT RESONANT 
FREQUENCY FREQUENCY 

FIG. 29.—Two CIRCUITS COUPLED BY A TINE-VARYING CAPACITOR. 
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FIG. 30.---SCREMATIC REPRESENTA-
TION OF A PARAMETRIC AMPLIFIER. 

LSIGNAL   SOURCE] 

PUMP SOURCE , 
j 

NON-LINEAR REACTANCE 
f2-

IDLER CIRCUIT 

AMPL ED LOAD 

diction of negative resistance in the signal eCcuit. This negative 
resistance is a function of the pump power, and hence is controllable. 
Amplifiers using these general principles may be constructed at any 
frequency from . audio up to microwave frequencies, the essential 
requirement being the availability of a suitable variable reactance. It 
is at microwave frequencies, however, that most of the development has 
occurred, since the devices are inherently low-noise ones due to the 
absence of electron beams. At microwave frequencies successful 
amplifiers have been constructed using ferrites, reverse biased semi-
conductor diodes and modulated electron beams as the variable 
elements. 
The performance of these devices may be illustrated by the results 

obtained for parametric amplifiers using semiconductor diodes. These 
make use of the fact that the capacitance of a p—n junction varies non-
linearly with voltage when negatively biased. For a germanium 
junction, for example, a change of the order of 15 volts in bias produces 
a 3 to 1 change in capacitance. With such diodes, parametric ampli-
fiers have been constructed using 512G500 mW of pump power at 12,000 
Mcis to give a stable gain of 45 dB at a signal frequency of 6,000 Me/s. 
The gain band-width product is constant. With the gain adjusted to 
about 20 dB a band-width of about 5 31c/s is possible with a noise figure 
of 5 dB. Noise figures as low as 1 dB have been obtained. 

THE MASER 
• 

The maser is a device which amplifies microwave signals by making 
use of the radiation emitted when transitions occur between energy 
states in atoms or molecules. The name derives from " Microwave 
Amplification by Stimulated .Emission of Radiation". 

According to the principles of quantum physics, atoms or molecules 
may exist in any one of a number of discrete energy states. Most, of 
the atoms or molecules will exist in the lowest or ground state, but they 
may be raised to any of the possible higher states by causing them to 
absorb radiation of frerptencyf given by 

lef = 11",, — II", 
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where 11", is the energy of the higher state, IV, that of the lower state 
and h is a constant called Planck's constant. Conversely, molecules 
or atoms in a higher state, on transferring to a lower state, will emit 
radiation of frequency f depending on the difference in energy between 
the states in the same way. Such transitions from higher to lower 
states may also be induced by applying a small amount of radiation 
of frequency f. If it were possible to prepare a material in which 
more molecules existed in the higher energy state than in the lower, 
the application of a smail amount of radiation of the correct frequency 
would cause more downward than upward transitions. There would 
thus ,be a net emission of radiation at this frequency and consequent 
amplification of the applied signal. This is the essential principle of 
maser action. 
The first maser constructed used ammonia gas. This can exist in two 

possible energy states, the difference between which corresponds to a 
frequency of 24,000 Me/s. Molecules in the higher energy state may he 
sepriratcd from those in the lower energy state by placing them in an 
electrostatic field, since those in the higher state are repelled while those 
in the lower state are attracted by such a field. Thus if a . beam of 
ammonia molecules traverses such a field in a cylinder, only those in the 
higher energy state will emerge, the lower-energy-state molecules being 
attracted to the walls of the cylinder. The emerging beam is then fed 
into a cavity resonator tuned to 24,000 Mc/s and subjected to a small 
signal of this frequency. Transitions to the lower state are thus in-
duced and energy is given to the microwave signal. Such a &'-ice, 
called a two-level maser, can easily be adapted to oscillat ion. 
The signal from the ammonia maser is stable to one part in 10", and 

it. can thus be used as .a frequency or time standard. As an amplifier, 
however, its disadvantage is that it has virtually no band-width, since 
it can only amplify a signal of 24,000 31c/s. Masers using solid-state 
materials (artificial ruby being a commonly used substance) can, 
however, be tuned by subjecting them to a magnetic field, which 
alters the energy difference between states and thus gives a limited 
range of frequency operation. 

Three-level masers have also been constructed. In these, materials 
having throe possible energy levels 11.„ W 2 and 113 are used. The 
material is first subjected to radiation corresponding to the difference 
11'3 — TVI, thus transferring the substance from its ground state 112 
to the higher state W 3. By applying a small signal of frequency 
(113 — 1V2)//t transitions from 11, to ll'2 occur, with the emission of 
radiation of this frequency and consequent amplification of the applied 
signal. rsing potassium cobalti-cyanide containing 0.5 per cent of 
chromium as maser material and applying 1 inIV of pumping" power 
at 9,000 Mc/a, 30 dB gain at.3,000-Mc/s signal has been obtained. 
Such masers must be operated at extremely low temperatures to be 

successful and are normally surrounded with a liquid helium bath. 
Under such conditions they have a very low noise level; noise figures as 
low as 0.3 dB have been achieved. Such low-noise operation is far in 
advance of anything obtainable with conventional amplifiers. 

R. C. G. 
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24. CATHODE-RAY TUBES 

The cathode-ray tube, together with its associated time-bases and 
amplifiers, is now to be found in almost every branch of electronic and 
scientific work. Recent years have seen many advances in the design 
and construction of the electron gun, while the rapid development of 
television has made necessary the mass-production of tubes with large 
screens. Gas-focused tubes, which suffered from comparatively short 
life and excessive spot-swelling when the beam current was increased, 
have now been superseded by the high-vacuum types in which pressures 
lower than 10-' mm. Hg are attained. 

Development 

The apparatus used for early experiments has little in common with 
the modern cathode-ray tube, but the pioneers did succeed in establish-
ing certain basic principles which paved the way for subsequent 
development. 
The cathode-ray tube is named after Ilittorrs discovery in 1868 of 

" cathode rays ", although since J. J. Thomson's investigations in 1879 
it is now known that the once mysterious " cathode rays" consist of 
electrons travelling at extreme speed from a negative electrode towards 
parts of the tube at positive potential; a more correct name would 
therefore be " electron beam ". 

It has been known since 1868 that the cathode rays could be deflected 
by magnets. A. Hess was the first to propose their use for oscillographic 
purposes, but this was realized for the first time by Ferdinand Braun 
in 1897. The Braun Tube was evacuated to a pressure of a few bars. 
Its gas filling was usually nitrogen. At a pressure of this order, the 
electronic pencil left the finest trace. Two years later Wiechert pro-
posed to make it finer by a magnetic coil, termed the " concentrating 
coil ". Such tubes were used for laboratory work for some twenty-
five years. In 1921, A. Dufour buik the first high-speed cathode-ray 
oscillograph in which the electrons recorded directly on a photographic 
plate which was introduced into the vacuum. Many workers, including 
Rogowski, Gabor, McEachron, Knoll, Burch and Whelpton, have helped 
to bring this instrument to its present state, and since 1925 it has been 
used extensively. Direct photography, however, has now been 
generally superseded by the sealed-off cathode-ray tube with thermionic 
cathode. 

After the discovery by Wehnelt in 1905 of thermionic cathodes, 
attempts were made to use them in high-vacuum cathode-ray tubes, 
these were unsuccessful until 1926, when Burch explained the action 
of the concentrating coil as an electron lens. These theoretical results 
were exploited by V. K. Zworykin, who in 1929 combined for the first 
time the two essential elements of the modern cathode-ray tube: a 
small thermionic cathode and an electron optical-lens system. 
The simple electrode arrangement of Fig. 1 is now seldom found 

in practice, but illustrates the basic principles of electrostatic focusing. 
24-2 
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GRID OR WEHNELT 
CYLINDER 
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XI 
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X2 DEFLECTING 
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Y2 

FIG. 1.—SIMPLE GAS•FOCUSED ELECTROSTATIC TUBE. 

These " soft " (gas-filled) tubes generally required a heater supply of 
2-4 volts, anode potential of 500-1,000 volts and a negative shield bias 
of 5-50 volts. Control of the grid potential was the primary means of 
focusing the spot, which, when correctly focused, was 0;5-1-0 mm. in 
diameter. 

If a potential is applied across the X plates, depending upon the sign 
of the applied voltage, the cathode ray will be repelled by one X plate 
and attracted by the other. In Fig. 2, plate X, is positive and plate 
X, is negative, with the result that the electron beam is deflected 
towards X,. The movement d the ray at these. plates will be apparent 
as a movement of the fluorescent spot on the screen, the degree of move-
ment on the screen being enlarged in proportion to the length of the ray. 
If now the connections to X, and X, are reversed, the spot will move 
across to the opposite side of the screen. When an alternating voltage 
is applied to the X plates, therefore, the spot will clearly move from side 

to side in step with the frequency 
y1 of the alternations. Because of the 

'' afterglow in the fluorescent screen 
• • and the rapidity of the movement, • ,,, 

• the effect to the eye will be a steady 
/ ' line across the screen. The length 

t 
i -1- _ \% of the line will be directly propor- 

i tional to the voltage applied to the 
Xi; 000. J i X2 deflecting p lates. 

I i Suppose that while this line is 
— being traced out on the screen a D.C. \ A..  / 

\ / potential is applied to the Y plates. 
\ 1 \   / It is obvious that the spot must 

.-. tend to respond to the force thus .' , ..., 
---__-- exerted on the ray as it passes between 

Y2 the Y plates. This response will take 
Fia. 2.—A POSITIVE POTENTIAL the form of shifting the line bodily 
ON TEE X, PLATE CAUSES THE up or down on the screen, depend. 
ELECTRON BEAM TO SWING To. ing on whether Y, is positive or 

WARDS THAT PLATE, negative. nut what will happen if 
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instead of D.C. on the Y plates an alternating voltage is applied ? It 
is assumed • for the moment that both the X and Y voltages are 
derived from the power mains and are therefore both sinusoidal and of 
the same frequency and phase. 
Two forces are now acting on the ray at the same time, and its 

movement will be proportional to the resultant of those forces at any 
instant. The line on the screen will, therefore, assume a new position, 
making an angle with the horizontal which is governed by the relative 
value of the deflecting forces. If the alternating voltages applied to 
the X and Y plates are equal, the angle of the line on the screen will 
be 45°. By variation of the relative values of the voltages applied to 
the X and- Y plates the angle will correspondingly become greater or 
less. 
The straight line on the screen is preserved only while the two applied 

voltages are of the same phase. Where there is a phase difference, the 
resultant of the forces acting on the ray differs from instant to instant, 

the result that tl.e spot traces out an elliptical path ranging from 
the straight line already discussed when the phase angle is 0° to a 
circle when the phase angle is 90° (and the alternating voltages are 
equal). 

Hard Cathode-ray Tubes 

The gas-filled cathode-ray tube makes use of ionization by collision 
to assist focusing of the ray. This is a simple and effective method for 
low-frequency work, but the gas-filled tube has largely given place to 
the vacuum type for modern use. These hard tubes usually operate at 
far higher potentials than the gas-filled types and incorporate additional 
anodes or accelerators to assist focusing. In the double or triple 
accelerator type of cathode-ray tube, the Wehnelt cylinder is still 
adopted but does not play the important part in focusing that it does 
in the gas-filled tube. The arrangement of the electrodes and the 
potentials applied are scidesigned as to produce electrostatic fields which 
form " electron lenses " acting on the electron beam in the same manner 
as optical lenses focus a ray of light. 
The accelerator potentials are normally progressively increasing, 

although in some designs the first and third anodes are strapped 
internally. 

Construction 

Modern cathode-ray tubes consist of: (1) a gun, which, in the case 
of a triode arrangement, comprises a cathode, modulating electrode and 
first accelerator; (2) a lens, either electrostatic or magnetic, for focusing 
the beam; (3) means for deflecting the electron beam, again either 
electrostatically or electromagnetically; and (4) a fluorescent screen, 
which when bombarded by the beam converts some of its energy into 
visible light. 

There are two main types of magi tically focused tubes, namely 
triodes and tetrodes. The tetrode has, between the modulator and the 
final anode, an auxiliary anode to which is applied a voltage of a few 
hundred volts. With identical positioning of the focysing magnet, and 
the same E.H.T. voltage applied to both tubes, the 1- ode requires less 
field strength for focusing than the triode. 
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FIG. 3.—TRIODE ASSEMBLIES FOR CATHODE-RAY TUBES. 

(a) Triode for electrostatic tube. (b) Triode for magnetic tube giving large beam 
angle. (e) Triode for magnetic tube giving small beam angle. (d) Disc-type triode 
forming part of tetrode gun. 
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FIG. 4.—ELECTRON TRAJECTORIES. 

The choice between permanent and electromagnets for focusing is 
usually one of economics. The stray fields of permanent magnets are 
usually greater than those of electromagnets. A further technique 
sometimes employed for focusing a television tube uses a combination 
of both permanent and electromagnets. The electromagnet is located 
inside the permanent magnet and a small variable current passed 
through the coil to serve as a fine adjustment of beam-focus. 
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FIG. S.—FORMS OF ELECTRODES FOR FOCUSING. 

Although tubes using electrostatic means oz deflection are now seldom 
employed for television work, they are still extensively used in oscillo-
graphy and other forms of instrument work. 

TELEVISION PICTURE TUBES 

The desirable features of a cathode-ray tube for television reception 
may be summarized as follows: 

(a) GEOMETRICAL ACCURACY. It should be possible to provirk on 
the face of the tube a picture which appearr in correct proportion not 
only to people sitting immediately in front of the tube, but also to those 
sitting some way on either side. Fundamentally this is impossible of 
achievement. The best approximation is given by a large flat screen 
and the worst by a small curved one. 

(b) DEFINITION. The spot should be as small as possible. Theoretic-
ally there is no lower limit to its permissible size, but there is no point 
in making its distneter much smaller than the distance between the 
centres of adjacent scanning lines. 

(0) CORRECT GRAtATION AN» ADEQUATE LUMINANCE. The relative 
luminosity observed by the viewer when looking at different parts of 
the received picture should be identical with that which he would 
experience if he were looking at the original scene. This is a complex 
subject which is still far from being fully under control in practice, as it 
relates not only to the luminance of the spot as a function of the applied 
modulating voltage, but also to the ambient viewing conditions and the 
type of transmission characteristic employed in the system. 

(d) ACCEPTABLE COLOUR, FREEDOM PROM FLICKER AND ABSENCE 
OF STREAKING AND COLOITR FRINGING. All modern television picture 
tubes employ phosphors which give a black-and-white picture. The 
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6.—ARELANGEMENT OF A TYPICAL TETRODE PICTURE TUBE. 

decay time of the phosphorescence must not be so long that moving 
objects become blurred (possibly with coloured fringes if the com-
ponents of the phosphor have different decay times), but within this 
limitation it should be as long as possible, as this reduces the amount of 
flicker present in the picture. 

(e) LONG 1..nrx. A cathode-ray tube is an expensive item, and it is 
essential that it should be a reliable one. 

(f) EASY MODIPLATION AND DEFLECTION. The required grid drive 
and scanning power should be as low as possible in order to facilitate the 
design of the receiver. 

(g) eRODUCTION. The tube should be suitable for large-scale 
production, so that its price can be as low as possible. 
Many of these factors are mutually conflicting, and it is necessary to 

strike a compromise. 
The majority of post-war television receiver tubes have magnetic 

focusing and deflection. Within the past few years, however, there has 
been a trend towards electrostatic focusing of the electron beam, thus 
dispensing with the bulky external focusing magnets. Fig. 6 shows the 
general arrangement of a typical t,etrode tube employing magnetic 
focusing, while Fig. 7 shows a typical tube employing electrostatic 
focusing. Referring to Fig. 6, electrons are emitted by the .ndirectly 
heated cathode K and are attracted by the first anode A„ which is 
usually 150-300 volts positive with respect to the cathode. A1 consists 
of a skirted disc with a small central hole through which most ot the 
electrons pass up the tube to strike the fluorescent screen S, which is 
composed of " phosphors" that emit light under electron impact, e.g.. 
zinc sulphide, blue, or zinc cadmium sulphide, yellow. To obtain an 
approximation to white light, mixtures of phosphors are often used. 
Surrounding the cathode is the cup-shaped grid G, also with a small 
central hole. An electric field is produced between grid and cathode by 
virtue of their potential-difference, and this controls the number of 
electrons drawn through the first anode—and hence the brightness of the 
spot. A grid voltage 25-100 volts negative to cathode will. cut off the 
electron flow altogether. The second anode, A„ connected internally to 
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DEFLECTOR COILS 

7.—Tyrw:m. TELEvisiON TUBE EMPLOYING 
ELECTROsTATiu FOcUsING. 

the graphite coating C inside the wall, gives further acceleration and 
governs the final electron velocity: its voltage is 6-16 kV (20-50 kV in 
projection models), determining the ultimate possible brightness of the 
screen fluorescence. 

Focusing 

The electrons, travellin r t, high velocity, must be focused to a small 
spot, i.e., i-84-6 in. in diameter on a 14-in. tube. Now a flow of electrons, 
whether in a wire or not, is a current; and when a current flows across a 
magnetic field, it experiences a force which tends to move it. In the 
cathode-ray tube the electron stream thus experiences the deflecting 
force when passing across a magnetic field. By means of a short coil, 
or a permanent-magnet arrangement, a field, as shown in Fig. 8 (a), 
is produced. Electrons passing along the tube axis do not cross this 

(b) (C) 

FIG. 8.—Foousnro ÉV MEAN'S OF A SHORT COIL. 

(e) Shows an end view of the electron path. 
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• FIG. 9.—FOCTJ8 UNIT USING PERMANENT-
MAGNET RING AND POLE PIECES. 

This type of focus unit is very common because of the 
popularity of the A.C./D.C. type of television receiver, 
in which it is difficult to find power for an energized 
focus coil. A thicker iron circuit is needed than for a 
solenoid in order to eliminate peripheral variations in 
magnet strength. Two opposing axially magnetized 
rings of Magnadur—a magnetic ceramic material—are 
often used. This has the advantage of having smaller 
external fields, and it requires no iron circuit because, 
being pressed from powder, the rings are more homo-
geneous than rings made from normal cast magnetic 
materials. 
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field, and so are unaffected, but those entering at P are deflected into a 
helical path whose radius is proportional to the strength of the field, 
and whose pitch is proportional to the tangential velocity of the electrons. 
Since the axial velocity is not affected by the magnetic field, all electrons 
may be brought to a focus on the screen in a spot corresponding to the 
origin—the cathode. It is thus important for the cathode to be small 
so that the focused spot is well defined. 

In electrostatically focused tubes (see Fig. 7), electrodes Ay and A 4 

are connected together internally and also to the graphite coating C 
to which the tube E.H.T. is applied. The potential of electrode A, is 
adjusted (usually abcut cathode potential) to focus the beam on the 
screen. 

Deflection 

The spot must be made to traverse the screen rapidly from side to 
side and more slowly from top to bottom to* produce the " raster ". 
For line scanning a varying magnetic field is required which varies 
linearly to deflect the spot left-to-right and then rapidly right-to-left. 
Simultaneously, there must be a corresponding top-to-bottom and 
return motion for frames. D.C. in Fig. 6, shows the deflecting coils: 
the deflection is at right angles to the direction of the magnetic field, 
so that the vertically disposed field is that of the line-deflection coils. 
In this way the spot will trace out the " raster ", which corresponds to 
the pattern traced by the camera tube. 

Modulation 

To reproduce the " picture " as seen by the camera, the instantaneous 
brightness of the spot is modulated by the instantaneous variation of the 
cathode-grid potential from its mean or quiescent value, determined by 
the " brilliance " . control. This may be done either by applying a 
positive going signal to the modulator, which is normally biased so that 
the beam is suppressed, or by applying a negative-going signal to the 
cathode . 
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Ions 

In addition to the electrons, positively and negatively charged ions 
are also produced in the cathode-ray tube. The former are attracted 
to the grid and cathode, but the latter travel to the fluorescent screen. 
They are between 5,000 and 500,000 times heavier than electrons, and 
though like electrons they are attracted by the first and second anodes, 
they are much lees deflected by magnetic fields. The deflection of 
electric particles by a magnetic field is directly proportional to the 
strength and the length of the deflecting field and its distance from the 
screen, and inversely proportional to the particle velocity. But the 
latter varies as the square root of the quotient of the final anode voltage 
and particle mass: hence the heavy negative ions are less deflected, 
and they destroy the fluorescent property of the screen by bombard-
ment over a small central area. The result is a dark spot referred to as 

ION TRAP 
MAGNET 

(a) 

ON TRAP 
MAGNET 

K A, 

(b) 

FIG. 1 O.—POPULAR ION -TRA P ARRANGEMENTS. 
(a) With" undelected beam." (t) " Bent-gun" type. 

" ion-burn ". Ion-burn tray be avoided by removing the ions from the 
beam, either by passing the beam through an electrical and then a 
mgenetic field so that the ions are deflected in the first and not in the 
second (see Fig. 10 (a)) or by a " bent-gun " in which the beam is initially 
projected at about 10° to the tube axis and an !` ion-trap" magnet 
deflects the electrons back to the tube axis. The ions, however, carry 
nearly straight on to the second anode (see Fig. 10 (b)). 
A different treatment of the problem 18 to prevent the ions in the 

beam from reaching the fluorescent material by backing it with a very 
thin metallic film. Aluminium is the usual metal, and considerable 
success in reducing ion-burn has attended " aluminizing ", which was 
originally introduced mainly to improve brightness and contrast. In 
some modern tubes both methods of reducing ion-burn are used. 

Aluminizing 

In a non-backed tube al'out half of the total emitted light is visible at 
the front of the phosphor. The remainder appears at the back, and 
even with an internal graphite coating some of this light is reflected 
back to the screen, where it reduces contrast by faintly illuminating the 
whole screen. With aluminizing, the useful output is increased, as the 
aluminium film reflects the backwaid , ,ut put, improving both bright-
ness and contrast. For maximum efficiency the thickness of the 
aluminizing film is closely related to the final E.H.T. voltage, so that the 
indiscriminate fitting of an aluminized tube may not result in any 
noticeable improvement in performance. 
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Dark- or tinted-glass screens have also been introduced to improve 
picture contrast when viewing in strong ambient light. Ambient light 
illuminates the " black " portions of the screen and reduces contrast. 
With tinting, the small loss of brightness (as the phosphor is seen 
through the tinted glass) is compensated by increasing the brilliance 
control. The " black-level " seen by the viewer is determined by the 
ambient light reflected from the screen, and as this has to pasa through 
the tinted glass twice (once to reach the phosphor and once to reach the 
viewer) the result is a darker " black " and improved contrast. 

Metal Tubes 
At ano stage in the develop...ont of television tubes difficulty was 

experienced in manufacturing glass bulbs of about 16 in. diameter or 
more. To overcome this difficulty, metal-cone tubes were introduced. 

Within recent years, however, it has become possible to produce 
rectangular glass bulbs of any size up to 27 in. diagonal, and, as a result, 
very few metal-cone tubes are now used for monochrome television 
receivers. At present, metal-cone bulbs are used in certain designs of 
colour television tubes, but it is possible that even in this application, the 
metal-cone bulbs will be replaced by glass bulbs. 

Fluorescent Screen Shape 
The fluorescent screen, formerly circular, is now available in a 

rectangular shape approximately the size of the reproduced picture. 

"DOUBLE - Du 

ROUNDED CORNERS RECTANGULAR 
FIG. 1 I.—THESE ILLUSTRATIONS SHOW THE DIFFICULTY OF ACCOMMO-
DATING A RECTANGULAR PICTURE ON A ROUND SCREEN. THE 

DOTTED LINES REPRESENT LOST PICTURE AREA. 
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The picture sizes available on circular tubes are approximately 8 x 6 in. 
on a 10-in. tube; 9 x 7 in. on a 12-in. tube; 11 x 8 in. on a I4-in. 
tube; and 13 x 10 in, on a 16-in. tube; so that if the unused height of 
4-6 in. can be saved with the rectangular face, cabinet size and cost will 
be reduced. 

Handling Cathode-ray Tubes 

Although the danger of implosion when handling tubes is relatively 
slight, provided that care is taken not to let the neck strike the chassis 
or hard surface, it can occur, and it is advised that precautions to guard 
against the effects of such an implosion should always be taken. The 
high vacuum of modern tubes means that the pressure on the envelope 
is very high, amounting to about 1¡ tons on a 14-in. tube. It is there-
fore advisable to wear gloves at all times when handling tubes, while 
protective goggles give an added sense of security. 
Tubes should always be lifted and carried by placihg one hand beneath 

the face, this hand taking the weight and fulfilling the lifting action. 
The other hand should be placed on the flare to steady the tube. This 
avoids placing any strain on the junction between the cone and the neck, 
which is mechanically the weakest part of the tube. With metal-cone 
tubes the supporting hand must be beneath the face and not merely 
hooked under the lip, as this would impose a strain between the glass 
face and the metal cone. 
The tube must never be placed face downwards on hard surfaces, 

as this is likely to cause scratches. It is best to place the tube on a 
piece of felt or other thick material, or failing this a few sheets of 
paper. 
The risk of implosion is greatly increased if the glass surface is 

scratched or if the rim of a metal cone is knocked. It should also be 
remembered that the internal and external coatings of many tubes 
form a capacitor, and if the tube is handled when this is in a charged 
condition, it is possible to receive a shock sufficiently strong to induce the 
recipient to drop the tube; this risk can be eliminated by always con-
necting the final anode to the external coating when the tube is removed 
from its socket. Also, to touch this coating with damp hands will 
impair its insulating properties. 

Viewers should be protected from implosion by a strong glass or 
plastic screen suitable screens include 1-in, armour-plate glass (not 
ordinary plate glass) or -A-in.-thick flat perspex sheet. 

In time, a film of dust will be formed on the face of the tube by 
electrostatic attraction. This can be removed by wiping with•a soft, 
slightly% moistened cloth, after which it must be dried thoroughly. 
Anti-static preparations may be used, but the_ makers' instructions 
should be carefully followed. 
When refitting, never use force when inserting the tube into the 

deflection yoke and focus coil, and take care not to tighten the tube 
straps and clamps excessively: remember that while this might not by 
itself cause the tube to break, a tube subjected to excessive clamp 
pressure is much more liable to break should it be accidentally struck. 
Where it is desired to destroy a faulty- cathode-ray tube, a recom-

mended method is to place it in an enclosed box and then break it by 
means of a metal rod inserted through a hole in the lid of the box. 
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Correct Usage of Cathode-ray Tubes 
A British Standards code of practice (C.P. 1005 Parts 1 dt 2: 1954) on 

the use of cathode-ray tubes makes the following recommendations on 
how to secure optimum performance and life: 

Manufacturers' ratings should never be exceeded. 
Heater voltage should not vary more than 5 per cent from the rated 

value; low voltages are as much to be avoided as high. Television 
tubes which are designed to operate in a series heater chain should have 
the heater current restricted to 2.5 per cent of the rated value. 
When the tube is mounted horizontally, the correct method is to 

support the tube near the bulb at its maximum diameter and also 
to clamp the neck lightly near, but not actually on, the base. The 
fixing should be resilient, and metal-to-glass clamps avoided. The 
connections to the socket el: ild also be flexible. Provision should be 
made for the rotation of the tube. 

There should be adequate ventilation to ensure a safe temperature 
under all conditions, and it should be appreciated that the heat generated 
in adjacent components may largely determine the final temperature of 
the tube. 

Before applying a potential between the heater and cathode of a 
cathode-ray tube, the manufacturer's tube specification should be 
studied. If no maximum voltage is given it is better to restrict this 
value to the minimum possible, preferably less than 5 volts. 

There must always be a D.C. connection between each electrode 
and the cathode. The, resistance of this connection should be the 
utiiiimum practicable. 

Care should be taken to avoid scratching or otherwise damaging the 
surface of the glass. 
To ensure maximum cathode life, tubes should be run at the minimum 

useful brightness. 
To prevent damage to te screen material, tubes should not be 

operated with a stationary or slowly moving spot, except at low beam 
current density. 

Stray magnetic fields may produce serious adverse effects. Inter-
ference from such fields may be minimized by the suitable spacing and 
orientation of neighbouring components. 

New Display Tube Devices 
Cathode-ray tubes for television generally consist of a glass screen, a 

conical glass bulb and a glass neck, which when joined together give the 
tube a considerable length. The length of the tube is the main factor 
determining the depth of the cabinet in which the receiver is lotated, and 
there has been a continued demand for television receivers to be as 
small as • pPssible, without affecting the size of the picture. Con-
siderable reduction in cabinet size has been made possible by pro-
gressively increasing the scanning angle of the cathode-ray tube to 
70°, then to 90° and more recently to 110°. In this way a worthwhile 
reduction in the length of the bulbous part of the tube is achieved, 
although it leaves the neck in which the electron gun is sealed virtually 
unaltered. 
To obtain a still greater reduction in tube length, flat tubes have been 

developed, both in this country, by Dr. Gabor, and in America, by 
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W. Ross Aiken. These tubes consist essentially of a flat glass box 
having a depth of about 4 in. and a rectangular cross-section, on the 
end of which tho fluorescent screen is deposited. The electron -gun is 
located within the glass box, and hence there is no neck attached to the 
tube. Tho display tubo resembles in many respects a picture which 
can be hung on tho wall separately from the rest of the television 
receiver. 

The Gabor Tube 

• The Gabor tube is illustrated in Fig. 12.* Dividing the box into two 
compartments is a magnetic shield situated at the mid-plane of the box. 
The electron gun is situated centrally at the top of the tube behind this 
magnetic shield. Tho electron beam is directed vertically downwards, 
passing through a conventional focusing lens, and is then deflected 
from side to side across the width of the tube by a pair of deflector 
plates. At the bottom of the magnetic shield the electron beam comes 
under the influence of a special reversing lens. The effect of this leis 
on the beam is to bend the beam through 180° so that it then travels 
upwards and in front of the magnetic screen. The design of this re-
versing lens is very oritice, and the dimensions have to be maintained 
to very close limits to preserve the quality of the beam. In addition to 
reversing the beam, the lens also increases the divergence angle of the fan 
by a factor of about four, which means that on leaving the lens the beam 
is being swept through an angle of about 120°. The beam is, therefore, 
being deflected across the whole width of the tube very soon after leaving 
the reversing lens. To ensure that the beam does not over-scan the 
width of the picture, the beam is influenced by a eollimating lens. 
This lens is produced by a magnetic element. After passing through the 
collimating lens, the beam continues on this path vertically upwards 
parallel to the magnetic shield while being deflected horizontally 
through a distance equal to the picture width. It only now remains for 
the beam to be deflected through a further 90° to bombard the fluorescent 
material deposited on the tube face-plate. 

This final deflection is achieved by a scanning array, shown in Fig. 13, 
consisting of a large number of horizontal linear conductors. These 
conductors are supported on an insulating base and are not connected. 
They are charged and discharged by the action of the electron beam at 
the ends of the scanning lines. A negative potential wave travels down 
the array of horizontal conductors, and, at the particular point at which 
the wave has reached, the electron beam is deflected through 90° to 
bombard the fluorescent screen. An important feature of this deflec-
tion is that the beam, in addition to being bent through 90°, is also 
focused to give a very fine image. 
The charging action described in the previous paragraph is achieved 

by secondary emission, which is effective when the beam has traversed 
its line sweep. Fig. 13 illustrates the principle of the frame-scanning 
action, which is brought about by the electron beam. 

• Figs. 12 and 13 are reproduced by permission of he Institution of Electrical 
Engineers from " A New Cathode-Ray Tube for Monochrome and Colour Tele-
vision" by D. GABOR, P. E. STUART and P. G. KALbIAN, Proc. I.E.E., Vol. 
105, Feb. 1958: 
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For economic reasons, it is unlikely that this type of tube will be used 
for nu nochrome displays. The main use for such a tube will probably 
be in colour television. To achieve colour pictures three separate 
cathodes are situated in.the electron gun. The three beams are foeused 
and deflected by a common electrode structure, and are then reversed 
in direction and collimated as previously described. Because of the 
slightly different relative positions of the three beams, they bombard 
the three colour phosphor strips, which are deposited as triplets of 
horizontal rows, thus giving the colour picture. 
The development of the flat tube in this country has only so far reached 

the laboratory stage, and there are several technological difficulties still 
to be overcome. It can be seen, for example,that instead of simplifying 
the internal structure of the cathode-ray tube, the converse has taken 
place, and the structure is mote complicated. Flat tubes have been 
made in America by W. Ross Aiken, and have been applied to radar 
applications. An example of their use is in aeroplane cockpits, where it 
is possible to superimpose a radar presentation on the general view seen 
by the pilot. 

THE ELECTRON BEAM 
Cathodes 
Modern cathode-ray tubes use indirectly heated oxide-coated 

cathodes. 
Mixtures of barium, strontium and calcium carbonates are extremely 

good emitters compared with pure metal emitters at the same temper-
ature. The normal operating temperature for the oxide-coated cathode 
is approximately 1,100° K. If this is greatly exceeded, the life of the 
cathode will be reduced due to barium evaporation. 
The carbonate mixture used for cathodes consists of nearly equal 

parts of barium and strontium carbonates, with a small percentage uf 
calcium carbonate. The mixture can be applied to the core material, 
which is of nickel, in a liquid carrier, the most common being nitro-
cellulose lacquer. The coatings are required to have a uniform thick-
ness of the order of 0-07 mm. If the coating is too thick, the surface will 
run cool, while if the coating is too thin, the cathode life will be 
shortened due to high temperature, and emission will not be uniform. 

Cathodes are activated by heating the cathode in vacuum to a temper-
ature considerably higher than that of normal operation. 

Oxide-coated cathodes can be poisoned by contaminating gases or 
vapours, which can further completely destroy the cathode surface by 
ionic bombardment. The latter defect is partly overcome by means of 
the L-cathode, in which the oxide cathode is surrounded by a pellet of 
tungsten through which the free barium migrates to the surface. 
Bombardment of the surface by positive ions may temporarily destroy 
the barium layer, but this can readily be reformed, provided there is 
sufficient barium oxide present in the cathode mixture. A further 
advantage claimed for the L-cathode is that it can operate at a much 
higher loading, thus enabling smaller fluorescent spots to be obtained 
on the screen. 

Deflection Coils 
The three main requirements of scanning coils are that they should 

give : ( 1) linearity of scan; (2) rectangular raster; ( 3) freedom from 
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deflection defocusing. In addition to these requirements, the coils should 
have a high sensitivity, whilst certain inductance and resistance values 
will tend to simplify the design of scanning circuits. 

In practice, the tendency is for deflector coils to be developed to suit 
particular tubes, rather than for the adoption of a general design 
theory. 

It is necessary to compromise between sean distortion ( i.e., pin-
cushion or barrel) and deflection defocusing, for a given beam diameter. 
Both qualities depend upon the uniformity of the deflecting field. In 
pin-cushion distortion the edges of the raster are curved inwards instead 
of being straight, while in barrel distortion the raster edges are curved 
outwards. To achieve a uniform field, it is usual to have coils wound on 
the opposite limbs of a laminated core. The coil can be made to fit 
tightly around the tube neck by having a toroidal wound circular iron-
core deflecting coil, with the density of the windings proportional to 
cos /3 ( Fig. 16). Very uniform fields can be obtained, but, in practice, 
it is usual to make an approximation to the cosine distribution of wind-
ing. By using slotted cores it is possible to use the slots to obtain 
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uniform positioning of the windings (Fig. 17). A true cosine distribu-
tion, however, could cause scan distortion giving a pin-cushion shape, 
and this can be overcome by increasing the number of turns at low 
values of /3 or decreasing the turns for high values of /3. This is usually 
determined by exneriment. 

For coils used with low-scan-anglo television tubes economic con-
siderations usually enforce the use of air-core coils provided with a low. 
reluctance. return path around the outside, reducing the stray external 
magnetic field, and improving the field inside the tube. Grading is 
usually done by using differing wire gauges; a coil may consist of three 
different gauges. 

Care is needed with the end turns of the coils, for these contribute 
nothing to the required beam deflection, and can cause harmful results, 
such as defocusing and non-linearity. Improved performance is 
usually obtained when the end turns are taken as far away from the tube 
neck as possible (see Fig. 19). 
The modern trend in television practice is towards shorter tubes and 

larger screens, thus causing an increase in the maximum angle of de-
flection up to 110°. This increase in sean angle, combined with higher 
E.H.T., calls for considerably increased power in the deflection circuits. 
Some compensation in the scanning-power requirements may, however, 
be obtained by reducing the neck diameter, thereby enabling the coils 
to be situated much nearer the beam. 

FIG. 18.---ONE SADDLE-SHAPED COIL 
FROM A DEFLECTING-YORE. 
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PHOSPHORS 
A fluorescent material (or " phosphor ") consists of a crystalline, 

usually inorganic, powder which is applied to the inside of the glass, 
and has the property of absorbing invisible radiation and re-emitting 
it as visible light. The chief materials used are sulphides, silicates,. 
tungstates and phosphates; but their fluorescence nearly always de-
pends upon the presence of a very small quantity of a second substance, 
known as an activator, which intrudes into the crystal lattice, and is 
usually metallic, such as silver, copper or manganese. An i,rnportant 
requirement is a high degree of purity for both substances. 

Phosphors differ among themselves in three respects, namely, (a) 
colour of luminescence, (b) afterglow or persistence and (c) luminous 
efficiency; the effects of which are as follows: 

(a) Cotoun. The colour of the fluorescence obeys Stokes' law, i.e., 
the wavelength of the emitted light must be longer than that of the 
exciting radiation. For example, a screen is used which receives blue 
light from a second screen in contact with it, and re-emits it as a yellow 
light. For cathode-ray-tube purposes, however, the exciting radiation 
is in general the electron stream, which has a wavelength of the order of 
10-6 that of visible light. 
As regards the various available colours, green is somewhat at an 

advantage for visual tests and observations, since it is that to which the 
human eye is most sensitive. Blue is preferred for photography. 
For television, white is naturally required; but a slight tinge of blue is 
frequently added to counteract the effect of room lighting. 

(b) ArrERGLOW. With some materials, the luminescence ceases 
almost immediately the exciting cause has been removed; e.g., in about 
20 microseconds. In other cases, the trace takes an appreciable time to 
die out, such as 0-1-180 seconds, and this persisting effect is known as 
phosphorescence. It may be of a different colour from the fluorescence 
proper, and in some cases at least it can be eliminated by the addition 
of an inhibitor or " killer ", such as nickel. Afterglow is a considerable 
advantage for some applications and a serious drawback for others. 
For general test observations, a slight afterglow obviates flicker, and the 
trace is hence less tiring for the eyesight. For most radar purposes, 
such as plan position indicators, a long afterglow, of up to 40 seconds 
or more, is desired, in order that the display may remain visible between 
successive 't paintings ". But for photographic recording on a moving 
film, even the shortest afterglow causes blurring. For television, any 
persistence from one frame to the next (i.e., for h second in Great 
Britain) would give double images, and must be rigorously avoided. 
In some radar applications a very long afterglow—up to 15-20 

minutes—may be required. Conventional long-after-glow phèsphors, 
such as fluoride screens, are not really suitable for these applications, 
as the afterglow trace can be seen only as a very faint signal when viewed 
in complete darkness following a long period of dark adaptation. Such 
viewing conditions are very fatiguing, and therefore not highly favoured. 

There are solutions now available to this problem of long afterglow. 
The first is to use storage tubes (see " electronic storage tubes " later in 
this section); the second is by the application of heat to the fluorescent 
screen. 
When a phosphor is bombarded by an electron beam, part of the 

beam energy is converted into visible light, which is emitted instan-
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taneously, while a further part of the energy is used to provide the after-
glow. In the phosphor material there are empty electron traps which 
become filled when the phosphor is excited by the scanning beam. 
During the natural return of the excited electrons from the traps to 
their steady state, light is emitted and is visible in the form of afterglow. 
This decay of light output usually follows an exponential law. It is 
known that some electrons are held in the traps for a v( y long time, 
and therefore if these electrons could be released in a controlled manner 
the afterglow of the phosphor could be modified. A possibl way by 
which this can be achieved is by the application of heat. Thus, in tu e 
operation of the tube, the signal is applied in the normal manner, and 
the natural decay law is observed. After the required interval of time, 
which for some phosphor matel'ials can ho several days, the stored 
information is released as a visual display by heating the screen. 

(c) LUMINOUS EFFICIENCY. The effectiveness of a phosphor depends 
to some extent on the wavelength of the exciting radiation. In the 
ease of low-pressure fluorescent lamps, most of the radiation has a WaVil. 
length of about 0-25 micron in the ultra-violet, for which silicates, 
tungstates and halo-phosphates are the most suitable; but for cathode 
rays, sulphides give the maximum efficiency; which may amount to as 
much as 7-8 candles per watt at 15,000 volts from cathode to screen, are i 
they are tending to replace all other types. 

Fluorescent Materials 

The principal fluorescent materials used for cathode-ray tubes are tlei 
follows : 

(1) Zinc orthosilicate, with 1 per cent by weight manganese activator, 
giving a green colour with slight afterglow. This substance is met with 
as the ore willemite, some varieties of which fluoresce in the natural 
state. It is, however, best prepared artificially. It has for long been 
the standard " general-purpose " screen material, its robustness 
especially as regards an over-bright spot, being a special advantage. 

(2) Calcium tungstate, blue-violet, very suitable for photography, 
practically no afterglow. This is also found in nature as the ore 
scheelite, but as a screen material is made synthetically. It is now 
generally replaced by (3)(6) below, which has about six times the 
actinic effect on all photographic films. 

(3) Zinc sulphide and cadmium sulphide are considered together, as 
they crystallize in the sanie system and feria solid solutions in any 
proportions. The former fluoresces blue or green (depending on the 
activator), but by adding varying proportions of the latter, the colour 
may be varied even as far as red. They are the most efficient phosphors 
of all. Examples are as follows: 

(a) Zinc £ alphide activated with 0.01 por cent of copper, green 
with very long afterglow. A variant is also made having a blue 
colour with green afterglow. . 

(b) Zinc sulphide with 0-01 per cent of silver, blue, very sensitive, 
no afterglow. 

(c) Zino sulphide with 2 per cent of manganese, orange. 
(d) Zinc-cadmium sulphide (90: 10), activated with copper, 

greenish-yellow, very long afterglow. 
(e) Double-layer screen giving blue flash and yellow afterglow 
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of up to 40 seconds, consisting of (d) next the glass and (b) super-
posed upon it. 

(f) "'White" screen for television tubes, very short afterglow, 
consisting of a mixture of (b) powder mixed with a 50: 50 zinc-
cadmium sulphide activated by silver and giving a yellow colour. 
Direct-vision screens have a momentary brilliance of about 1,000 
c.p./sq. cm., and screens for projection even more. 

Application of Screen Material 

The fluorescent powder, which has a fineness ranging between about 
1 and 20 microns, is applied to the glass in several ways. A typical 
method is to coat the glass with a binder consisting of water-glass 
(sodium or potassium silicate) or of phosphoric acid dissolved in acetone, 
and to dry-spray the powder on to it. 

Another method which is used extensively on television tubes is the 
settling technique. This technique is considerably more economical 
on powder than the dry-spray method. In the settling operation a 
suspension of the fine, powder in water or other liquid is placed in the 
bulb, and the powder is allowed to settle on to the .glass. The water 
is decanted and the screen is then dried. Whatever method of screen-
ing is used, the aim is to form a very uniform, continuous layer of phos-
phor particles on the tube face. 
A recent development in the deposition of fluorescent screens is the 

evaporation technique. Conventional crystalline screens suffer from 
two defects. First, due to the thickness of the screen, internal light 
reflections in the crystal layer, as well as possible electron scattering, 
cause an increase in the spot size; and secondly, as the body colour of 
the material is white, the contrast is reduced when the screen is viewed 
under ambient illumination. Both of these defects aro overcome by 
using very thin transparent evaporated screens. 
The fluorescent material is evaporated from a boat on to the glass 

face plate. After evaporation, the screen is given a high-temperature 
bake to ensure that the phosphor and the . activator are intimately 
mixed. Depending upon the phosphor material used, the post-evapora-
tion bake is performed either in air or vacuum. 

Screens prepared by this technique have shown a worthwhile im-
provement in resolution, although at the present moment the luminous 
efficiency is not as .high as is obtainable from crystalline screens. On 
the other hand, however, evaporated screens are transparent, and 
therefore any external light which falls on the tube face is not reflected, 
but passes through both the glass face-plate and the evaporated 
phosphor layer, and is absorbed by the black coating of graphite on the 
internal surface of the bulb. The contrust is thereby increased, and 
such screens can be easily viewed even under exceptionally high levels 
of ambient illumination. 
Although these screens are, at the present, in the development stage, 

it is highly probable that within a few years evaporated screens will be 
used on radar tubes and also possibly on monochrome television tubes. 
A further possible application is on colour television tubes. Separate 
layers of material capable of emitting light of different colours can be 
evaporated on to the tube face. By modulating the energy of the 
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ttron beam, the depth of penetration o; the beam into the evaporated 
screen layer can be controlled, thus altering the colour of the emitted 
light. 

Cathode-ray-tube Screens 
There is no general classification of luminescent screens in Great 

Britain. Table 1 uses American R.M.A. notation. The description of 
purpose is sufficient for the identification of most normal phosphors 
from catalogue data. Persistence, or afterglow, is the period of con-
tinued visibility after cessation of electron bombardment. 

TABLE 1.—NOTATION or AMERICAN PHOSPFIORS 

• Phosphor Colour 
Number 

Persistence Purpose 

P I Green I 10-100 millisec. 

P4 White Short 

General repetitive work in 
which observation is 
visual and frequency 
greater than about 25 
c/s. 

Most common use in tele-
vision tubes;. rarely 
used for oscillography. 

l'7 Blue-green Up to several Used for a low-speed work, 
(double minutes observation of transients 
layer) and radar. Persistence 

depends upon voltage, 
current and duration of 
excitation. 

pli Blue Very short Photography, including 
moving-film recording. 

• ELIMINATION OF ION BURN 

If a tube has not been thoroughly evacuated, any residual gas will 
become ionized when the tube is operated. Negative ions, together 
with those emitted from the cathode, will travel with the electrons and 
bombard the screen, while positive ions will proceed back down the 
tube and bombard the cathode. Negative-ion bombardment causes 
the screen to show a dark discoloration when scanned. With electro-
statically deflected tubes the deflection of ions is the same as for 
electrons, and the whole raster becomes uniformly dark. With 
magnetically deflected tubos, however, the negative ions are not 
deflected by. the magnetic fields, and a • dark central circular patch, 
which is a shadow of the tube neck, appears on the screen. 

There are at present three methods of overcoming this trouble. 
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First, to ensure that there is no residual gas present in the tube; second, 
if there are ions present, to prevent them reaching the screen; and third, 
if the ions do reach the screen, to ensure that no damage is done. 

Considering these three methods in detail: 
(1) To ensure that there is no gas present in a cathode-ray tube is an 

almost impossible task. Furthermore, to attempt to achieve this state 
would be a lengthy and costly process. 
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FIG. 22.—ION-TBAP DESIGNS. 
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(2) Several ingenious designs of gun have been introduced to prevent 
ions from reaching the screen. Either these employ superimposed 
magnetic and electrostatic fields in the triodo region of the gun; or the 
axis of the beam, which is initially off the tubo axis, is deflected on to 
the tubo axis by an external magnetic field, which acts only on the 
electrons. The negative ions proceed in their off-axis path and are 
trapped on the anode. 

It can be seen that the successful operation of such ion traps depends 
upon the different paths followed by the electrons and negative ions 
under the action of magnetic fields. This path difference is already 
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existent in all magnetically focused tubes, and has led to the design of 
the following ion trap which needs no extra electrostatic or magnetic 
field. The negative ions proceed from the cathode-modulator region 
as a divergent cone, while the electrons upon entering the focusing 
field have their paths altered. Over a portion of their path, through 
the focusing field, the electrons travel parallel to the tube axis. There-
fore by arranging a series of coaxial cylinders at the appropriate position, 
the electrons will continue towards the screen, while the negative ions 
will be trapped on the cylinders. 

Fig. 22 indicates various forms of ion traps. In traps that employ 
combined electrostatic and magnetic fields, the positive ions which 
travel back towards the • cathode will be deflected away from the 
cathode and will harmlessly bombard the modulator. Thus, in addition 
to preventing negative ion burn of the screen, these traps save the 
cathode from being destroyed by the back-streaming positive ions. 

(3) The third technique of preventing ion burn is by protecting the 
screen with a layer of aluminium. The layer permits the passage of 
electrons, absorbing only a small fraction of their energy, but it acts as 
a barrier to the negative ions. Tho aluminium film is obtained by 
evaporation, and to make, the film continuous, a nitro-cellulose layer is 
initially applied to the phosphor. This can be done by allowing a drop 
of nitro-cellulose to spread over a water surface which covers the screen. 
By tipping the water off, the nitro-cellulose blanket rests on the phos-
phor crystals and serves as a foundation on which to evaporate the 
aluminium. After the evaporation process, the nitro-cellulose blanket 
can be decomposed by a high-temperature bake, leaving a continuous 
aluminium film. Tho aluminizing of screens introduces advantages 
additional to the prevention of ion burn. ' Tho aluminium layer reflects 
in a forward direction, outward from the screen, light which would 
otherwise have been lost in the interior of the tube. Thus, other 
conditjons being equal, aluminized screens will have a higher brightness. 
The contrast is also improved since the aluminium layer prevents light 
from the bright parts of the picture illuminating the dark parts. 
Finally, the difficulty of the screen potential " sticking " is overcome, 
enabling the tubes to operate at higher potentials. This sticking is • 
explained in the next paragraph. 

No'rmally the potential of a non-aluminized sareen is maintained at 
anode potential by virtue of secondary emission. If, however, the 
anode voltage is increased to exceed the value for which the secondary 
emission coefficient becomes loss than unity, the screen potential will 
be unable to follow the anode potential and will" stick " at the potential 
value corresponding to a secondary emission coefficient of unity. With 
aluminized screens, however, no such limitation exists, as the aluminium 
layer is connected to the final anode, and thus maintains the screen at 
anode potential. 
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RADAR TUBES 

Cathode-ray tubes used for radar do not differ basically from those 
used for other purposes. Cathode-ray tubes using electrostatic deflec-
tion and focusing are used for A- and B-scan displays, because the 
necessary high writing speeds and accurately linear traces are more 
easily obtained from voltage- than from current-generating circuits, 
such as are required for tubes using magnetic deflection. 
In displays where range measurement is liable to be made at any point 

along the trace, it is important that astigmatism and deflection de-focus-
ing should be small. 

Brightness requirements do not usually present much difficulty, 
because room lighting can be kept reasonably low: however, some 
difficulty may arise where the.indicator is viewed in daylight and also 
with some very short-range displays. The pr.;blem in the latter case 
arises from the fact that a short range means a high writing speed and a 
correspondingly short period of illumination of the trace. This cannot 
be compensated by increasing the pulse-repetition frequency beyond a 
certain point, owing to limitations of the magnetron, now almost 
universally used for radar transmitters. For these reasons, it may he 
necessary to compromise between brightness, focus quality and tube life. 

It is best to increase brightness by increasing the final anode voltage, 
but difficulties arise due to the necessity for increased deflecting voltages 
to obtain the same deflection; and also in the tube construction, it 
is often necessary to provide separate side-arm connections for the 
final anode and the four deflector plates, since the increased voltages are 
too great to permit these connections being brought out through the 
base. 
For P.P.I. displays, the magnetically focused and deflected tube is 

mainly used. The duration of the sweep is relatively long, and the in-
ductance of the deflecting coils is not objectionable, in fact it may be 
used to assist in forming the saw-tooth waveform. 

Advantages of magnetic tubes are that higher beam currents are 
obtainable for a given focus quality, and that a higher operating anode 
voltage necessitates only one side connection to isolate the anode poten-
tial from the other connections in the base. 

Higher beam power is almost essential in P.P.I. displays to obtain 
adequate brightness of the long afterglow screen that must be employed, 
owing to the slow repetition rate of the scan of the aerial, which is of the 
order of six to thirty per minute. 

Against the advantages of the magnetic tube, it should be noted that 
tubos using magnetic focusing require individual adjustment of the 
alignment of the magnetic lens with respect to the electron beam to 
obtain optimum focus. A badly aligned magnetic lens can produce 
worse spot distortion than the best electrostatic lens (of necessarily 
smaller aperture) for equal beam currents. For this reason P.P.I. 
tubes using electrostatic focusing but with magnetic deflection are 
sometimes used in cases where only semi-skilled maintenance is possible. 

Screens 
The choice of screen largely depends on the periodicity with which the 

information displayed is written on the screen. 
In the majority of A-scan displays, for example, the trace repeats 



24-26 RADIO AND TELEVISION REFERENCE BOOK 

over the same path on the screen at least twenty-five times per second„ 
and persistence of vision makes the trace appear continuous. For 
this type of display, therefore, a screen having high visual efficiency 
and negligible afterglow is used. As in ordinary oscilloscope practice, 
willemite (zinc orthosilicate) or green response sulphide screens are 
suitable. 
In a P.P.I. display, since the trace may scan the same point on the 

screen only once every 2-10 seconds, it is necessary to use a screen having 
a long afterglow in order that the picture may persist for several re-
volutions. .The three main types of long-afterglow screens are: ( 1) 
double-layer sulphide screen; (2) single-layer fluoride screen; (3) potas-
,ium dhloride screen for use in the Skiatron ". Of these three, the 
single-layer fluoride screen is now used most extensively in tubes operat-
ing at 10-15 kV. 
The " Skiatron " or dark-trace screen is formed by evaporating 

potassium chloride in vacuo on to the glass bulb of the tube. The 
resulting screen is white, but turns magenta where bombarded by the 
electron stream. This coloration persists for a time, depending on the 
intensity of the electron excitation. 
Compared with a bright trace tube, the skiatron is of low efficiency, 

and an electron beam power of about 10 kV at 300 A is required for 
good contrast. 

Large-scale Displays 
For ease of plotting, or where several observers are concerned, a 

large screen is desirable. 
Although optical projection is common in television, this method 

cannot be used with a double-layer afterglow tube. One method is to 
separate the two layers of a double-layer screen, leaving only the first 
layer within the tube. The blue light from this layer can then be 
projected by optical means on to a large screen coated with the after-
glow powder normally used for the second screen. 
Another method of obtaining a large-scale display is by the use of the 

skiatron, which has been developed especially for this purpose. The 
tube has a standard magnetic deflection and focusing system and a 
screen which darkens uncle.' electron bombardment. As the trace is 
dark, it is possible to illuminate the tube screen by external light and 
project an image of it on to a large viewing screen by using ordinary 
optical methods. The viewing screen can be flashed opal glass, on 
which chinagraph pencil marks can be made for plotting. 

Since powerful illumination is required for satisfactory projection, 
it is usual to illuminate the screen by the cold light .of mercury vapour 
lamps, and in practice it is usually desirable to keep down the screen 
temperature by means of an air blast. 
Although the skiatron provides an easy method of obtaining a large-

scale display, it suffers from th'e disadvantage that permanent echoes 
give stains which take a long time to decay. If the equipment is used 
on a moving ship this results in the picture being smeared. 

Post-deflection Acceleration 

Not all radar applications necessarily display the information in 
P.P.I. form. There are several instances in which the incoming signal 
is used to deflect the electron beam, such as, for example, in A-scan 
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displays, rather than to intensity-modulate the beam as in P.P.I. 
displays. In the A-scan displays tubes are used employing electro-
static focus and deflection of the electron beam, and the highest possible 
deflection sensitivity is required from the tube. There are several ways 
of achieving this increase of sensitivity. One method is to deflect the 
beam at low energy, and then to accelerate the beam to high energy 
during its travel from the deflecting region to the screen. This tech-
nique, which is known as post-deflection acceleration (P.D.A.), has been 
done in the past by applying successively increasing potentials to ad-
jacent conducting bands on the internal surface of the wall of the bulb. 
Usually there are only two such bands, but in very high-voltage tubes 
there may be as many as four or five. The reason for having a greater 
number of bands is that the ratio,of the potentials of adjacent bands has 
to be kept as low as possible, otherwise the trace becomes distorted, 
due to the lens action, which is always present when two adjacent 
cylindrical conductors are maintained at different potentials. Al-
though this form of P.D.A. has been used quite extensively, the limita-
tions of scan distortion have been known for a long time, and hence the 
ratio of the screen voltage to gun voltage has been limited to about two. 
Recently a proposal first made in the • early days of cathode-ray-tube 
development has been revived. This is to paint a spiral of graphite 
on the internal surface of the bulb extending from the region of the de-
flector plates up to the screen. The resistance of this graphite spiral 
is very high, and across the spiral the post-deflection accelerating 
potential is applied. The action of the spiral is to apply the accelerat-
ing field in a more uniform manner, thereby minimizing any scan-
distortion effects. By this technique it has been possible to increase 
the ratio of screen voltage to gun voltage up to six or more. 

Travelling-wave Deflection Tubes 

There are also applications where it is necessary to display wave-
forms containing frequency components up to 1,000 Me/s. Con-
ventional A-scan display tubes cannot be used in these applications 
for two reasons. Firstly, the time taken for an electron to traverse the 
deflector plates is long compared with the time of one cycle of the 
highest frequency to be displayed, and hence the resultant deflection of 
the beam will not be a faithful reproduction of the applied signal. 
Secondly, the deflection sensitivity of the tubes is too low, and hence 
several tens or hundreds of volts are necessary to produce an appreciable 
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deflection on the screen. This limitation imposes difficulties on the 
design of suitable amplifiers to provide sufficient volts for deflecting 
the beam.'  
To overcome these difficulties a cathode-ray tube employinga 

travelling-wave deflection system has been developed. The deflecting 
system, which is shown in Fig. 23, consists of an outer metallic cylinder 
and an inner helix of metal tape wound on an insulating former. The 
signal is applied to the helix. The electron beam travels in the space 
between the inner helix and the outer conductor. The velocity of the 
beam is adjusted to equal the axial velocity of the signal along the 
helix. By this means the electron beam experiences the same deflecting 
force each time the beam passes the separate turns of the helix. Transit-
time distortion can be eliminated by reducing the width of the tape, 
while sensitivity can be increased by increasing the number of turns of 
the helix. The deflecting system shown in the diagram is for non-
push-pull deflection voltages. By having two helices side by side inside 
the outer cylinder and passing the electron beam between the two 
helices it is possible to apply push-pull voltages to deflect the beam. 
Deflecting systems of the type shown in Fig. 23 have been developed 
having a frequency response extending up to 1,300 Mc/s, and a deflection 
sensitivity such that only 0.5 volt is required to deflect the spot through 
a distance equal to its diameter. 

Electronic Storage Tubes 
Electronic storage tubes are becoming more popular and are being 

used to a greater extent. The main uses to which these tubes are put 
include computers, where it is necessary to store information required 
in the arithmetical processes, oscillography, where information can be 
recorded and studied at leisure instead of making photographic records, 
and radar applications. In this last application it is often necessary 
either te obtain a degree of control on the afterglow of the display or to 
convert the radial P.P.I. display into a television-type raster display 
suitable for relaying to various display panels. 

All storage tubes depend for their action upon the charging and dis-
charging of an insulated surface. The charging action can be effected 
either by secondary emission or else by bombardment-induced con-
ductivity. The secondary emission ratio of an insulator decreases 
with increasing electron velocity after the ratio has passed through a 
maximum, usually at about 1 kV. The voltage of the writing beam is 
adjusted so that the secondary emission ratio is less than unity, and 
there is, therefore, a net gain of electrons on the insulated surface. This 
is the action of writing on the information. For reading, the potential 
of the beam is adjusted to operate at a value where the ratio is greater 
than unity and there is, therefore, a loss of electrons as the beam scans 
the surface. While this explanation is somewhat over-simplified, it 
serves to explain the basic principle. In brief, the writing beam 
effectively deposits on the storage surface a charge pattern represent-
ing the radar-plan view, and the reading beam reads this picture and 
reproduces it by television scanning methods. 

In applying these principles to a radar-scan conversion storage tube, 
two electron guns are normally used. 
The first beam, known as the writing beam, creates a charge on the 

surface of the insulator, the charge varying from point to point as the 
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FIG. 24.—DIRECT•VIE WINO STORAGE TUBE. 

intensity of the scanning electron beam is modulated. The second 
beam, known as the reading beam, has a very low current and can be 
made to discharge a charged point by a fractional amount per scan. 
The storage target consists of a metal plate, for exarniale aluminium, 
which has an insulated surface a few microns thick. This insulated 
surface can be aluminium oxide, which may be deposited by anodizing 
the aluminium plate. In such tubes, the two guns are on the same 
side of the target surface. Tubes are made, however, with the guns on 
the opposite sides of the target, as indicated sn Fig. 24. The target in 
these tubes consists of a very thin aluminium film as the signal electrode 
through which the writing beam penetrates, and on the side of the target 
facing the reading gun is deposited a thin layer of a suitable insulator, 
for example, zinc sulphide. With these tubes it is possible to retain 
the information for several minutes, although by increasing the current 
in the reading beam the decay time can be shortened to a second or so. 
This technique, the:efore, affords the possibility of controlling the after-
glow of the radar display. 
The im signals are taken from the metal hackplate of the 

target surface and, after a.nplification, applied to a television tube for 
direct viewing or projection. The television-tube scan must be 
synchronized with the reading-beam scan. The number of scans for 
full discharge of any area on the le reen depends on the reading-beam 
current, and this can be adjusted, within fairly wide limits, to give any 
desired decay rate. 

Since the scanning rate of the reading bearn, and therefore of the 
display tube, is high, the screen of this tube need not have any afterglow 
properties. High beam power can be used, and therefore high 
brightness obtained with this method. 
Although the storage tube has considerable advantages over earlier 

methods, it should be remembered that the system is complicated by the 
additional television circuitry required. Another drawback is that the 
definition of the storage tube is barely good enough to show signals .4f 
low-signal-to-noise ratio. 
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There are radar applications where it is necessary to view the in-
formation under high levels of ambient illumination, and fpr these 
applications directly viewed storage tubes have been developed, os 
indicated in Fig. 25. Such tubes are also now being employed in oscillo-
graphic applications, where information can be retained on the tube 
face and inspected over an indefinite period. Again, two electron guns 
are normally used, although sometimes a third gun is incorporated to 
,act as a replenishing gun to retain the charge pattern on the target. 
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Seas CONVERSION. 

The storage surface in these tubes consists of a metallic mesh, on one 
side of which is deposited an insulated layer. This mesh is spaced a 
short distance away from the fluorescent screen, which is maintained 
at a very high positive potential. 
The reading gun produces a flood beam of electrons which bombard 

the storage mesh normally. The number of electrons from the, flood 
gun which penetrate the storage mesh is governed by the potential to 
which the discreet parts of the insulated layer have been charged by the 
writing beam. 
The effect, when the reading beam floods the storage mesh continuously 

rather than sequentially, as in a television system, means that a con-
siderable gain in brightness is obtained. This gain in brightness allows 
the trace to be viewed in high levels of surrounding illumination, such as 
are encountered, for example, in aircraft flying at very high altitudes. 
In the two gun versions of the directly viewed storage tube, one of the 
limitations is the natural decay of the stored information from the 
surface. The main reason for this decay is the action of the positive 
ions, which are produced in the tube and are attracted towards the nega-
tively charged storage mesh. It is essential therefore that in the pro-
duction of these tubes the best possible vacuum is obtained, and this 
usually means that the tube has to be given a prolonged pumping 
schedule. 

L. S. A 
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THERMIONIC VALVE RECTIFIERS 

An ordinary metallic conductor presents the same resistance to 
current flowing in either direction, but there are many types of circuit 
element in which the resistance to current flow in one direction is much 
greater than the resistance to current flow in the reverse direction. 
The introduction of a non-linear device of this nature into an A.C. 
circuit will result in the average current on one half-cycle being greater 
than on the other half-cycle. Rectification takes place and a D.C. 
component of current appears in the circuit. 

Principle of the Thermionic Diode 

There are many types of non-linear element suitable for use as rectifiers, 
but the thermionic diode is convenient and efficient: it is small and 
cheap, and the resistance in the forward direction is low, while the 
resistance in the reverse direction is extremely high. In its simplest 
form the thermionic diode is a two-electrode device, a heated filament 
—the cathode—forming the electron emitter, and an anode electrode 
surrounding the cathode to receive the electrons. During the half-
cycle of applied voltage when the anode is positive with respect to the 
cathode, current will flow, convention requiring that it be considered 
to flow from anode to cathode, though the electron movement is from 
cathode to anode, but during the reverse half-cycle the current flow is 
negligible. 
The unidirectional flow is the result of the basic mechanism of current 

conduction in the diode, the current to the anode consisting of a stream 
of electrons, negatively charged particles emitted by the heated cathode 
and attracted to the anode only when that electrode is positive with 
respect to the emitter. Childs and Langmuir have shown that the 
anode current in a thermionic diode is given by an equation of the form 

/ = kV^   (1) 

where I is the anode current; k a constant; V applied voltage; n a 
constant, 1-5 approx. This equation is strictly accurate only when 
the two electrodes consist of infinitely large parallel plates, but it is 
very nearly accurate for practical valves, Fig. 1 showing the measured 
and computed values of current for a particular sample of the 5U4G 
rectifier valve. 
The anode current computed from equation ( 1) holds good only at a 

specified value of heater voltage, the anode current for a fixed value 
of anode/cathode voltage being a function of cathode temperature. 
Present designs of rectifier valve have permissible maximum peak 
currents at least five to ten times the rated D.C. load current, and in 
consequence only a small fraction of the cathode emission arrives at 
the anode. 

2S-2 
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At low values of anode current the current is not greatly affected by 
heater temperature, for there is a more than adequate supply of 
electrons, but at high values of anode current the emitter temperature 
is the controlling factor. Fig. 2 indicates the result of measurements 
on a T.JU5 at three values of heater voltage, and anode currents up to 
100 mA. It will be apparent that the condition of a valve will not be 
indicated by a check on the anode current made at a low anode voltage. 

Indirectly-heated Cathodes 

The majority of the commercial rectifier valves now available do not 
employ a filamentary cathode structure but have indirectly heated 
cathodes consisting of a circular or rectangular tube having a coating 
of the oxides of thorium anil barium as the emitting surface. The 
cathode tube or sleeve is maintained at the working temperature (800-
1,000° C.) by a heater or filament supported inside the tube but insulated 
from it by a spacer of Alumina. Typical constructional details are 
shown in Figs. 3 and 4. 

Indirectly heated cathodes of the type described have the advantage 
that the whole of the cathode is at the same potential with respect to 
the anode, and therefore shares the total emission uniformly over the 
surface. A filamentary cathode will have one end of its filament more 
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(a) 

1 

(d) 

FIG. 3.—CONSTRUCTIONAL DETAILS. 
(a) heater. (b) Cathode sleeve. (e) Anode. (d) Glass press and anode support. 

(e) Assembly ready for insertion in the bulb. (I') Completed Mazda U903. 

positive with respect to the anode by the amount of the voltage drop in 
the filament. This leads to a non-uniform distribution of the emission 
along the filament, and honre a shorter life. 

Anode Construction 
The anode electrode is basically a tubular or rectangular tube, 

generally of nickel or nickel-plated iron, supported concentrically 
round the cathode; but in practice it is generally provided with ribs 
or fins to stiffen the structure against distortion in order that the anode/ 
cathode clearance be maintained. The ribs and flanges serve to 
increase the heat dissipation, but it is also common practice to coat the 
anode with carbon for the same purpose. It will be obvious that the 
anode temperature mut be kept well below the temperature at which it 
emits electrons, or current conduction would take place in both 
directions through the valve. 

E.H.T. and High-current Types 
For valves intended for high-voltage rectification, such as are 

necessary in cathode-ray tube E.H.T. supplies, it is necessary to take 
special precautions in the mechanical and electrical design of the valve 
to avoid corona and flashover. Anode and cathode leads are taken 
out at opposite ends of the bulb, the anode being supported clear of 
the pinch to increase creepage clearances, and having rolled edges to 
reduce corona. A typical valve of this type is shown in Fig. 5. 
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FIG. 4 (left).—CONSTRUCTIONAL DETAILS OF TEE MAZDA UU9. 
(a) Exhaust Seal. (b) Mica spacer. (e) Anode No. 1. (d) Common cathode. 

(e) Anode No. 2. (f) Support rods and connections. (0) Mica spacer. (h) Pressed 
glass base. (j) Getter carrier. 

FIG. 5 (right).—ENLARGED VIEW OF TYPICAL E.H.T. RECTIFIER. 

Many types of valve such as the UU5, 11159, 5U4G, 6X5, etc., employ 
two separate anode/cathode assemblies mounted inside one envelope to 
give full-wave rectification. Some manufacturers use the same idea to 
produce a half-wave rectifier of very high current rating, as many as 
four separate structures being mounted in one bulb and connected in 
parallel to share the load. 

Gas-filled Types 

The internal resistance of a valve of the high-vacuum type is basically 
due to the mutual repulsion of the negatively charged electrons in the 
space around the cathode. This may be reduced by operating with a 
supply of positive ions in the cathode/anode space to neutralize the 
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FIG. 6.—TYPICAL 
AN ODE CURRENT/ 
ANODE VOLTAGE 
CURVES FOR A GAS-
FILLED RECTIFIER 

VALVE., 

ANODE POTENTIAL AT 
WHICH IONIZATION STARTS 

O A Ea 

negatively charged electrons. This result can be achieved by intro-
ducing a trace of gas into the bulb, the positive ions being produced 
by the collision of the fast-moving electrons on their way to the anode 
with the molecules of the included gas. 
The effect on the anode volts /anode current characteristic is shown 

in Fig. 6. At low anode voltages, the velocity of the electrons is in-
sufficient to produce positive ions by collision, and the current to the 
anode is entirely due to the normal electron emission from the cathode. 
The emission increases in the usual way, following the relation of 
equation ( 1), until the point A is reached, but at this point the electron 
velocity ia sufficient to produce ions by collision, the space charge is 
neutralized and the valve resistance decreases rapidly to the point at 
which the current is limited only by the external circuit resistance. 
The potential at which electrons have sufficient velocity to ionize the 

gas is a characteristic of the gas employed, typical figures for the gases 
usually employed being given in Table 1. The onset of ionization is 
easily detected by the appearance of a glow discharge in the anode/ 
cathode space, the colour of the glow being a characteristib of the 
partiçular gas. 
From the point of view of prolonging the life of the valve, the 

maximum current through the valve is restricted by the necessity of 
limiting the velocity with which the heavy positive ions are returned 
to the cathode by the voltage existing across the anode/cathode space. 
If the potential across the valve is allowed to rise above this limiting 
value, the ions are returned with sufficient velocity to produce 

TABLE 1.--IONIZING POTENTIALS OF GAS-FILLED RECTIFIER VALVES 

Gas Ionizing Potential 

Argon . 
Hydrogen 
Helium . 
Mercury . 
Xenon . 

15.7 
13.6 
24.5 
10.4 
11.5 
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l? L. Eoc 

E C 

FIG. 7.—IIALY-WAVE CIRCUIT WITH RESISTANCE LoAD. 

mechanical disintegration of the oxide coating, an effect that is•clearly 
evidenced by violent scintillation at the cathode surface. 

In the small sizes commonly employed in radio equipment the con-
struction of gas-filled valves is generally similar to that of high-vacuum 
valves, except that greater anode/cathode clearances are usually 
employed. 

Rectifier Circuits 

The simplest circuit is that shown in Fig. 7. It is not usually 
employed in radio circuits because of the high-ripple-voltage existing in 
the D.C. output, but it is an excellent point at which to commence the 
study of the more usual circuits. In the circuit of Fig. 7, current from 
the transformer secondary flows through the rectifier valve into the 
load only when the anode is at a positive potential with respect to the 
cathode, the load current and the load voltage having the form of half-
sinusoids with substantially the same waveform as the positive half-
cycle of the transformer secondary voltage. 

Effect of Reservoir Capacitor 

The addition of a capacitor across the load resistance as in Fig. 8 is 
a simple modification that profoundly modifies the mode of action. 
Assuming that steady conditions are established in the circuit there 
will be a D.C. voltage across the load resistance RL and the parallel 
capacitor CL. Current will not flow through the rectifier valve into the 
load until the instantaneous value of the transformer voltage on the 
positive half-cycle exceeds the D.C. voltage on the capacitor, that is : 

E sin > Epc   (2) 

FIG. 8.—HALF-WAVE CIRCUIT RESERVOIR CAPACITOR. 
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CURRENT 
PULSE 

FIG. 9.—APPRO =MATE ivVAVETORMS IN HALT -WAVE CAPACITOR 
INPUT CIRCUIT. 

Current then dows through the valve into the load resistance and 
capacitor in parallel, and the voltage across these rise with the rising 
50-cis voltage up to the peak of the A.C. cycle. It then commences to 
fall with the supply voltage, but at this point the capacitor commences 
to discharge into the load resistance, and the rate at which the capacitor 
voltage falls is controlled only by the exponential relationship governing 
the discharge of a capacitor into a resistor. In practical circuits, the 
capacitor is sufficiently large to maintain the voltage across the resistor, 
and as the decreasing A.C. supply voltage falls below the voltage on 
the capacitor, the voltage across the rectifier valve decreases to zero 
and the current through the valve stops, generally just after the peak 
of the A.C. voltage wave is passed. Typical waveforms of the village 
and current in the circuit are shown in Fig. 9. 
In the half-wave circuit without a shunt capacitor across the load, the 

voltage across the valve on the non-conducting half-cycle is equal to 
the A.C. supply winding voltage E.„ but when a capacitor is shunted 
across the load the valve will have to withstand an inverse voltage 
equal to the.D.C. output voltage plus the A.C. supply voltage, the peak 
value of the inverse voltage being roughly 2 V 2 x 
The fundamental difference in the mode of action of a circuit with a 

reservoir capacitor will now be clear. Without the capacitor the 
current flows through the valve for practically the whole positive half. 
cycle of the supply voltage, but with a reservoir capacitor the current 
passes in the form of a short pulse lasting for only a small fraction of the 
positive half-cycle. During the portion of the half-cycle when the 
valve is not conducting, the load current is supplied by the capacitor, 
the voltage falling exponentially until it is picked up again on the 
following half-cycle by the rising voltage across the transformer 
secondary winding. As the whole of the D.C. load power must be 
supplied by the transformer, the average value of the current pulse over 
the whole supply voltage cycle must equal the mean D.C. current; and 
thus the peak value of the current pulse must exceed the mean value 
by a large factor. In practical circuits of the half-wave type, the peak 
value of current pulse may be ten times the mean D.C. current in the 
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FIG. W.—FULL-WAVE CIRCUIT WITH RESERVOIR CAPACITOR. 

load. Increase in the size of the reservoir capacitor will reduce the 
rate at which the voltage on the capacitor falls as it discharges into the 
load resistance, and will therefore decrease the time during which the 
supply voltage exceeds the voltage on the capacitor. For a given D.C. 
load current, the shorter current pulse must have a higher peak value. 
As the ripple voltage that exists across the reservoir capacitor is equal 
to the amount the capacitor voltage falls during the discharge period, 
án increase in the value of capacitor must decrease the ripple voltage. 
The process has been explained in some detail because it is fundamental 
to practically all the rectifier circuits used in radio equipment. 
The half-wave circuit is widely used in radio and television equipment 

for loads requiring low values of current, particularly at high voltages. 
It has also recently become popular in A.C./D.C. equipment, where its 
use eliminates the mains transformer and allows the receiver to be used 
on either A.C. or D.C. circuits without change. 

Full-wave Circuits 

In the full-wave circuit shown in Fig. 10 a single, centre-tapped-
transformer secondary winding supplies the D.C. load through two 
rectifier valves on alternate half-cycles. On the half-cycle during 
which terminal 1 is positive, terminal 2 is going negative with respect 
to the earthed centre-tap. The two halves of the secondary winding 
and the two rectifier paths are used alternately. As charging current 
flows into the reservoir capacitor on both negative-going and positive-
going half-cycles of the supply voltage, the voltage swing across the 

1 11.—BRIDGE 
CIRCUIT. 
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Fie. 12.—HALY-WAVE VOLTAGE DOUBLER C RCUIT. 
(Note: The connections to the anode and cathode of 11.1 should be reversed.) 

capacitor will be nearly halved, as will the ratio of peak A.C. to mean 
D.C. current. 
The full-wave circuit is the most generally used circuit in radio and 

television equipment intended for A.C. main supplies only. 

Full-wave Bridge Circuit 

In high-power circuits, such as those used in large audio amplifiers, 
etc., it is occasionally found that the inverse voltage across the rectifier 
valve is outside the maximum permissible figure. In the full-wave 
bridge-circuit shown in Fig. 11, it will be noted dhat there are two 
valves in series at any particular instant, and that the maximum 
inverse voltage across either rectifier is equal to half the D.C. load 
voltage. In the half- and full-wave circuits previously described, the 
voltage across the rectifier on the reverse half-cycle will rise to a value 
that is roughly equal to the D.C. voltage plus the peak value of the 
A.C. voltage. 

Voltage-multiplying Rectifiers 
The circuit shown in Fig. 12 results in a D.C. voltage that is approxi-

mately 2/2 x about twice the voltage derived from either the full. 
or half-wave circuit's. The circuit operation is as follows. On the half-
cycle during which terminal 1 is positive going, current flows into 
capacitor C1 through rectifier R„ leaving it charged to a voltage of 
roughly V2 x Ea at the end of the half-cycle. On the next half-
cycle, the voltage applied to rectifier R2 will be the sun of the trans-
former output voltage and the voltage on the capacitor, roughly 
2V2 x E.., and this voltage will be applied to the rectifier, charging 
capacitor C2 to a peak voltage of approximately 2V2 x E. 

This device may be applied to produce greater voltage multiplications, 
but because of the number of separate heater windings required, is 
little used with thermionic rectifiers. 

Filters 
With any finite value of capacitor across the D.C. load, additional 

smoothing circuits will be required to remove the residual ripple 
voltage. These generally take the form of series inductance and shunt 
capacitance across the D.C. load; but the development of small electro-
lytic capacitors of large capacitance is tending to eliminate the 
inductance in favour of a resistor which is appreciably smaller and 
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FIG. 13. —FULL-WAVE CHOKE-INPUT CIRCUIT. 

cheaper and has no external field, a matter of considerable importance 
in high-gain audio amplifiers. 
The design of these smoothing filters is dealt with under " Ripple 

Filters ", which should be consulted for further details. 

Smoothing Circuits for Gas-filled Rectifiers 

Gas-filled rectifier valves may be used in any of the circuits described 
above, though the advisability of operating valves of this type with a 
low ratio of peak to mean D.C. current suggests that the half-wave 
rectifier circuit be avoided. In the full-wave and bridge circuits 
current conduction during the half-cycle can be prolonged by the use 
of a choke between the reservoir capacitor and the rectifier valve, the 
so-called choke-input circuit, shown in Fig. 13. 

It can be shown that the output voltage waveshape is given by the 
Fourier series 

2E 
E —7, (1 — 0-67 cos 2t — 0.134 cos 41 . . .) (3) 

2E 
the value of the D.C. component Epo being —IT and that of the ripple 

component at twice supply frequency by 0.67 X EDO. If the induct-
ance of the first choke is sufficiently high the ripple current flowing in 
the circuit as a result of presence of the ripple e.m.f. 0.67 X ED° will 

be reduced to a value less than tbat of the D.C. component-q- . 

Under these conçlitions, the output current will consist of substantially 
square pulse; each approximately half a cycle in length; and the ratio 
of peak to D.C. current will approach unity. To achieve this, the D.C. 
component must be larger than the A.C. component at twice 'supply 
frequency. 
The D.C. component of output-circuit current will be 

Ella 2E 
RD0 = DED0   

and the A.C. component 

frequency of 60 cis becomes: 
0.87 x Ex; 

628L 

E., 0.67 x ED. 
Z = 2irfL ' 

(4) 

which at a supply 

(5) 
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D.C. and A.C. current components will be equal when. 

ED0 0.67 x ED0 
RL 628L 

This requires a value of inductance of: 

(6) 

RL 
L   (7) 
— 1,000 

This fixes the minimum value of choke inductance that should be used, 
but if current conduction is to be continuous under conditions of a 
variable D.C. load, it is necessary that the value of R used in calculating 
L should be the value corresponding to minimum D.C. load current, 
i.e., the maximum value of D.C. load-circuit resistance. By the use of 
an iron-cored choke having an air gap proportioned to give the required 
inductance at the minimum load current, it is possible to meet the 
choke requirements with a choke appreciably smaller and cheaper than 
would be obtained by the standard design procedure. 

It will be obvious that the choke cannot be designed to meet 
equation (7) down to zero D.C. currents, for this would require an 
infinite value of induct-
ance. If the voltage 
soaring that accompanies 
discontinuous conduction 
is to be avoided, it is 
necessary to shunt some 
load resistance across the 
output of the rectifier 
circuit to limit the range 
over which the D.C. load 9 
current swings. The use u 
of a gas-filled rectifier ° 
valve in conjunction with 4 
a choke-input circuit I 
resulta in a rectifier cir-
cuit having a very good 
output regulation, as is 
shown in Fig. 14. Dis-
continuous conduction 
sets in at the point 
marked A, and it will be 
noted that the change 
to capacitor-input-circuit 
conditions at that point 
results in the output volt-
age rising very rapidly, 
with further decrease in 
load current. 

14.—PERFORMANCE OP 
CHOKE INPUT AND CAPACI-
TOR INPUT CIRCUIT USING 
IDENTICAL COMPONENTS. 
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- Rectifier Circuit Design 

A direct mathematical analysis of the capacitor—input circuit is very 
complicated and of littre direct value to a designer, but it does serve 
to show the parameters that are of importance. The analysis shows 
that for any given A.C. input voltage, the D.C. load current and 
voltage are functions of two parameters 

D.C. load resistance  Ri 
Rectifier circuit resistance = R, 

and 
D.C. load resistance RL 

Reservoir capacitor reactance = 

The D.C. load resistance is Rim 1.12)0, and the reservoir capacitance is 
computed at the frequency of the main ripple component, that is, at 
supply frequency for the half-wave circuits, and at twice supply fre-
quency for the full-wave circuits. The source resistance, R„ is the 
sum of all the resistances that are effectively in series between the 
supply terminals and the reservoir capacitor. These are : 

(Transformer primary resistance) x n2 -I-
(Transformer secondary resistance) ± (valve resistance) 

i.e., R, x ns R, R, 

where r is the turns ratio, very approximately equal to the open-circuit 
voltage ratio E,/E1. 
The valve resistance is a somewhat ambiguous term to apply to a 

non-linear element, but satisfactory accuracy for all design purposes 
can be achieved if this is taken as: 

R, = 1.16 x   
./ peak 

Epem, and being the D.C. values taken from the valve charac-
teristic at the peak value of the current pulse. The ratio of D.C. load 
voltage to A.C. supply voltage, in the full-wave circuit of Fig. 10, is 

RLA(c 

10 

30 

10 
R 1-/Ri 

FIG. 15.—E".81ED0 AS A FUNCTION OF RLIXo AND Rs/Ra FOR 
THE FULL-WAVE RECTIFIER CIRCUIT. 

100 
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FIG. 16.--CRARACTERISTIC CURVES or AVERAGE MAZDA VALVE UU6. 

plotted as a function of these two parameters in Fig. 15. On a given 
core size, the secondary winding voltage and the winding resistances 
are interdeliendent, and this necessitates a trial calculation with 
assumed values of winding resistances, followed by the final check made 
with the more accurate values of winding resistances computed from 
the approximate values of voltage determined by the first calculation. 
Most of the valve manufacturers supply data of the type shown in 

Fig. 16 enabling the A.C. voltage required for any load to be approxi-
mated by interpolation. If in any case a preliminary design of trans-
former is to be available, these curves may be used to indicate the 
required value of secondary voltage, or if the first clesign is to be as 
accurate as possible, the curves may be used to indicate the probable 
secondary voltage for use in calculating the transformer winding 
resistances, required when the basis curves of Fig. 15 are used. 

Operating Precautions 

With all types of rectifier valve it is advisable to operate with low 
values of peak-current/mean-current, and with the gas-filled types it is 

NN 



25—z6 RADIO AND TELEVISION REFERENCE BOOK 

imperative to do sod'Practically all manufacturers of the high-
vacuum types suggest a maximum value of reservoir capacitor that 
should be employed, and in addition specify a minimum value of the 
supply-circuit resistance that should be realized. Thus, if the source 
resistance—as discussed in the section on circuit design—is not reached 
by the normal design procedure, it is necessary to add external resist-
ance, either as a single resistance in the centro-tap, or as resistance in 
both legs of the supply transformer, to bring the source resistance up 
to the specified minimum value. 

If the rectifier valve is operating at or near maximum ratings, it is 
essential that the heater voltage at the valve pins should reach the 
rated value, a point that is of particular importance when using gas-
filled valves. With gas-filled valves, it is good practice to use some 
form of delayed switching of the anode voltage in arder to allow the 
cathode to reach full operating temperature before load is applied. 
This is sometimes applied to hard valve rectifier circuits, but it is of 
doubtful advantage, since it results in a very large current rush into the 
reservoir capacitor when the anode circuit is closed on to the discharged 
capacitor. Under ordinary conditions, the resistance of the valve 
during its warming up period is sufficient to limit the current to a safe 
value, but it should be noted that this comffient does not apply to gas-
filled rectifiers. 
An anode/cathode short-circuit or an overload on the D.C. side may 

not result in an increase in transformer primary current sufficient to 
blow primary side fuses, particularly when the transformer supplies 
several heater circuid; or other loads. For complete protection against 
a transformer burn-out .due to an overload of this type it is necessary 
to fit fuses of suitable rating into the anode leads of the rectifier valve, 
and it may also be necessary to add a fuse in the D.C. circuit beyond 
the smoothing choke. This complication has led to the development 
of thermal circuit-breakers consisting of a bimetallic strip in contact 
with the transformer winding and arranged to open the supply circuit 
if the winding temperature rises above normal: 

J. 34. 
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METAL RECIIM/MS 

Great advances have been made in the metal rectifier, and, for 
example, modern " Westalite " selenium rectifiers are available which 
will operate at twice or even four times the reverse voltage of the 
original selenium rectifiers (20 volts). These elements are termed 
Westalite " double-voltage " and " quadruple-voltage " respectively. 
Typical D.C. characteristics are shown in Fig. 17. 

Note that the double-voltage (D.V.) type has only a very slightly 
greater forward resistance than the single-voltage (S.V.) type. This 
greatly reduces rectifier size and weight, since a rectifier unit built of 
D.V. elements will have only half the number of discs and half the losses 
of a unit built of S.V. elements, D.V. elements are therefore used for 

Fie. I 7.—D.C. CHARACTERISTICS OF " \VESTA - 
LITE " SELENIUM RECTIFIERS, ILLUSTRATING THE 
INCREASE ACHIEVED IN REVERSE VOLTAGE PER 

ELEMENT. 

Curve A—Single voltage type (20 volts P.I.V.). 
Curve B—Double voltage type (42 volts P.I.V.). 
Curve C—Quadruple voltage type (85 volts P.I.V.). 
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nearly all radio rectifiers. Quadruple-voltage (Q.V.) elements are used 
for miniature tubular E.H.T. rectifiers, and have made it possible to 
achieve a peak reverse voltage rating of 1,500 volts/in. length. Modern 
copper oxide types have also been improved, and are preferable to 
selenium or germanium rectifiers where high and stable reverse resistance is necessary. 

Rating, Heat Dissipation and Life 

The working life of metal rectifiers is determined almost entirely by 
the operating temperature of the elements themselves. Apart from 
sustained voltage overload, which can cause breakdown, tho life is not 
directly affected by the electrical loading, but only by the temperature 
rise which the electrical loading causes under given cooling conditions. 
The radio designer using metal rectifiers should therefore forget his 
conventional " valve " approach, and instead of concentrating primarily 
on a fixed current limit (as with a valve) he should pay prime attention 
to heat dissipation, suiting this to the load he requires to impose on the 
rectifier and the life he desires. Since the nominal current rating of a 
metal rectifier is based on an assumption of average ventilation condi-
tions, a designer can often safely obtain a greater current output by 
improving the cooling of the rectifier. This is often a better policy than 
attempting to economize in total H.T. current demand, as it produces a 
more reliable receiver design and, if a lower rectifier temperature results, a longer rectifier life. 

The maximum voltage rating, however, is not similarly flexible, as 
will be apparent from the curves in Fig. 17. Owing to the sharp bend in 
the reverse characteristic, the reverse current increases rapidly at excess 
voltages, so causing heating and damage. Here again, the damage is 
caused by the heat and not primarily by the electrical conditions, so 
that transient over-voltages, which do not produce serious heating, are 
permissible. The sudden decrease in resistance at the reverse bend can 
in fact be used as a surge absorber of very high index (I .---- kV 8 approxi-
mately), or as a means of improving E.H.T. regulation, since in both 
these eases the average energy is limited and no undue temperature rise is produced. 

Cooling 

Metal rectifiers operate at a much lower surface temperature than 
valve rectifiers, and therefore must dissipate their losses by convection 
and conduction rather than by radiation. Convection-cooled units are 
either provided with cooling fins or with spaced rectifying elements, 
and it is essential to ensure an unrestricted flow of cool air through the 
unit. Since the volume of cooling air required is considerable, and the 
temperature rise imparted to it is small, it is good practice to cause the 
main air intake of the receiver to flow through the power rectifier. In 
this way, with good receiver cabinet design, it is actually possible to 
obtain a greater safe output from the metal rectifier when in the receiver 
cabinet than would be possible if it were freely mounted in still air 
outside the receiver. This careful attention to air flow through the 
power rectifier and cabinet is usually further rewarded by lower 
operating temperatures through the receiver. 
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Element Temperature and Life: Practical Test for Radio Power 
Rectifiers 

The electrical loading, the cooling and the ambient temperature 
together determine the temperature of the rectifying elements. The 
element temperature then determines the rectifier useful life. Thus the 
total element temperature permissible depends on the useful life 
expected: The rate of increase of forward resistance (ageing) of the 
rectifier increases with temperature, becoming rapid at element 
temperatures above 70° C. 
A compromise between rating, cooling and average ambient temper-

ature for different applications is therefore necessary. For radio 
applications a practical test recommended for Westalits selenium 
rectifiers is as follows: The receiver is run on the maximum mains 
voltage (i.e., nominal voltage plus 6 per cent), with maximum current 
demand (e.g., maximum contrast setting, etc.), and with the mains 
tapping at the most unfavourable setting (e.g., the setting which results 
in the highest voltage at the rectifier within the range of voltages 
covered by that tapping). All covers should be in position, and the 
receiver should be carefully shielded from draughts. The temperature 
rise of the rectifier as measured by a thermocouple pressed into close 
contact with the rectifier elements themselves should not exceed 30° C. 
above the ambient room temperature, using a rectifier unit having 
• characteristics as near to the lower pass limit as is practicable. 
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FIG. 18.—COMPARISON OF METAL AND VALVE RECTIFIERS Di A HALF-WAVE 
CIRCUIT FOR A " TRANSFORMERLESS " RECEIVER. 

Mains supply 230-volt A.C. Reservoir capacitor 60 ¡..F. 
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• This arbitrary test is designed to allow for typical varititions in 
conditions of use, and is applicable to power rectifiers in radio receivers 
intended for use in temperate climates. For tropical applications 
special advice 'should be obtained from the manufacturers. 

H.T. by Rectification Directly from the Mains 

Transformerless Television Receivers 

A typical television receiver requires a power supply of about 60 watts 
for the H.T. supply alone, and in order to save the cost and weight of a 
transformer of comparable rating it is common practice to obtain this H.T. 
power by half-wave rectification directly from the mains. In some cases 
a transformer is used to supply the heaters, and the primary winding 
can then be used as an auto-transformer to maintain the rectifier inpu. 
at 250 volts A.C. for all supply voltages, but if a series heater chain is 
used, the A.C. input to the rectifier may fall as low as 200 volts. In 
order to obtain an adequate H.T. voltage with low ripple, a large value 
of reservoir capacitance is used, under which condition the rectifier 
carries short pulses of current which may reach a very high peak value 
(e.g., 3 amperes peak for 220 mA mean D.C. output). These high peak 

TABLE 2.—TYPICAL TELEVISION H.T. SUPPLY RECTIFIERS 

Type 

Maxi-
mum 
A.C. 
Voltage 
(r.m.8.) 

* Nominal. D.C. 
Output 

Voltage Current 
(mA) 

Cl (p.F) C2 (p.F) C3 (µF) 

14A86 
14A100 
LW7 
LW9 

240 
270 
240 
270 

270 
305 
270 
305 

220 * 60-100 100-150 30-60 
220 • i 60-100 100-150 30-60 
300 * 60-100 450 60 
300 * I 60-100 150. 60 

N.B. Two units in circuit (c will give double output voltage at the samè 
current (thus two units LW 7 wi 1 develop 540 volts at 300 mA from a 240-volt 
supply). 
• Safe current rating depends entirely on the degree of cooling provided (see 

" Rating, Heat Dissipation and Life "). 

Li 

(1)) (c 

FIG. 19.—TELEVISION H.T. SUPPLY RECTIFIERS (SEE TAJECE 2). 



A.C. RECTIFICATION AND RIPPLE FILTERS 2.5-m 

values do not damage the metal rectifier, as they would a valve, no 
limiting resistor being necessary, and the circuit accordingly gives a 
high D.C. voltage with high efficiency (see Fig. le). Design precautions 

are : 
(a) The rectifier must be rated for a peak inverse voltage 2V2 

x V (where V = maximum r.m.s. value of supply voltage). 
(b) The rectifier operating temperature should not exceed 

recommended value (see " Rating, Heat Dissipation and Life "). 

A.C./D.C. Radio Receivers 
The same half-wave arrangement is commonly used for A.C./D.C. 

radio receivers. The principles are the same as for the heavy-duty 
television rectifier, but in general less vigorous " peaking " is employed, 
since by reducing the value of the reservoir capacitance the H.T. 

N1 t HT RS T 
>fa. 20.—A.C./D.C. RADIO RECEIVER RECTIFIER 

Ciactrrr (sax TABLE 3). 

voltage can be made substantially the same when the receiver is fed 
from either A.C. or D.C. mains, without change of connections. In 
miniature portable receivers employing series resistors, with 110 volts 
input to the rectifier, it is necessary to ensure that the rectifier and 
reservoir capacitor will be safe in the event Of a valve heater failure, 
which can result in 250 volts A.C. being applied to the rectifier. 

TABLE 3.—TYPICAL A.C./D.C. RADIO RECEIVER RECTIFIERS 

Type A.C. Voltage 
Output 

Cutrent (mA)* (P-F) 

15B35 240 
14B35 240 
HT46 250 
HT47 250 
HT48 250 
HT54 110 

60 16• 
80 16 
120 16 
80 16 
30 8 
60 16 

• See " Rating. Heat Dissipation and Life ". 

Valve Replacement Rectifiers (Centre-tap Circuit) 
Metal rectifiers are available for use in the conventional centre-tap 

rectifier circuit for use either as valve replacements or for use in con-
junction with centre-tapped transformers which aro often readily 

availa ble. 
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FIG. 21.—VALVE REPLACEMENT 
(CENTRE-TAP) CIRCUIT. 

TABLE 4.—TYPICAL VALVE-REPLACEMENT RECTIFIERS 

Type Input Voltage 
Mean Output 

Current (mA)* 

15B39 
HT50 
HT51 
HT52 
HT53 

120-0-120 
300-0-300 
350-0-350 
350-0-350 
500-0-500 

110 
40 
100 
200 
200 

• See "Rating, Heat Dissipation and Life ". 

E.H.T. Rectifiers 

The Westalite tubular selenium E.H.T. rectifiers employ quadruple. 
voltage elements operating at 85 peak inverse volte per element. The 
rectifier discs are assembled in insulating tubes under light spring 
pressure, provided with connecting tags or wires at each end, by which 
all but the largest units can be supported directly in the wiring. The 
overall length is about 0.8 in./l,000 volts; atrd the maximum voltage 
which can be handled by a single tubular rectifier is over 20,000 volts. 
The self-capacitance is small, and is given approximately by the 
following expression: 

Self-capacitance of type 39E rectifiers = 5 N —5 pF -I- strays (rating 

0.1 mA). 

Self-capacitance of type 36 EHT rectifiers = 350 pF strays (rating 

2 mA), where N is the number of elements. 
• The self-capacitance is dependent on the reverse voltage, as can be 
seen from the typical curve in Fig. 22. 

These tubular E.H.T. rectifiers are particularly suitable for use in 
voltage multipliers owing to the aimplification which results from the 
elimination of multiple high-voltage heater windings. Only a few 
typical circuits can be described in this brief review. 

E.H.T. by Flyback Pulse Rectification 

An E.H.T. supply may be obtained by rectification of flyback pulses 
from the line-scanning output transformer, using either a simple half. 
wave circuit or e pulse doubler or tripler, depending on the degree of 
overwinding provided on the transformer and the E.H.T. voltage 
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RECTIFIER, SELF CAPACITANCE ( pf) 

25-23 

.1 Z 34 S 6. à 9. 1011 

REVERSE VOLTAGE (EA 

no.22,-2VARuonorr OF APPARENT SELF-CAPACITANCE OF AN 11.1LV 
TUBULAR E.H.T. RECTIFIER (39EHT130) WIPE REVERSE VOLTAGE. 

(Additional stray capacitance approx. 2 pF.) 

required. The use of a metal rectifier doubler or tripler providerea ready 
means of increasing E.H.T. without modification to the transformer, 
but the use of the tripler is generally necessary only with transformers 
having no overwindings. Typical arrangements are given in Fig. 23. 

Rectifier-

TABLE 5.—TYPICAL E.H.T. RECTIFIERS 

Peak Puke 
Input 
Voltage 

Approximate D.C. Output Voltage at 
100 µA 

Half wave Doubler Tripler 

36ERT30 
36ERT45 
36ERT60 
36ERT100 
36ERT160 
36ERT200 
36ERT240 

2,180 
3,470 
4,350 
7,250 

11,600 
14,500 
17,400 

1,960 
2,950 
3,930 
6,550 
10,400 
13,000 
15,700 

3,520 
5,280 
7,020 

11,700 
18,700 
23,400 
28,000 

5,000 
7,520 

10,000 
16,700 
26,700 
33,400 
40;000 
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-F 
EHT 

 o 

(a) HALF-WAVE lb) DOUBLER (C) TRIPLER 
(NO OVERWIND) 

FIG. 23.—HALF-WAVE, DOUBLER, AND TRIPLER PULSE-DRIVEN 
RECTIFIER MULTIPLIERS. 

E.H.T. by Half-wave Rectification from Mains Transformer 

Tho main advantage of this arrangement is the good voltage regula-
tion which can be obtained. The disadvantages are the size and cost of 
the mains transformer and the reservoir capacitor. 

TABLE 6.—E.H.T. HALF-WAVE RECTIFIERS (SINE-WAVE INPUT) 

Rectifier 

Approximate E.H.T.. Out-
put Voltage 

At 100 µA " At 2 mA 
Load Load 

R.M.S. Input 
Voltage 

C 
(eiF) 

36EHT30 1,050 
36EHT45 1,575 
36EHT60 2,100 
36EHT100 .3,500 
36EHT160 5,600 
36EHT200 7,000 
36EHT240 .8,400 

- 

1,000 
1,500 
2,000 
3,250 
5,300 
6,600 
7,900 

810 
1,220 
1,620 
2,700 
4,320 
5,400 
6,480 

0.5 
0.25 
0.25 
0-1 
0.1 
0-1 
0.05 

• The values given for C are for 50-cis supplies. For other frequencies C 
should be varied in inverse proportion to the frequency. Capacitance may be 
reduced for 100 MA. load. 

El-IT 

 O 

FIG. 24.—E.H.T. HALE-WAVE RECTIFIER (SINE-WAVE INPUT), 
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E.H.T. by Modified Voltage Doubling from Mains Transformer 

The doubler shown below is usually to be preferred to the conventional 
doubler, as it permits one side of the transformer to be earthed, a condi-
tion for which the majority of E.H.T. transformers are designed. 

25.—MODIFIED VOLT-
AGE DOUBLER PERMITTING 
COMMON CONNECTION or 
ONE SIDE OF A.C. AND D.C. 

CIRCUIT. 

TABLE 7.— E.H.T. VOLTAGE DOUBLER RECTIFIERS (SINE-WAVE INPUT) 

Rectifiera 
(Two 

Required) 

36EHT30 
36EHT45 
36EHT60 
36EHT100 
36EHT160 
36EHT200 
.3tiEHT240 

Approximate 
E.H.T. Voltage 

At 
100 

At 
2 mA 

R.M.S. 
Input 
Voltage 

Cl * C2 • 

ILF 

,100 
3,150 
4,200 
7,000 

11,200 
14,000 
16,800 

1,800 
2,850 
3,600 
5,800 
8,500 

12,000 
14,300 

810 
1,220 
1,620 
2,700 
4,320 
5,400 
6,480 

0.5 
0-5 
0.25 
0.25 
0.1 
0.1 
0.05 

Voltage 
Rating 
(kV) 

Voltage 
Ratipg 
(kV) 

1-2 
1.75 
2.5 
4 
6 
8 
10 

0.25 
0.25 
0.1 
0.1 
0.05 
0.05 
0.02 

2.5 
3-5 
5 
8 

12 
16 
20 

• The values given for Cl and C2 are for 50 cis s ipplies, for other frequencies 
C should be varied in inverse proportion to the frequency. Capacitance values 
are not critical, and can be reduced for loads under 2 mA. 

a 
C2 b 

Ci b 

a 
Cl CI 

Cl 

+EHT 

NORMAL C.T. 
TRANSFORMER 
AND RECTIFIER 
ALREADY IN USE 
FOR SUPPLYING 

H.T. 

+HT 

Fm. 26.—W AI KER 
MULTIPLIER. 

All capacitors are 0-1 aF for 
150 mA load. • Pro-rata for dif-
ferent loads up to 2 mA maxi-
mum. 

C, Voltage Rating 
2 kV for 350-0-350, 
3 kV for 500-0-500. 

C, must be rated for full 
E.H.T. developed. 
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" Walker Multiplier" Producing E.H.T. from Existing Centre-tapped 
E T. Transformer 

, This circuit is suitable for developing any potential up to about 8 kV 
for oscillographe, etc., from the existing centre-tapped H.T. transformer. 
Various values of E.H.T. can be developed by suitable choice of the 
number of stages. " Half-section " rectifiers (a) are used at each end 
of the multiplier, and must be retained. Any required number of 
intermediate full sections (b) may be used up to about five. Typical 
designs for 350-0-350-volt and 500-0-500-volt transformers are given 
below. 

TABLE 8.—" W ALKER MULTIPLIER" RECTIFIERS 

Rectifier 350-0-350 600-0-500 

Recta (a) 
Rects (b) 

36K14 
36EHT25 

36EHT20 
36EHT40 

Approximate Output Voltage 

2 (a) + 5 (b) 5.0 kV 
2 (a) ± 4 (b) 4.2 kV 
2 (a) ± 3 (b) 3.4 kV 
2 (a) + 2 (b) 2.6 kV 
2 (a) + (M 1.7' kV 

7.8 kV 
6.0 kV ' 
4.8 kV 
3-7 kV 
2.4 kV 

E.H.T. Stabilizer and Limiter 

The sharp bend which occurs in the reverse characteristic of Westalite 
selenium rectifiers has already been shown in Fig. 17. A large-scale 
graph of the reverse bend for quadruple-voltage elements (Westalite 
type 36) is given in Fig. 27, plotted for one series element only. (Thus 
for 36EHT100, which contains 100 elements, the voltage scale of this 
graph requires multiplying by 100.) 

This sharp bend can be used to provide a limiting action in low-energy 
circuits.• The critical part of the characteristic for this application is 
that portion lying between reverse voltages of 75 and 90 volts, and 
within this range the curve can be represented to a first approximation 
by the expression 

where 

I = kV" x 10-'° 

reverse current (amperes); 
V = reverse voltage per series element; 
K = 2.13 for Westalite E.H.T. rectifiers type 36. 

It is clear from this eighth-power law that at the bend the rectifier 
presents a shunt resistance whose value is highly sensitive to the 
applied voltage, and as such it can form a useful voltage regulator in any. 
circuit where the energy is limited or the source . impedance is 
comparatively high. 
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REVERSE VOLTAGE PER SERIES ELEMENT 
100 80 60 40 20 0 

0-4 

Fin. 27.—REVERSE CHAR-
ACTERISTIC OF A SINGLE 
QUADRUPLE- VOLTAGE 
(36EHT) Disc, ILLUS-
TRATING THE SHARP 

TURNOVER. 
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In all forms of flyback E.H.T. circuits the rectifier can be used to 
stabilize and improve the regulation by direct connection across the 
E.H.T. output. However, if a suitable metal rectifier à itself used as the 
rectifying means in any of the pulse circuits illustrated above it will 
provide this regulating action automatically at the same time, and will 
provide improved voltage regulation with load changes. The limiting 
action also prevents undue E.H.T. rise in the event of faulty line time 
base operation, loss of synchronizing, etc., and so protects capacitors 
and tube against severe overvoltage. 

Conduction Cooled Rectifiers 

Although metal rectifiers are conventionally assembled with cooling 
fins for air convection cooling, a recent development which results in a 
considerable saving in space is the conduction cooled rectifier. In this 
type of unit the rectifying elements are assembled in a number of small 
stacks in a flat metal case which is mounted on the receiver chassis. 
The lower end of each stack of rectifying elements is insulated from the 
bottom of the ease by a thin sheet of insulating material having good 
thermal conductivity, and since this surface of the case is effectively 
cooled by conduction to the chassis, the heat generated in each short 
stack of elements is effectively dissipated. The case is constructed 
with a flat under-surface which is bolted down into good contact with 
the chassis, and is provided with raised lugs on the upper surface to 
ensure that it cannot be incorrectly mounted. 
A typical example of such a conduction-cooled unit (18RAl-l-8-1) is 
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9‘i.-•-.‘..11 : 

,,exf4ez o 
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FIG. 28.—CONDIJC - 
TION COOLED 
RECTIFIER. OUT-
PUT 140 VOLTS, 

60 mA. 

shown in Fig. 28. This is a half-wave unit for miniature A.C./D.C. 
receivers, and is rated at 120 volts A.C. input and 140 volts, 60 mA, 
D.C. output when mounted on a chassis operating at 40° C. It measures 
only 1¡ xIxt in. thick. 

Westectors 

Westectors are miniature copper oxide rectifiers assembled in insulating 
tubes with wire ends, and are approximately the same size as I-watt 
resistors. They are suitable for straightforward audio-frequency ar.1 
high-frequency rectification up to about 1.5 Mc /s, and are very suitable 
for pulse operation, e.g., clipping, clamping, etc., at video frequencies. 
Two types of element (WX = high impedance, and W -= lower im-
pedance) are made, and each type is available in assemblies containing 
from one to fifteen elements. A very wide range of voltage ratings and 
impedance is therefore available. The code number indicates the type 
of element and the number in series; thus Westector WX6 comprises 
six type WX elements. 

Westector Characteristics 

Typical D.C. characteristics for both W and WX types are given in 
Fig. 29, plotted for one series element only. 
From these curves the best Westector for a given application can be 

selected by choice of a suitable number of series elements (see preferred 
list below). 

Westector Sell-capacitance 

The self-capacitance of Westectors varies with the reverse voltage 
over a range of about 2: 1 for a change of reverse voltage from zero 
to 10 volts. The following table enables the approximate self-
capacitance of any Westector to be found at various reverse voltages: 
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FORWARD CURRENT (rrpek) 
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FIG. 29.—D.C. CHARACTERISTICS OP W ESTECTORS TYPES WI AND %WX 
(i.e., FOR ONE SERIES ELEMENT ONLY). 

For other types multiply voltage scales by the number of elements in series (e.g. 
WX6 has 6 elements). 

TA13LE O.—SELF-CAPACITANCE OE W ESTECTOR 

Westector 

W type . 

WX ty-pe 

At Lees than At 6 V (pF)1 At 10 V (pF) 
1 V (pF) . 

150 100 
N N 
50 35 

N 

70 

25 

Where N = the number of series elements used in the Westector. 

(Thus the self-capacitance of a WX6 Westector at 6 V reverse is 

approximately 6 pF.) 
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Pulse Operation ot Westectors (Clippers, Limiters, etc.) 

There are many applications in television circuits where a miniature 
diode is required for such purposes as an amplitude-biased clipper 
(e.g., frame-pulse separators), or 68 a clamping rectifier (e.g.; D.C. 
restorer). In these applications it is often essential that the reverse 
resistance of the rectifier should be high and stable, or the circuit 
operation may become impaired. In such cases a copper-oxide rectifier 
offers a higher and more stable reverse resistance than either the 
selenium or germanium rectifier. 
The pulse ratings in such circuits may be allowed to exceed the 

continuous ratings, the transient forward current is unlimited and the 
transient reverse voltage may be greatly increased (see table below). 
For example, a WX6 Westector has a reverse resistance of over 10 MD 
at 35 volts, a self-capacitance. of only 6 pF, and a transient inverse 
voltage rating of 90 volts. 

TABLE 10.--W ESTECTOR }Umbras 

Westector 
Type * 

Continuous Operation Transtent 
Operation 

Maximum 
R.M.S. 
Input 
Voltage 

(half-wave 
with capa-
citor load) 

Maxi-
mum 

Reverse 
Voltage 

Maximum 
Mean Forward 
Current (mA) 

Type q.'YPe 
W W X 

W1 and WX1 
W2 and WX2 
W3 and WX3 
W4 and WX4 
W6 and WX6 
W9 and WX9 
W12 and WX12 
W15 and WX15 

2.3 
4.6 
6.9 
9.2 

13.8 
20.7 
27.6 
34.5 

T/..an; Tran-
Been* sient Peak Forward Reverse Current 

Voltage 

6 0.25 0.1 15 
12 0.25 el 30 
18 0.25 0.1 45 
24 0-25 0.1 60 
36 0-25 0.1 90 
54 0.25 0.1 135 
72 0.25 0.1 180 
90 0.25 0.1 225 J 

Un-
limited 

* Preferred types only are listed, but intermediate types having any required 
number of elements up to fifteen are available. 

A. H. B. W. 
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GERMANIUM AND SILICON POWER RECTIFIERS 

An ideal rectifier would offer zero impedance to current in one direction 
and infinite impedance in the other. A germanium or silicon power 
rectifier approximates to this definition; its forward resistance is very 
low and its reverse resistance e.._tremely high. A single germanium 
cell may drop only 0.5 volt to a forward current of 100 amps. yet pass 
only a few milliamperes when blocking a reverse voltage of 100 volts; 
in consequence the power loes is small and the rectifying off/ cency high. 
As with selenium and copper oxide rectifiers, rectification takes place 

at a junction between dissimilar materials, but the junction of a ger-
manium or silicon rectifier exists inside a single crystal of thé semi-
conductor. This difference results in current densities of 100 amps./ 
sq. cm. for germanium, compared with 0-25 amps./sq. cm. for selenium. 
Because of their small size, high efficiency and low heat dissipation, 

semi-conductor power rectifiers offer considerable advantages over the 
equivalent thermionic-valve or dry-plate rectifiers. They do not require 
heater supplies, and the forward resistance does not deteriorate with 
age. The voltage strop across the rectifier is usually less than 10 per 
cent of that across a valve or dry-plate rectifier. 
A wide range of germanium and silicon power rectifiers is now avail-

able. Generally, °germanium junction rectifiers which have a lower 
forward resistance are used for high currents, and silicon rectifiers for 
applications of under about 1 amp. A typical silicon rectifier for 
200 mA might be the size of a quarter-watt resistor. 

Semi-conductor rectifier failures are generally caused by voltage 
surges, which are most likely to occur when the circuit is switched on 
or off. It is therefore essential to 'make sure that any voltage surge 
does not exceed the maximum permissible peak inverse voltage. 
Manufacturers usually recommend that if the values of the voltage 
surges are not known, an attempt should be made to measure them, 
using measuring equipment with input impedance high compared to 
that of the rectifier, as otherwise the surge voltage may be dairiped: 
Suitable capacitance or resistance should then be connected across the 
rectifier to ensure that the surges never exceed the maximum pei-nis-
bible peak inverse voltage. The values of these components will depend 
on the nature of the circuit and, on the loss of efficiency that can be 
tolerated. 

Series operation of several rectifiers of the same type may usually 
be arranged by reducing the peak inverse voltage and shunting each 
rectifier with an equalizing resistance. Parallel operation of rectifiers 
is not recommended where a single rectifier of higher current rating can 
be used: should it be necessary to use rectifiers in parallel, it will 
generally be desirable to reduce the current rating of each rectifier by 
about 30 per cent to avoid overloading an individual rectifier. 

Miniature silicon rectifiers are hermetically sealed and often are 
wire ended for direct connection into circuit; care should be taken not 
to overheat the body when soldering nor to bend the wires too close to 
the rectifier. Germanium power rectifiers are often intended to be 
used with cooling fins, which will often allow an increase in permissible 
mean forward current of th9 order of 10b per cent provided a good 
thermal contact is made between the base of the rectifier and the cooling 
fin. 
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RIPPLE FILTERS 

Rectification of alternating currents is one of the most important 
methods of producing direct currents, whether it is by mechanical means 
(rotating commutatox's and, to a much lesser extent, by vibrators) or 
electronic ones .(metal and valve rectifiers). 

Unfortunately, for many of the usual communication applications 
the rhythmic voltage variations during commutation can rarely be 
accepted directly from the D.C. source. Consequently, some means of 
correcting them must be adopted. The most important of these is ths 
ripple filter. It is, of course, possible to correct for ripple voltages using 
valve circuits, but usually such devices are likely to be expensive in 
power and components compared with the normal resistance/induct-
ance/capacitance types of filter, although they also have their uses in 
modern techniques. 

In general,"ripple " may be classified under two major headings: 

(i) that due to repetitive cycles of frequencies related to the 
fundamental; • 

(ii) that due to transient damped waves. 

The first is of primary importance because it usually needs most 
attention from a power viewpoint: the second is usually much less 
significant (except in the case of wide-band circuits), and is generally 
caused by commutation deficiencies primarily due to circuit capacitance 
and inductance. These are impossible to remove because self-capaci-
tance and leakage inductance arise naturally in most power circuits. 
Their inherent oscillatory tendencies are usually eliminated or, at least, 

TABLE 10.—RIPPLE FREQUENCIES AND MAGNITUDES 

Circuit 

Fundamental 
Ripple 

Frequency. 
(f = *uPPly 
f requeney) 

Percentage 
Peak Ripple 
Magnitude in 
Terme of D.C. 
Component 

Single-phase, half-wave . 
Single-phase, bi-phase full-wave. 
Single-phase full-wave bridge . . 
Three-phase, half-wave : (i) star; ( ii) 

inter-connected star or zig-zag 
Two-phase, double bi-phase . . 
Double two-phase with balancing coil 
Three-phase, full-wave bridge . . 
Double three-phase with balancing coil 
Three-phase interconnected star or zig-
zag . . . 

Six-phase, half-wave. . 
Three-phase reight phase . . 
Triple three-phase, half-wave with 

balancing coil . . 
Twelve-phase, half-wave . 

157 
2f 68 
2f 68 

3f 26 
4f 14 
4f 14 
6f 6 
6f 6 

6f 6 
fif 6 
8f 3-4 

9f 2.6 
12f 1.5 
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minimized to a negligible degree by the use of suitable capacitors and 
resistances. 

It should be mentioned that non-linear devices such as valve and 
metal rectifiers, assymetric crystals, etc., are often used successfully for 
these purposes. 

Initial Ripple 

The initial ripple of a rectifier is that produced at its output. 
This ripple voltage contains a number of harmonics which, in general, 

contribute little to the total magnitude and are readily attenuated by 
the use of a suitable ripple filter. Before examining the method of 
filtering the ripple, it is worth while noting their magnitudes immedi-
ately after rectification. Table 10 gives this information for the more 
common rectifier circuits used in transmitter practice. 

The Low-pass Filter 

This is a network which passes freely only frequencies below the 
cut-off value. •An example of a filter of this type is shown in Fig. 30. 
This may be split into equal sections, separated by dotted lines as in 
Fig. 31, forming a T-section filter. 
For such a circuit the radian cut-off frequency ( 24,) for resistance-

less elements is given by wo — Vzz,. When co (24) exceeds ci,„ the 

higher frequencies become rapidly attenuated. 
In practice, as the resistance of the inductor elements is finite, its 

effect on the circuit performance shows itself in two ways: 

(i) The higher the effective resistance value of the choke, the 
greattr the attenuation in the pass range. This is undesirable, 
hence the resistance value is kept as low as possible to maintain 

a high Q-value, (t). 

(ii) The higher the effective value of resistance, the more rounded 
becomes the sharp corner at wo, as indicated in Fig. 32. 

To ensure complete absence of reflections on relatively short lines, it is 
essential to cloae the line in its characteristic impedance Zo, so making 
it behave as a line of infinite length. 
From a simple ripple filter viewpoint, however, it is rarely possible to 

FIG. 30.—BASIC LOW-PASS 
FILTER CIRCUIT. 

T T T  
I "i 

L 

FIG. 31.—T-SECTION LOW-PASS 
FILTER CIRCUIT. 
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FIG. 32. — ATTENUATION 
CURVE OW A Lowyuss 

FILTER. 

0.8 1-1 0.9 1.0 
• Wilve —.-

close the circuit on its characteristic impedance. To simplify the 
circuit, most ripple filters omit the first half-section, without serious 
detriment to its ripple-reduction characteristics. 

Divider Networks 

From a general consideration of ripple filters, the- circuit is basically a 
divider network in which a high impedance is connected in series with 
the low-impedance section, as shown in Fig. 33. Thus the relative 
reduction of the input signal, or Ripple Reduction Ratio is : 

10 

a 

6 

db 
4 

2 

Z1 1 
Z1 + Z2 —  k 

where k is the ripple reduction factor. 
For two such systems in tandem (Fig. 34) the Ripple Reduction Ratio 

becomes : 
21 Z, 1 1 

z1 + z2 X +  

For two identical Systems the ratio is I /V, hence for n such systems it is 
/k". It would appear that many small systems of L—C " links " would 

be more satisfactory than one or a few; in practice this is not necessarily 
so, as will be seen later under " Inductance/Capacitance Filters ". 

In the above expressions the impedance may be resistive, reactive 
or capacitative, or a combination of all three, thus giving the three basic 
types used in present-day practice. 

INPUT 

Z2 

OUTPUT 

Fia. 33 (abore).—Dtvrnaa 
NETWORK, FIRST STAGE. 

FIG. 34 (right).—SECOND o  

Z4 

OUTPUT 

STAGE. 
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Ripple Filter Types 

The three main types are as follows: 

(i) Resistance/Inductance Filters.—These are used when the 
capacitative section is prohibitively large, from a mechanical, 
electrical or economic aspect. 

(ii) CapacitativelResistance Filtere.—Used for low-current condi-
tions where the D.C. voltage drop and power loss are unimportant. 

(iii) Inductance/Capacitance Filters.—Used for all power require-
ments where overall efficiency and load regulation are important. 

Resistance/Inductance Filters 
This class of filter utilizes the resistance of the load as the low. 

impedance element, with the inductance of a series choke as the high-
impedance arm. This arrangement fills an important role in connection 
with valve-filament heating, where the valve current is of a high order 
and the voltage relatively low. In these cases the ripple requirement is 
usually of the order of 1 per cent of the D.C. voltage value. 
For currents exceeding 20 amperes, three-phase supplies are usually 

adopted to give the advantage of low fundamental ripple as illustrated 
in the following typical example: 
Exemruc.—Filament rating: 6 volts 200 amperes. Supply: three-

phase 50 c/a. Rectifier: selenium in three-phase bridge circuit. Basle. 
ripple: 6 per cent at 300 c/a. Smoothing choke: 0.18 mil. 
From the above data the " hot " resistance of the valve is 6 volts 

200 amperes, which is 01)3 ohms. 
Impedance of choke cuL ••-= Zir x 300 x u•18 x 10-6 = 0.337 ohms; 

0.03 1 
hence the ripple reduction ratio is 0.337 = and the ripple per. 

6 
centage =-11.2 or 0.54 per cent. 

To make any appreciable difference using capacitor filtering, the 
impedance of the capacitor element must be of the order of one-fifth 
that of the valve " hot " filament resistance. 
Thus in the above example, the capacitor impedance would be of the 

1 
order of 0.006 ohm, i.e. — = 0.006 ohm. toc 

Hence 
106  
x 0.006 

106 
= 1.885 x 108 x 6 x 10-6 

6 
= i10rg = 89,000 iLF 

which is too large from a mechanical and cost aspect for normal filament 
filtering. In many instances the cost of the capacitors would be much 
greater than that of the choke. 

In general, the addition of capacitors under the conditions outlined 
above is unusual in practice. 
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INPUT 

(a) 

OUTPUT 

 o 

(b) 

DATUM 

35.— RESISTANCE/CAPACITANCE FILTER : (a) CIRCUIT; 
(b) VECTOR. 

Resistance/Capacitance Filters 

This system utilizes resistance as the high-impedance arm and 
capacitance as the low-impedance one, as shown in Fig. 35 (a). 

Since the capacitative reactance is 90° out of phase with the resistive 
element (see Fig. 35 (b)), the estimation of ripple ratio must involve the 
correct vector relationship. Hence for this circuit, the magnitude of 
the ripple reduction ratio will be : 

1 
WC   1 

„sl ip ± (eli.c )2 k 
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FIG. 36.—RIPPLE REDUCTION FACTOR TOR A SINGLE RESISTANCE/ 
CAPACITANCE FILTER. 
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INPUT 

(a) 

OUTPUT 

j wt. 

- - -DATUM 

WC 

(b) 
Fie. 37.—INDUCTANCE CAPACITANCE FILTER,. 6) CIRCUIT; (6) VECTOR. 

1 .:»C 1  
For ratios less than 3., the approximation -7i = 0.,CR may be used 

without serious error. For values greater than 13, however, the full 

expressidn must be used. Fig. 36 shows the ripple-reduction factor, k, 
for a single-stage resistance/capacitance filter. 

Inductance/Capacitance Filters 

For this type of filter the inductance is the hign-impedance arm, 
with the capacitance as the low-impedance member, as shown in 
Fig. 37 (a). 
From the above vector relationship (Fig. 37 (b)) it is clear that the net 

impedance to A.C. is given by ed — «76,1 , and since t7-,1 is across the 

output circuit, the magnitude orthe effective ripple reduction ratio is 
given by: 

coG 1 i — 
1 — cu2LC — 1 7 L:Y - 1-77 

which indicates that 3̀-c. must exceed 2 to make.any contribution to the 

ripple-reduction ratio. So that if = 10, then the ripple reduction 

1 
ratio = ' i.e., k = 9. 

6 

" Link Resonance" 

As indicated under " Divider Networks ", it appears that the larger 
the number of sections for a given electrical specification, the greater the 
ripple-reduction ratio. In practice, other limiting factors come into 
play, the major one being the " link resonance ", which is a governing 
factor in many applications. Fig. 38 shows the " link " diagram: 
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DiAonam. 
38.--," LINK" 

o • T T T. 
It is preferable for this resonance to be outside the working frequency 

of the system. For instance, if the minimum working frequency of the 
system is 50 cis, the filter should not resonate above this figure. In 
general, the " link " resonant frequency should be 15-20 per cent less, 
i.e., 42.5-40 c/s. It should be remembered that effective capacitance 
is that due to the aeries value round the link, i.e., if both capacitances 
are each C, then the effective capacitance C', is C/2. Fig. 39 shows the 
relationship between resonant frequency f and the product of L (henrys) 
and C (microfarads). 

Although it is possible to give precise figures for inductance (L) and 
capacitance (C), it is worth while bearing in mind that the value of L 
may vary between ± 10 per cent and C vary between ± 20 per cent of 
the nominal values, which would thus give the following excursions of 
" link " resonant frequency from the nominal value. 
EXAMPLE.—A ripple filter to operate over the range of 50-3,500 c Is 

comprises two stages of L = 6 henrys and C = 4 µF. Assuming L to be 

fc, 
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39.—RESONANCE CHART LC/f. 
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within ± 10 per cent and C to be within ± 2) per cent, then three link 
reemanceo, as given in Table 11, could occur on top, normal and low 
element values. 

TABLE 11.—EITECT OW ELEMENT VARIATIONS ON LINK RESONANCES 

(1) (2) (3) 
Top Normal Low 

Element Element Element 
Valuee Values Values 

L (henrys) 
C (µF) . 
C1 (e) . 
LC, (ell) 

103 . 
— vrui (radians/sec). 

= ;7;;- (cis) • 

6-6 6.0 5-4 
4-8 4-0 3-2 
2-4 2-0 1-6 

15-85 12 • 8-62 
3-98 3,465 2-94 

252 289 340 

40 46 54-2 

This shows that cases ( 1) and (2) are well outside the working frequency 
range, but case (3) indicates that, under suitable conditions, resonance 
could occur, and consequently the values of L or C would have to be 
increased to avoid this condition. 

Fig. 40 gives the ripple reduction factors for one stage of L-C filtering. 

Filters for D.C. Generatois 

In some instances it is necessary to use D.C. generators for power 
supplies for communication purposes, particularly on telephone net-
works, where the ripple applied to the circuit must be of a very low 
order. 

Before considering this problem in detail, it is worth while examining 
the fundamental ripples inherently prodticed in D.C. machines. There 
are three main sources: 

(i) the number of poles, resulting in pole frequencies varying 
between 25 and 100 c/s, dependent upon the speed of the machine! 

(ii) the slot arrangement, producing slot frequencies of the order 
of 500-1,000 c/s, depending upon the number of armature slots 
and the machine speed; 

(iii) the commutator, producing commutator ripple, depending 
upon the number of commutator segments and the machine speed, 
producing frequencies varying from 1,000 to 3,000 cis. for a well. 
maintained commutator. 

Fôr a badly maintained commutator, the frequency spectrum may 
extend well into the ultra-high-frequency region, with consequent 
interference with telephone, radio and television reception. 
The slot frequency is usually of greatest importance because of its 

medium-frequency value and relative magnitude. 
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FIG. 40.—RIPPLE REDUCTION FACTORS FOR ONE STAGE OP INDUCTANCE/ 
CAPACITANCE FILTERING. 

I 0 01 

In many cases the commutator-segment frequency is much higher 
and relatively smaller in amplitude; hence its effect is negligible and 
may be handled by the filter for slot frequencies. If the commutator. 
segment frequency approximates that of the slot frequency, then it. too, 
would be dealt with in the same manner. 
Should the double-pole frequency fall in an important part of the 

frequency spectrum, from the communication aspect, then it would 
necessitate larger component values to attenuate the lower frequencies 
subject to the " weighting " correction given in Figs. 43 or 44. In 
view of the foregoing remarks, it is necessary to filter the output of the 
generator to attenuate the ripple to a level which will not cause inter-
ference within the operating frequency range of the system. 
For large machines the upper limit of ripple is of the order of 1 mV 

at 800 c,'s for a 50-volt machine, i.e, a ripple-reduction ratio of 1/50,000 
or 94 db below 1 mV. To obtain such low values of ripple-reduction 
ratio, it becomes necessary to use at least two filter sections. Fig. 41 



RIPPLE FILTERS 25-41 

INHERENT INDUCTANCE 
OF D.C. GENERATOR 
r • - • - - • 
• 

INHERENT INDUCTANCE 
OF ACCUMULATOR 

r•—•—•—• 

L 

5.1 
.D, 
la_ C C I 

• é LK 1111"  Oi 
-147" I 

••• 

- - 

I LOAD I 

d —4- — • — — 

D.C. GENERATOR ACCUMULATOR 

FIG. 4 1.—MACHINE FILTER. 

shows the basic diagram, in which it will be noted that the following 
precautions are taken: 

(i) the total capacitance is divided into convenient blocks, 
usually not exceeding 1,000 p.F (where the total capacitance is 
1,000 iF or less the blocks are divided into two or more sections); 

(ii) each capacitor is suitably fused to limit the power dissipated 

under fault conditions; 
(iii) isolating links are fitted so that the capacitor element may 

ho completely disconnected for testing or removal. 

Effect of Audio-frequency Disturbances 

As indicated previously, the ripples generated range from very low to 
high audio frequencies, their magnitude having a large bearing on the 
degree of attenuation necessary. Before examining the problem in 
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greater detail, a brief outline of the behaviour of the human ear is 
desirable. 

Frequency Characteristics of the Human Ear 

The human ear, although quite a sensitive organ, does not respond in 
a linear manner to sound pressure : it is least sensitive at each end of its 
frequency range, where the threshold of hearing meets the threshold of 
pain, which normally ccurs in the region of 20 c/s and 22,000 c 's 
respectively. Fig. .Ù shows a curve of this relationship. 
, There are, of course, many people who have defective hearing due to 

illness or occupational deafness, the latter including boilermakers, 
riveters and kindred trades, in which case the curves of Fig. 42 become 
modified. 
From a broadcasting-service aspect the frequency range transmitted 

is between 30 and 12,000 c/s, which is well within the range given in 
Fig. 42. For commercial speech—utilizing telephone lines, line 
apparatus and radio equipment—the frequency band ranges from 200 
to 3,500 c/s. From Fig. 42 it may be seen, for example, that at a 
frequency of 200 c/s the ear requires a sound pressure approximately 
eleven times greater.than that at 800 c /a to be equally effective at the 
threshold of hearing. Consequently, the level of the disturbance at 
200 c/s may be eleven times greater for an equal interference level. 
This large variation led to the investigations which resulted in the 
adoption of a recognized noise meter. 

C.C.I.F. Noise Meter 

In 1934 the C.C.I.F. recognized the desirability of having an inter-
ference or noise-meter, which took into account the great variation of 
pressure sensitivity of the human ear over the audio-frequency range, 
and decided that some attempt must be made to rationalize the position 
regarding its effect on international communication systems. 
The result of the 1934 meeting was the definition of a new meter to 

give permissible variations of pressure sensitivity in terms of an 800-0/8 
current into a non-inductive resistance of 600 ohms. Thus it became 
possible to measure the effect of the interfering signal in terms of the 
800-cis standard. (At a subsequent meeting it was decided to include 
another network to cater for broadcast systems in which the datum was 
1,000 c/s.) 

The Psophometer 

The instrument, originated by the British Post Office and accepted by 
the C.C.I.F., is called a Psophometer, and contains a network associated 
with an indicating instrument. 
• The function of this network is to " weight " every frequency in 
accordance with its interference value (related to a frequency of 800 c/.. ). 

Weighting Curves 

Fig. 43 shows a curve of the " weighting " constant, k, based on the 
C.C.I.F. recommendations for a broadcast system. Fig. 44 gives the 
relationship for a commercial telephone system. 
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For a commercial telephone circuit, the peak response frequencies are 
in the neighbourhood of 1,000-1,200 c/a. Consequently, any signal 
within this range will show greatest response for a given input level, 
therefore any interfering signal would also have greatest effect. Thus 
it will be noted that both the ear and the system have greatest effect in 
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FIG. 45.—" BITILT-6IIT" FILTER. 

the same frequency region. Hence the necessity of the weighting 
assessment of the whole transmission. 

Assessment of Audio-frequency Noise 

Considering this problem in terms of an interfering frequency of 
100 c/a, and supposing the limiting signal for the standard is 1 mV at 
SOO c /s, then from the " weighting curve ", the appropriate value of k 
(for 100 c /s) is chosen and the effective level of the interference signal 
determined from the relationship, 2 mV x k, where k =-- 112-2; hence 
the equivalent audio-frequency interference level would be 2 x 
112-2 = 224-2 mV. Thus the correct limitation of interfering signal 
may be applied via the filter system. 

Smoothing Circuits for Television Service 

In conside;ing the smoothing of H.T. supplies for circuits passing a 
series of rapidly changing pulses, it is worth while noting two major 
conditions under which such supplies may be operated: 

(i) To present a very low impedance to the load over a wide 
frequency band so that the load regulation is negligible. This may 
be achieved by using a series type stabilized power supply in which 
feedback conditions are applied to control the circuit impedance 
over a wide range of load and frequency. 

(ii) To make the circuit behave as a constant resistance, what-
ever the load. This may be done by (a) using a shunt valve 
stabilizer and (b) by " building out" the smoothing circuit. 

" %Obeid " Filters 

For television modulator H.T. circuits the load varies with the picture 
signal, and, as it is essential to avoid reflections in them, constant. 
resistance networks are used. 

Fig. 45 shows one type commonly used in practice. 

For this circuit e = Lo„,„7.)or  Rul 
C(faract.) C(tara4) 

Table 12 giyee relative values of R and C for an inductance of 0.5 

LE 
henry where Cuar -,---- X 106. VR£12 
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TABLE 12.—RELATIVE VALUES or R AND e 

R . . . 20 ohms 50 ohms 70-7 ohms I 100 ohms 

C . . . 1,250 µF 200 µF 100 µF I 50 µF 

It is clear from Table 12 that the lower the value of " built-out " 
resistance R, the greater is the capacitance, size and cost of the capacitor. 
Thus the resistance becomes a major factor in determining the value of 
capacitance to be used in circuits handling high powers. From the 
input-power aspect, however, the larger the value of R, the greater the 
voltage input for a given current rating, and consequently, the lower 
the overall efficiency of the circuit. A compromise between power 
efficiency and electrical expediency is usually necessary to obtain a 
satisfactory arrangement: hence R -= 100 ohms and C = 50 µF is a 
reasonable solution for circuits. handling power of the order of 100 kW 
D.C. (From the ripple-reduction ratio viewpoint, the value of 1/k for 
a three-stage circuit of this type is of the order of 1/800 for the 300-c /8 
omponent, and for the 50-c /s one.) 
Since the value of R chosen is usually above 50 ohms, the rectifier 

circuit resistance, including the transformer primary (referred to the 
secondary) choke and other resistances must be " padded out" to 
approach the value of R. Therefore, if soft rectifiers are used, additional 
resistance must be included in series with the rectifier, either lumped in 
the D.C. output or in each valve anode, the latter being preferable, as it 
minimizes serious damage should the valve backfire. 
Hard valves may be used in these circuits, providing their effective 

resistance can be held within the R value. 
From the viewpoint of general convenience and expediency, it is 

obvious that if the " built-out " resistance can be incorporated within 
the rectifier, a much improved arrangement will result. One such 
form is the selenium metal rectifier, which is very suitable for this servicet 
although it is important to ensure that the inherent rectifier resistance 
is slightly below the " built-out " value after the rectifier has aged. 
The difference between the rectifier resistance and the built-out 

resistance value (some 10-20 per cent of R) is made up by using a 
variable non-inductive unit. 
To allow fiir the variation of the resistance of individual rectifier arms, 

it may be necessary to include a balancing resistance in each. This will 
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minimize the increase of fundamental ripple occasioned by the resistance 
being out of balance. The " built-out " filter, shown in Fig. 46 (for 

which RI = 2L)' is an improvement on that shown in Fig. 45. This 
C  

is because the series-resistance elements are only included in the series 
arm, i.e., the capacitors in shunt across the supply are of low impedance, 
and therefore are of greater use from a pure ripple-reduction aspect. 

Typical Ripple Figures for Radio Transmitter Equipment 

One of the guiding requirements on the ripple-reduction figures for 
these filters is the subsequent degree of amplification the signal receives, 
and whether any cathode-follower assistance is obtained from the circuit 
(this effect is of great value, because it results in a reduction proportional 
to 1/(1 s)). In general, the earlier the stage in a given group of 
circuits, the greater must be the attenuation to the unwanted signals 
applied via the smoothing circuit. Thus the ripple permissible for a 
microphone pre-amplifier would be extremely low, because of the high 
gain necessary before the final power stage is reached. 
On the higher-powered stages the amplification is usually less, and 

consequently the degree of ripple reduction for a general level of un-
wanted ripple noise is less. Table 13 gives ripple figures for circuits 
used in radio and telephone-line service. 

TABLE 13.—TYPICAL PERMISSIBLE RIPPLE VALUES 

Ref. Circuit 

Ripple Value Relative to 
D.C. Level 

Percentage Decibels 

1 
2 
3 
4 
5 

7 

8 
9 

Microphone pm-amplifier 
Micropnone 
Studio amplifier H.T. 
Telephone speech circuits 
1st audio-frequency amplifier 
Modulator and sub-modulator 

G.B. 
H.T. for modulator and all 

broadcast service ampli-
fiers, including final stage 
television transmitter H.T. 

H.T. for C.W. transmitters 
Low-voltage high-current 

heater circuits 

0-0005-0-001 106-100 

0-002-0-005 94-88 

0-01-0-005 80-86 

0-1-1 60-40 

Chokes for Smoothing Filters 
Chokes for this service may be classified under two headings: 

(i) Those for nominal " constant" inductance applications, 
where the variation of inductance with D.C. is relatively small, of 
the order of ± 15 per cent. 
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(ii) Those for " swinging" choke service, where the required 
variation of inductance is very wide. This is brought about by the 
use of partial magnetic saturation at high D.C. values. The range 
of inductance variation may be as high as ten to one. The object 
of the high inductance at relatively low values of D.C. is to prevent 
the output voltage " soaring " to the peak of the A.C. voltage wave 
as the D.C. tends to zero. By this scheme good load-regulation 
characteristics are maintained over a much wider range of load 
current than would otherwise be possible. 

Swinging" chokes are used mostly on low-power circuits. 

Testing of Chokes 
Unless the choke performance is within its specified tolerances, the 

ripple-reduction ratio of the smoothing filter cannot he attained; con-
sequently choke testing is of considerable importance to ensure this 
condition. The main tests applied to chokes are as follows: 

(i) D.C. resistance; 
(ii) inductance; 

(iii) voltage proof tests; 
(iv) heat run. 

These items will now be considered in greater detail under the above 
item references. 

(i) Direct Current Resistance.—It is important to ensure that the 
D.C. voltage drop is within the specified value. Variations in the 
size of wire for a given nominal gauge, the interleaving insulation 
and the tension of the wire during winding all contribute to the 
variations about the nominal value. The usual manufacturing 
tolerance is of the order of ± 15 per cent, although in some cases 
± 10 per cent is specified. 

(ii) Inductance.—The inductance of chokes for ripple-filter 
applications is a function of the incremental permeability of the 
iron forming the core, hence the A.C. voltage under test conditions 
is of fundamental importance, as shown in Fig. 47. If the choke 
is first in the circuit, then the majority of the ripple voltage will 
appear across it. In the case of a -single-phase full-wave rectifier 
the peak voltage across the choke is approximately 68 per cent of 
the D.C. value, thus producing a large cyclic change o. flux density, 
which tends to give a larger value of effective inductance than when 
a very low ripple voltage is applied. 
To ensure the correct performance of the choke, the specified 

A.C. ripple voltage must be applied along with the correct D.C. 
value. 

(iii) Voltage Proof Teste.— Under this heading the voltage across 
the choke must be specified to enable the correct test voltage to be 
applied. For instance, if a choke is connected to the output of a 
10,000-volt rectifier on a full-wave bi-phase circuit, this winding 
must be insulated to operate at 6,800 volts peak across the coil 
a very different condition for a circuit operating at, say, 500 volts 
D.C., where the peak ripple voltage would be 340 volts. In the 
first case the creepage voltage per inch would be some twenty 
times greater than for the second case (for windings of equal 
00 
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47.—EFFECT or INPUT VOLTAGE ON INDUCTANCE. 

mechanical size), thus necessitating greater care in design to 
eliminate ionization hazards which might occur under these 
conditions. 

In some applications, providing the insulation over the winding 
is adequate, the coil could be centre-tapped and connected to the 
core to minimize the voltage stress between the winding and the 
core. In this case the whole of the choke structure should be 
mounted on insulators suitable for the required test voltage. Ibis 
essential that the ionization level is not exceeded under any test 
or working condition. 
There are a number of proprietary designs of A.C. and D.C. 

H.T. insulation testers with audio-ionization indicators which 
simplify tests df this type. 

(iv) Heat Run.—The temperature rise of the choke is of great 
importance, and must be safely inside the specified temperature 
tolerance. Where temperature rise exceeds 50° C., the insulation 
on the coil and general insulation overall should be reviewed and 
changed to glass fabric, or the newer plastics, nylon and terylene, 
and high-temperature varnishes, as circumstances dictate. 

Measurement of Inductance 
There are a number of circuits suitable for the measurement of 

inductance, but the Owen, or one of its variants, is often used. This 
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48.—OWEN BRIDGE. 

bridge may be arranged to give 
the elements as series or parallel 
components of inductance and 
resistance. 
To eliminate the human ele-

ment as much as possible, the 
balance of the bridge may be 
facilitated by the use of an 

C3 amplifier (which may be tuned 
or not, as required) and an 
indicator in the form of a tuneon 
or microammeter. To obtain a 
fair degree or accuracy, good 

7 A.C. INPUT 7 magnetic and electric screening 
is essential on the bridge com-

ponents and wiring. Should the inductive and capacitative residuals of 
these not be small, large errcrs are likely to arise on low- and high-
inductance determinations. 

Apart from the above causes of error, the bridge balance is often 
difficult if: ( i) the A.C. source contains harmonics; the iron-cored 
component itself produces them, particularly when using telephones. 

In general, the flux densities used for chokes are such that the initial 
straight part of the magnetization curve is utilized. Fig. 48 shows the 
usual form of bridge for relatively low-voltage test conditions. When 
the A.C. volt ge across the choke is large the circuit shown in Fig. 49 
is used. This circuit avoids the difficulties in obtaining decade resist-
ances and capacitances which can be operated at high voltages. The 
arms of the bridge are separated, and the difference of voltages between 
the two parts is compensated for by suitable tappings along the ratio 
arm. 

C 3 

10 

DECADE 
BOX 

Fia. 49.—Owzx BRIDGE YOB HIGHER VOLTAGES. 
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These bridges have the advantage that they are independent of 

frequency. The bridge will balance when R = P---ge and L = PQC,. 

With fully screened components, accuracies of the order of 1 per cent 
may be obtained on inductances up to 1 henry, whilst 2 per cent may be 
obtained for inductances from 1 to 150 henrys. 
The value of the A.C. blocking-choke inductance must be at least ten 

times that of the choke to be tested, to minimize its shunting effect on 
the bridge. To avoid heating troubles on the blocking choke, the 
current through it should he kept on only for a time sufficient to make a 
balance. R. H. B. 

MERCURY ARC RECTiFIERS 

Prior to 1932 the high voltage D.C. power required by large radio 
broadcast transmitters was obtained from motor generator sets. How-
ever, some three years before this time the Marconi's Wireless Telegraph 
Company Ltd. had carried out experiments with high-voltage pumped 
steel-tank rectifiers. In 1932 the Briti ;II Broadcasting Corporation 
decided to incorporate 20-kV 600-kW steel-tank rectifier's in the new 
1,500-metre Droitwich station. Whilst at this time the relatively 
untried steel-tank rectifier could hardly be said to be as reliable as the 
motor generator set, its approximate efficiency of 96 per cent, compared 
to the 85 per cent of the motor generator set, was no doubt the deciding 
factor. 
With its advantages of voltage control, high-speed circuit protection 

and low internal impedance (particularly suiting it to supply Class B 
modulated transmitters) further recommending its use, the steel-tank 
rectifier, once established, soon superseded the motor generator set. 
During the past decade, however, the steel-tank rectifier has in its 
turn been almost completely supplanted for this duty by the high-
voltage, single-anode rectifier called the Exeitron. 

Steel-tank Rectifiers 
It is a sign of the rapid progress that has recently been made in the 

field of high-voltage rectification that in 1945 the steel-tank rectifier, 
having since 1932 given ample proof of its reliability, was looked upon 
as the type of plant that would be used for mtufv years to c' 'mue. The 
latest typo tanks, which had gradually evolved from the water-coded, 
pumped units first used, were then—and still are—the sealed air-cooled 
unite, and it was anticipated that any futuro developments would take 
place along these lines. Today, as mentioned above, the high-voltage 
steel tank is virtually obsolete for radio applications. 
A typical high-voltage sealed steel-tank rectifier is shown in Fig. I. 

The bulla is of the air-cooled, side-arm type, fitted with two grids, the 
upper a control grid and the lower an eneseizett-grid,'which, in view of 
the long narrow as-ins, is required to mist the natural commutative 
action of the rectifier. The photograph also illustrates the normal 
method of installing the tank and its associated equipment. On the 
right-hand side can be seen the control cubicle, in which are mounted 
the grid control, arc suppression, excitation and ignition auxiliary 
circuits. The whole equipment is contained in an enclosure measuring 
about 15 ft. by 13 ft., and having access doors interlocked with the A.C. 
breaker and rectifier earthing switch. Behind the enclosure in a cell 



MERCURY ARC RECTIFIERS 25-51 

Fia. 1 (above).—A 500 KW , 12,500-your 
Hum VOLTAGE SEALED STEEL TANK 
RECTIFIER FNCLOSURE IN A TRANS-

MITTING STATION. 

Fia. 2 (right).—Tyvx ARM SINGLE 
ANODE RECTIFIER. 

‘Photographs reproduced by kind permission 
of the English Electric Co. Ltd.) 

is mounted the rectifier transformer, the latter being normally connected 
either in six-phase fork or six-phase double star. 

High-voltage Single-anode Rectifiers—Exeitrona 
While the steel-tank rectifier had proved its worth for large equip-

ments, it was, ill fact, expensive for all but the larger-powered trans-
mitters. In view of this fact, work was started around 1947 to develop 
a mercury-pool rectifier that would provide an alternative at the 
smaller ratings to the hitherto normally used hot-cathode tubes. The 
outcome of this work was the single-anode rectifier, named the Excitron. 
The first excitron equipments, rated at 260 kW, 12 kV, to be commis-
sioned went into service early in 1951. Since that date further develop-
ment has shown that equipments of several times this rating can be 
constructed by connecting numbers of tubes in parallel per phase, 
equipments having many advantages over the steel-tank rectifier, not 

the least being a much-reduced capital cost. 
The excitron is a continuously excited, mercury-pool cathode, glass-

envelope rectifier. Fig. 2 illustrates a high-voltage excitron of recent 
design. It is constructed from a heavy glass tube of approximately 
31 in. in diameter, it is 171 in. in length and weighs 51 lb. The anode, 
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cathode, grid and excitation-anode seals are of the glass-to-metal type. 
Graphite 18 used for the solid cylindrical anode, and the tube has a 
mercury-pool cathode. Anchoring of the cathode spot is achieved by 
means of a semicircular molybdenum spot-fixing ring. Two grids fully 
screen the anode, and are supported inside the tube by the intermediate 
disc seals through which they are energized. The upper grid is the 
H.T. or potential dividing grid, and the lower the control grid. 
The excitron is ignited by a simple gravity-controlled dipper device, 

which can be clearl seen in the photograph. The pivoted arm carries 
at one end an armature, and at the other a small anode, performing the 
dual function of an ignition and excitation anode. The energizing of 
a gapped choke, mounted approximately 4r in. from the tube, attracts 
the armature and lifts the anode from the mercury pool, drawing an arc, 
which is subsequently maintained as an excitation arc continuously 
exciting the tube. Extinction of this arc results in the dipper falling 
back into the mercury and automatic re-ignition. With the excitation 
established, the tube is immediately ready to carry full load. The tube 
is mounted vertically and air-cooled, the air being blown on to the 
cathode radiator from insulated nozzles at the rate of 30-40 cu. ft. of 
air per minute, depending on the full-load rating and maximum ambient-
air temperature. 

It will be appreciated that the mercury-pool cathode excitron pos-
sesses several advantages over the hot-cathode type of tube. There is, 
for example, no limitation of life due to loss of emission from the 
cathode; it can withstand backfire and heavy overload currents without 
damage. and furthermore, no initial filament-heating time is required. 

Typical High-voltage Excitron Equipment 

Single-anode • rectifiers permit the use of the three-phase, full-wave 
bridge circuit and the transformers are thus of the 3/3 phase type, the 
primary being.connected either in star or delta and the secondary in 
star. The use of this connection results in a capital saving over the 
delta/diametric or delta/fork connected transformers used to supply the 
high-voltage steel-tank units. 
One of the major advantages of the high-voltage single-anode 

rectifier unit, is its compactness. For a typical 260-kW 12-kV unit the 
floor space occupied by the cubicle (2 ft. 6 in. by 6 ft.) compares most 
favourably with the 16 ft. by 14 ft. enclosure required by a steel-tank 
equipment. 
The six excitrons are each mounted on a separate insulated panel, 

which also carries all the ignition and excitation circuit auxiliary 
apparatus associated with the tube. Cooling air is drawn generally 
through a filter, from outside the cubicle, by a motor-driven blower unit. 
On closure of the A.C. breaker the tubes are automatically excited, 

the fan starts, and the equipment is immediately ready to supply full 
load. A failure of the fan motor results in automatic arc suppression. 
As the D.C. output of the rectifier has usually to be heavily smoothed, 
it is generally advisable to limit the charging current taken by the 
smoothing circuit in order to be able to maintain reasonable settings of 
the overload relays. This is achieved by gradually applying the voltage 
in steps, by exciting first two, then four and finally all the tubes. This 
latter operation is very rapid, and full volte are applied to the D.C. 
circuit in about 0-75 seconds from the closure of the A.C. breaker. 
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• Variation of the D.C. output voltage is achieved by suitably delaying 
the firing of the exeitron with a negative bias voltage on the control grid. 
At the correct instant of each cycle this bias is removed and the grid 
made positive with respect to the cathode, allowing the anode to carry 
current. 
Any of the three normal methods of grid control can be used, namely, 

impulse D.C. biased sine wave or variable-phaae sine wave. 
The excitrons are arc suppressed by applying a large negative bias to 

the control grid, so preventing any of the tubes from firing. This 
feature is used to give extremely rapid protection against severe over-
loads, whether zectifier or transmitter, and to remove the H.T./D.C. sup-
ply in the event of transmitter faults, thereby minimizing possible 
damage to apparatus or valves 

VOLTAGE-STABILIZER AND REFERENCE TUBES. 
Voltage-stabilizer tubes (often termed voltage-regulator tubes) and 

voltage-reference tubes are gas discharge tubes, usually gas-filled diodes 
with unheated cathodes, specially designed to provide steady voltages. 
Voltage-stabilizer tubes are normally employed in simple circuits to 
supply reasonably stable voltages to circuits with loads of up to about 
40 mA. Typical applications are for the voltages supplied to local 
oscillators in communications receivers, for master oscillators in trans-
mitters or for the stabilization of screen-grid voltages in audio-frequency 
Claim B amplifiers. Voltage-reference tubes are intended for applica-
tions requiring extremely accurate stabilization; these tubes deal 
directly with only negligible current, but are often used as a source of 
reference in units delivering considerable power by comparing the output 
with the voltage across a reference tube and then employing the error 
signals to vary the effective impedance of the supply. 
The following are terms used in the specification of the characteristics 

of reference and stabilizer tubes : 
Ignition Voltage.—Voltage at which the discharge in the tube will 

be initiated. This characteristic is affected, in some tubes, by the 
ambient light, and delay may occur in the firing of a tube in complete 
darkness. 

Burning Voltage.—When the tube has fired', the voltage scrims it 
drops to a value known as the burning voltage. Over a long period 
this value tends to change slightly, and the long-term stability is deter-
mined by this characteristic. With most tubes there is a tendency for 
voltage stability to increase during their life, so that an overall increase 
in stability may be obtained by ageing the tube. 

Burning Current.—This is the current flowing through the tube and 
the manufacturer provides maximum and minimum liruits for satis-
factory operation. Temporary overloads of several times the normal 
maximum current are generally permissible on starting, provided that 
these do not re-occur at intervals of less than a few minutes. 

Regulation Voltage.—This voltage is the difference in burning voltage 
between maximum and minimum burning currents. 
When designing for voltage-stabilizer tubes it is essential to ensure 

that the minimum ignition voltage is applied to the tube even under the 
most unfavourable conditions of high leads and low mains voltages, 
etc., and that the burning current should not fall outside the specified 
limits under any likely conditions. Manufacturers do not recommend 
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the cormiection of gas-filled tubes in parallel in order to increase current 
ratings, since slight variations between individual tubes produce unequal 
current distribution. Stabilizers may, however, be connected in series, 
in order to stabilize higher voltages than that for which they are 
designed, in which case it may be advisable to connect 0.2-1-Mû shunt 
resistors across one or more of the tubes in order to reduée the minimum 
ignition voltage. 

ZENER DIODES 

If a silicon junction diode with a low breakdown voltage in the re-
verse direction is biased to just beyond the turnover point, current will 
flow limited only by the low slope resistance, any further increases in 
current will result in only a negligible increase in voltage across the 
diode, the variation in voltage being a function of the slope resistance. 
Hence, in the turnover region the voltage across a semi-conductor diode 
will be substantially constant for reasonably small changes in current. 

This characteristic of semi-conductor diodes may therefore be usecras 
a voltage reference source or as a voltage regulator or as a voltage-surge 
limiter in much the same way—only at lower voltages—as voltage-
regulator tubes. Diodes intended for this application are termed Zener 
diodes, and are available in a number of ranges with ttirnover voltages 
between about 3 and 15 volts. In practice, both the inverse and forward 
characteristics may be used as reference sources. 

Since the slope resistance of a Zener diode decreases as the inverse 
• current increases, it is desirable to operate the diodes at as high a current 
as possible in order to obtain the optimum regulation; this current is, 
however, limited by thermal effects. A typical operating current for 
optimum regulation is of the order of 20 mA. 
For a given current, the inverse • reference voltage will vary with 

ambient temperature. The effect may be either an increase of voltage 
with increasing temperature (positive coefficient) or a decrease of voltage 
(negative coefficient), depending on the nominal voltage of the diode. 
The temperature coefficient of voltage remains fairly constant over the 
ambient temperature range for which it is designed, and is often ex-
pressed as a percentage value for unit temperature variation. Zenér 
diodes may be operated in series, and it then becomes possible to select 
diodes whose combined temperature coefficient may be almost zero 
over a very wide temperature range. For additional stability, Zener 
diodes may be operated in an oil bath. Parallel connection of Zener 
diodes is not possible, as there would always be unequal sharing of the 
current. 
The usual precautions should be taken when connecting these 

semi-conductor devices into circuit. Zener diodes may also be used as 
low-voltage power rectifiers. , 
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Human control over nature has been accomplished an the main 
through the instrumentality of machines, in which a relatively small 
human effort is able to control a much greater output of work by the 
machine. In the science of electronics the use of a small input to control 
a larger output is termed " amplification ", and the devices used to 
accomplish this end may be divided into four broad categories: 

(a) servo mechanisms, in which a small torque controls a 
proportionate output; 

(b) transductors, in which the non-linear magnetic character-
istic of ferro-magnetic materials is utilized to control the flow of an 
electric current; 

(c) vacuum tubes and gas-filled valves, in which the potential on 
an electrostatic screen is used to modulate an electron stream; 

(d) transistors, in which a small input current is used to vary the 
conductivity of a semi-conducting element, and hence to deter-
mine the flow of current through the element. 

Amplification is not an end in itself, and it is used in complicated 
equipment to accomplish some utilitarian purpose; it follows therefore 
that the above four methods do not necessarily compete with each 
other, but each has its own particular realm in which it is the most 
convenient agent to employ. The present article will discuss the nature 
of the transistor, rather than the purposes for which it is best fitted, 
and will give data from which the reader may judge in any specific case 
whether its uso will be more advantageous tha that of an alternative 
method. Practical circuitry, for available type cf transistors, is given 
later in this section. 

For many years prior to the discovery of the transistor, certain 
materials which were semi-conductors had been used to construct 
rectifiers. The first valve amplifier was constructed by inserting a 
third electrode in a rectifier diode, and by analogy it was thought that 
the semi-conductor rectifier (often called in one form a crystal diode) 
might also be converted into a crystal triode. The analogy proved 
worthless, but in pursuit of it new discoveries were made which eventu-
ally resulted in a device which had many similarities to the therznionic 
triode. Since then several forms of crystal triode have been developed 
into a production proposition, and more than one form of tetrode has 
been constructed in the laboratory. 

Semi-conductors 

Normal constructional materials may be broadly divided into two 
categories, those which are electrical e nductors and those which are 
electrical insulators. Those in the first c. ,egory possess a large number 
of charges (electrons) which are mit firmly attached to any particular 
nucleus, and hence may be thought of as an electron-gas which by 
diffusion through the body of the conductor serves to convey an electric 
current. This concept is only a crude attempt to visualize a mechanical 

26-3 
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model of the conduction process, and for more exact work a mathe-
matical model in which functions replace material particles must be 
used. In a similar way insulators may be considered as materials in 
which so few charges are unattached to any specific nucleus that 
electrical conduction is infinitesimal. 
A small number of materials fall into an intermediate category, and 

are termed semi-conductors. They are so constituted that the number 
of free charges available for conduction is much smaller than that in a 
conductor, but much larger than that in an insulator. Only a few of the 
semi-conducting materials are usable for transistors, namely, the group-
four class-three materials such as silicon and germanium, or stoichio-
metric alloys of their neighbours in the periodic table of elements. In 
a pure semi-conductor the number of free charges increases rapidly with 
increase of temperature over a critical range, giving it a large negative 
temperature-coefficient of resistivity. The material used for the manu-
facture of transistors has a critical amount. of impurity which provides 
a number of free current-carrying charges still small in number compared 
with those available in a conductor, but large compared with those 
available due to thermal energy in the pure semi-conductor. Such 
materials are called impurity semi-conductors. 
Two types of impurity may be used to lower the resistivity of a 

semi-conductor; one typo provides an excess of electrons over the 
critical number required for valency bonding inside the crystal, and 
becinise the current-carrying charges are electrons, this class of material 
is called an n-type semi-conductor; the second type of impurity which 
may be used causes a deficiency of electrons in the valency bonds of the 
crystal, and each such deficiency is termed a " positive hole" because it 
also can provide a conduction current, behaving as though it were a 
particle with a positive charge due to the interchange of electrons 
between such deficiencies, arid such material is called a p-type semi-
conductor. A semi-conductor without impurity is called an intrinsic 
semi-conductor, and, providing the total impurity content is very small, 
it is possible to so balance the n- and p-type impurities that intrinsic- , 
conductance is obtained in the region where such balance is maintained. 
An added complexity to the simplified picture above, is responsible 

for the operation of the transistor. If a current be caused to pass 
through a junction in an impurity senil-conductor, it can cause a modi-
fication to the conductance of the material in the neighbourhood of the 
flow by modifying the density of the charges available for current-
carrying. This effect is responsible also for the ability of the material 
to " rectify ", increasing current in the forward direction causing a 
decrease in resistivity, and increasing current in the reverse direction 
causing an increase. In the case of the transistor a small current flowing 
in the forward direction is used to control the conductivity of the semi-
conductor, and hence to modulate a second current flowing in the 
reverse direction between independent electrodes. This effect may be 
achieved by a number of differing mechanical arrangements, each of 
which has its own peculiar electrical advantages and disadvantages; 
in consequence, it seems probable that the variety of transistors avail-
able will be as great as that of electronic valves, and a knowledge of 
their characteristics is essential to choose the optimum type for a 
particular purpose. Those types at present under development will be 
described later in this section. 
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GERMANIUM 

FIG. 1.—CONSTRUCTION OP POINT-CONTAC.T TRANSISTOR. 

Point-contact Transistors 
The point-contact transistor consists essentially of two metallic 

points contacting a plate of semi-conductor within a few thousandths 
of an inch of each other. Several physical arrangements were tried in 
the early days, but today only one form has survived, that shown in 
Fig. 1. Two metallic wires, cut at an angle to their axis to form a 
point, are lowered on to a flat surface of single-crystal germanium, and 
the whole assembly is sealed to prevent the entry of moisture and other 
contaminating elements. The germanium is prepared as an n-type 
impurity semi-conductor of approximately 10 ohms/cm. cube at room 
temperature (this value depends on application, and may be higher), 
arel after the contacts are lowered pulses of current are passed through 
- to cause a redistribution of impurities in the neighbourhood of the 
points. This redistribution of impurities generates a minute volume of 
p-type material in the neighbourhood of each point, and an approxi-
mately hemispherical boundary where n and p types meet, which will 
be only a few atoms thick of germanium having intrinsic conductance 
(called a " barrier "). A still smaller region, which is probably low-
resistivity n type, is formed around the contact between metal and 
germanium, and a somewhat indeterminate modification of the surface 
also occurs. A third, low-impedance connection is made to the bulk 
of the germanium by soldering, and the two currents flow between each 
of the points and this base contact. 
When a negative potential is applied between collector and base, the 

reverse current which flows depends upon the conductivity of the 
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2.—STATIC CHARACTERISTICS OF TYPICAL POINT-CONTACT 
TRANSISTOR. 
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germanium. When a positive potential is applied between emitter and 
base, the forward current which flows lowers the resistivity of the 
germanium in the neighbourhood of the emitter point, and, if this point 
is sufficiently near to the collector point, the conductivity in that 
regioù is increased, with consequent increase of collector current. 
Since the impedance from emitter to base is considerably lower than 
that from collector to base, if' the two points are sufficiently close a 
power gain may be realized from emitter to collector circuits. If all 
thè charges flowing into the base from the emitter were to flow out again 
into the collector, the increase of collector current would be equal in 
magnitude to that. of the emitter; in a good point-contact transistor the 
increase of collector current is very much greater than that of the 
emitter (current gain greater than unity, and usually greater than two), 
due to the trapping of charges in the neighbourhood of the roint with 
the consequent generation of still more charges. 

Charauteristics 

The static characteristics of a typical point-contact transistor are 
shown in Fig. 2. It will be seen that the collector voltage/current 
characteristics are similar to the anode current characteristics of a 
pentode valve, except that emitter current has replaced grid voltage 
transistor circuits may be designed in a manner analogous to that ir 
which valve circuits are designed, but in the case of the point-contact 
transistor a current gain greater than unity enables a single transistor 
with only resistive and capacitative elements to exhibit negative 
resistance, and in consequence greater care must be exercised to ensure 
stability. If the base be grounded, input be applied to the emitter 
and output taken from the collector, then the input impedance will be 
less than that of the,output circuit—a condition which is a disadvantage 
in many amplifier circuits. If the emitter be grounded and input 
applied to the base, the input impedance will be high, but such con-
nection is not very desirable in the case of the point-contact transistor, 
because the greater current gain tends to cause instability in the stage. 
A convenient equivalent circuit is shown in Fig. 3. When the 

temperature increases there is a large decrease in r, and an increase in 
a, while rb and r, will vary either up or down in a manner. evhich tends to 
differ with the individual transistor; the overall result is always a 
decrease in amplification as temperature rises. Most point-contact 
germanium transistors will be permanently damaged if the temperature 
is allowed to rise as high as 85° C., and will not return to their original 
characteristics. Both the diffusion of current-carrying charges into 
the semi-conductor, and the decay of such charges once there, occurs at 
a finite rate, and when frequency rises to such a value that the periodic 
time is comparable in value with the time-constant of this process, a 
fundamental change of behaviour occurs. The major effect is a rapid 
decrease of current- in as the frequency increases above a critical value, 
and the frequency at which this factor is 3 db down is called the " cut-
off frequency ". The valt.c of the cut-off frequency may be increased 
by decreasing the spacing between the two points, but this causes an 
increase in r4 which may result in instability. If a germanium with a 
lower resistivity be used, this results in a lower value of n for a given 
spacing, but, unfortunately, reducing the resistivity of the germanium 
also reduces r1, which it is desired to maintain as high as possible. In 
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FIG. 3.—CONVENIENT 
EQUIVALENT CIRCUIT' 
FOR POINT-CONTACT 

TRANSISTOR. 
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consequence of this it is usual to manufacture two basic types of point. 
contact transistors, ono with wide spacing, high-resistivity germanium 
and high a at medium frequencies, and a Pecond type with low-resistivity 
germanium and small contact. spacing with a high cut-off frequency. 
A point-contact transistor lias a much higher noise figure (ratio of 

equivalent input noise to thermal noise in the input circuit) than has a 
normal valve amplifier; a typical value is 50 db, and this is independent 
of the operating point on the characteristic. The distribution of this 
noise with frequency is fundamentally different from that of thermal noise.. 
and the noise content of a band 1 Oa wide varies inversely as the 
frequency to a first approximation. For this reason, it is obvious that 
the noise figure will be a function of frequency and band-width, and the 
50 db figure quoted above is measured at 1,000 e /a with a band-width of 
I cis, this method having been adopted as a provisional standard for 
transistors. The source of this noiso is still unexplained theoretically, 
a id active research proceeding at present might well call for a different 
st indard once the origin of the noise is understood. 

Junction Transistors 

ALoyed Junction Transistors 
One of the earliest forms of point-contact transistor to be made was 

formed by etching two pits on opposite sides of a thin wafer of ger-
manium, and bringing two whiskers into contact. In a modified 
version this form gave the earliest, and still most common, type of 
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junction transistor. The general construction is illustrated in Fig 4 
A th'-i wafer of single-crystal semi-conductor is soldered to a metal 
tab to give a low-impedance connection. Two small circular dots" 
of an appropriate impurity material are placed exactly opposite to 
one another and made to wet the surface over a circular area by applica-
tion of heat. The heat is continued until they have alloyed into the 
wafer and the two resulting junctions are parallel and only about 
10-20 it apart (1 g is a thousandth part of a millimetre). The collector 
is made about twice the diameter of the emitter to give maximum 
current gain. For high-frequency working, the diameters aro made as 
small as possible. High-power versions are very difficult to manufacture 
because the impurity has a different coefficient of thermal expansion 
from the semi-conductor, and, if the area of junction is made too large, 
fracture occurs, giving a discontinuity which ruins performance. 
Alloying occurs at differing rates along the different directions of the 
crystal growth, and the wafers are cut with the direction of quickest 
penetration perpendicular to the major plain to ensure that the two 
junctions are parallel and approach within a minimum distance of each 
other to give maximum frequency response. The cheapest available 
form of junction transistor is of this type, constructed with a germanium 
wafer. Its output is only a few milliwatts, and it will operate up to a 
few hundred kilocycles per second only. Versions with a silicon wafer 
are also available. These give higher output powers, and will work at 
higher temperatures. A specially constructed version in germanium 
will operate at up to 10 >leis as an amplifier and higher as an oscil-
lator. 

Surface Barrier Transistors 

The major causes of the frequency limitation of the alloyed junction 
transistor are the irregularity of the junction face and the irregularity 
of the rate of alloying, which limits the minimum distance which can 
be obtained between the two junctions. This is overcome in the surface-
barrier type of unit. The surface-barrier transistor ib very similar in 
construction to the alloyed-junction typo, the difference being in the 
method of forming the junctions. In the surface-barrier type a thin 
wafer of high-resistivity doped semi-conductor has two circular pits 
etched by a special electrolytic jet process in the- positions where the 
junctions will be, and this etching is continued until the thickness of the 
material between the two is only 2-6 g. The etching current is then 
reversed to plate a suitable impurity material on to the two faces, and 
finally connection is made to them. Constructed from n-type ger-
manium, with emitter diameter about 50 g and collector about 100 g, 
this device will operate up to about 100 Mc/e, but gives only very low 
power, about 10 mil% Constructed out of silicon, and with the im-
purities lightly alloyed into the surface to give a spacing of about 7 g, 
it is possible to operate up to about 200 31c/s. The theoretical analysis 
of this type is slightly different from that of the normal alloyed junction 
due to the extreme thinness id the material between the junctions and 
to the special nature of the impurity semi-conductor interface, but the 
general characteristics are simile except for the much higher cut-off 
frequency. 
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Diffused Junction Transistors 

The desire for large area junctions led to the development of diffusion 
techniques for forming the junctions. It was span realized that the 
extreme thinness of the layers which could be Obtained in this way 
gave an even greater advantage, and many of the latest forms of device 
utilize diffusion. The principle is simple; the semi-conductor is exposed 
at a high temperature to an atmosphere containing a concentration 
of a suitable impurity material which is allowed to diffuse into the 
surface to the desired depth. The depth is controlled by time and tem-
perature, while the penetration is kept even by cutting the wafer with 
the direction of quickest diffusion normal to the plain of the desired 
junction. The type of junction is normally specified by naming the 
successive types of impurity, proceeding from emitter through base to 
collector. Those which have been described up to now have been either 
nyn or pnp types, the most common germanium ones being of the pnp 
variety and the most common silicon ones being npn types, although 
the others are available if required for special purposes. 
The diffusion technique has made possible a further type in which a 

fourth layer of near-intrinsic semi-conductor is interposed between 
the base and collector, giving a pnip type with considerable advantages. 
The construction of this type is shown in Fig. 5. A recess is etched into 
a thin wafer of semi-conductor. to leave a wall thickness of about 25 g. 
The semi-conductor is as free from impurity as commercially producible, 
the remaining traces being balanced to give intrinsic characteristics 
tending very slightly towards the n type. A layer of n-type impurity 
is diffused into one face (for practical reasons the diffusing is usually 
done before etching the recess) to a depth of about 2.5 s. , A p-type 
emitter junction is then alloyed into this layer to leave a gap of less than 
1 s between the junction and the interface between the intrinsic and 
n-type materials. A low-resistance connection is made to the layer 
for the base connection, and a further (and larger) p-type collector • 
junction is made opposite the emitter. The diffused layer is made to 
have low resistivity, so that there is a much greater field in the intrinsic 
material and the velocity of the carriers is great in the comparatively 
large gap. The major tune of passage is thus in the n material, where 
the gip is less than 1 g. This construction gives an upper operating 
frequency above 100 Mc/s and a power output up to about 100 mW. 
The Bell laboratories have constructed a pnip type, in silicon, with both 
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emitter and base diffused. This will deliver 5 watts of power at 10 Mc/s, 
and will give 1 watt at 100 Mcis when operating as an oscillator. 

" Drift" and " Mesa" Types 

A second type in which the diffusion and alloying techniques are 
combined is illustrated in Fig. 6. This type can have an upper fre-
quency above 1,000 Mcis—the highest frequency unit yet made. The 
wafer is of low-resistivity p-type material about 0-8 ohm-cm. value, 
and the n-type layer is made by diffusing arsenic into the wafer to a 
depth of a little under 1 z. The emitter is formed by alloying a dot of 
aluminium, and the base by alloying a similar dot of gold-antimony 
alloy. This type has been called a " drift "-type transistor, and a 
somewhat similar design, called a " mesa " type, has also been made. 
This has a similar frequency range, and in this the emitter is a narrow 
strip, the base consisting of two strips of equal width on either side, 
spaced from the emitter by half the width of the strips. The major 
obstacle to extending this latter design to frequencies above 1,000 Mcis 
using germanium material is the difficulty Of processing wafers suf-
ficiently small to keep down transit time to a fraction of the periodic 
time. 
A further type in which a double-diffusion technique is used is illus-

trated in Fig. 7. An n-type silicon wafer is exposed to an atmosphere 
containing both aluminium and antimony at a temperature which causes 
both to diffuse inwards. The p impurity diffuses at a faster rate than 
the n, giving rise to an outer layer of n which is separated from the 
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original silicon by a continuous layer of p material. The player is made 
about 2-3 ta thick, and contact is established by alloying a dot of alu-
minium straight through the n and partly into the p layer. In opera-
tion, the n layer is so biased that the junction with the electrode is a 
rectifier in the non-conducting condition. A tungsten wire plated 
with gold-antimony alloy is pulse-welded on to the n layer, and a 
second tungsten wire is used to contact the aluminium base electrode. 
This unit is capable of giving 400 mW output up to a frequency of 
200 Mc/s. At present it is in development production only. 
Note that in Figs. 6 and 7 the rectangular wafer is ground away at the 

edges adjacent to the electrodes. This is done because the diffusion 
techniques necessitate the diffusion of the impurities over the whole 
surface area of the wafer. By subsequently grinding the edges as shown 
the useful area of diffusion is Peparated from the remainder, which is not 
shown in the diagrams. 

Junction Power Transistors 

To deliver a power of several watts to a load, the area of the junction 
must be increased so that the current density can be reduced to a reason-
able value. Despite this increase of area—and.consequent decrease of 
maximum working frequency—the absolute value of the waste energy 
dissipated in the semi-conductor wafer presents a difficult problem. 
As the wafer is so small, the dissipation of a watt or more would raise 
the temperature well above the safe maximum if normal constructional 
techniques were used. The solution which has been adopted is to bond 
the semi-conductor on to a block of metal, such as copper, having high 
thermal conductivity, and then to bolt the metal firmly to the metal 
chassis of the equipment. In this way the thermal energy is conducted 
away from the device. Since the wafer is bonded to the metal, the metal 
itself is one of the transistor electrodes: where this electrode must be 
insulated from the chassis, a very thin sheet of mica, which has a 
reasonably high thermal conductivity, is interposed between the block 
and the chassis. The principle of one form of these devices is shown in 
Fig. 8. In this, a wafer of n material has a p layer diffused in all over. 
This forms the collector, which is ground off on one face to allow a p 
material to be alloyed in to form the emitter, and a ring of n material to 
be alloyed in to form the base connection. The diffus, I layer is soldered 
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to the metal base-plate with a solder containing a p-type impurity to 
make a connection of low impedance, both electrically and thermally. 

Triode Characteristics 

The characteristics of a junction-type triode transistor such as thcise 
already described differ somewhat from those for the point-contact 
type. The junction is simpler than the welded point of the whisker 
contact, and the current gain for the grounded-base connection is usually 
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less than unity, allow- 140° 
ing the grounded omit- cc° 
ter circuit to be used < 12e 
with stability. The uó 
general form of charac- IocP 
teristics is similar for w 
all types of junction a se 
triode, but differs con-
siderably in the magni- • 60° 
tude of the parameters. 
Those of a typical au- < • 40° 
dio-frequency, alloyed-
j unction germanium u) 2e 
transistor are shown in < 
Fig. 9, for the grounded- if. (2) 
emitter connection in 
which they are most 
frequently used. The 
noise figure of a junction transistor is considerably lower than that of 
ti point-contact type, of the order of 10 dB, or even lower. 
The junction-type transistor is more susceptible to exact mathe-

matical prediction of characteristics than is the point-contact type, 
because the geometry of the active elements is more exactly known and 
controlled, as are also the electrical characteristics of the materials. 
When the mathematical processes of quantum physics cannot be 
followed, however, the following crude and imperfect picture may aid in 
understanding the mode of operation. When a junction is biased in the 
reverse direction, as between the base and collector of a transistor, the 
reverse current will not increase indefinitely as the reverse voltage is 
increased, but will rapidly increase to a saturation value and thereafter 
remain constant as the voltage increases. The transistor is operated 
at a voltage well above that at which saturation occurs, and the current is 
a function of the free-charge density in the base material, being limited 
because all available charges are engaged in carrying it. As emitter 
current is increased, however, this repreitents a current flow in the 
forward direction across the other junction, which increases the free-
charge density in the base in the neighbourhood of the emitter junction. 
If the two junctions are so near to one another that the increase of 
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charge density near the emitter represents also an increase in the 
neighbourhond of the collector, it is obvious that the collector current 
will increase in consequence. In practical transistors the width of base 
between the two junctions is made so small that the .two densities are 
almost identical, and current gain is almost unity. 
When the transistor is used in the grounded-emitter circuit, the phase 

of the current-amplification factor is of importance as well as the 
magnitude, a lagging phase angle causing a serious fall in gain from the 
stage at a frequency, where the magnitude is still fairly high. A care-
fully constructed transistor will.exhibit a variation closely following the 
theoretical performance which is illustrated in Fig. 10, where it will be 
seen that the phase anglo varies appreciably at a frequency well below 
the cut-off value. 
The characteristics vary with the temperature of operation. The 

maximum temperature at which a silicon unit may be used is usually 
limited by the methods of construction (melting point of solder, etc.); 
that at which germanium units may be used by deterioration of the 
junctions, which occurs around the neighbourhood of 100° C. The re-
sistance of the semi-conducting materials falls with rising temperature, 
and the standing current rises. The variation of the current gain 
depends upon the junction characteristics, the variation for two ger-
manium units being shown in Fig. 11. That with a low-resistivity 
collector is typical of an alloyed-junction construction, and that with a 
high-resistivity collector typical of the grown-junction construction. 

Grown-junction Transistors • 
The earliest form of germanium junction transistors was obtained by 

growing the junctions in the single crystal. The ease of alloying junc-
tions soon caused this type to fall out of favour. The difficulty, how-
ever, in the case of silicon of alloying junctions which will have ansrea 
permitting large power dissipation has made the grown-junction the 
favoured construction for this latter material. A single crystal of 
semi-conductor is slowly grown from a reservoir, into which the appro-
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priate impurities are introduced during the growing, to yield a thin 
layer (about 10 ea. or less) of either n or p type sandwiched between thick 
layers of the opposite•impurity type. The composite crystal is then cut 
into a number of blocks which are ground or etched to reducé the area 
of the junction, as shown in Fig. 12, and three leads are attached to form 
a transistor. As it is impossible to confine the base connection entirely 
to the width of the layer, it is allowed to overlap slightly on the collector 
side, where the electrical bias will be such as to give a non-conducting 
junction. In some cases the junctions are grown by varying the rate of 
withdrawal from a reservoir containing both n and p impurities, the 
type of material depending upon the rate. This method allows alternate 
layers to be grown along a long crystal. Operation up to about 10 
Mcis may be obtained. 

Grinding away the body to reduce the area (and hence the self-
capacitance) of the junction gives a worth-while increase in maximum 
usable frequencï. Where still higher-frequency working is required, 
the " effective' area of junction may be reduced to much smaller 
dimensions by joining two leads to opposite sides of the base layer and 
passing a transverse current through the base to so bias it that only a 
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narrow strip adjacent to one of the leads is conducting. This raises 
the frequency both by reduction of effective capacitance and by re-
duction of base resistivity. In Fig. 13 this construction is shown 
diagrammatically; for clearness, the grinding away of the bar is not 
shown although it is employed in the actual device. The manner in 
which the parameters vary with the transverse base-current, and the 
current gain varies with frequency, is shown in Fig. 14. Because of the 
fourth lead, this type is often called a" junction tetrode ", and operation 
up to 100 Mcis is possible. 
For uses where a current gain greatly in excess of unity (typical of a 

point-contact transistor) is required, this can be obtained in a single 
unit by growing two thin, closely adjacent layers, instead of one, thus 
giving an additional block of n-type material on the collector end of a 
prep type, as shown in Fig. 15, resulting in three symmetrical junctions 
in the centre of the block. The centre junction is the reversed biased 
oollector junction as before, the left-hand junction is the forward-biased 



TRANSISTORS 26-17 

BASE 

EMITTER 
Fla. 15 (right).—TYPICAL 
CONSTIWC;IION OF papa 
JUNCTION TRANBISTOR. 

FEQ131:1.117.11LE5 (Na.r) CM(beckUlwT).0—F p TYPE n TYPE 

;mpn JUNCTION TRAI.IS-
ISTOIt. 

oc t 
1_042 lei 

p TYPE n TYPE 

COLLECTOR 

emitter junction and 
the new right-hand 
junction (called a pn 
hook) is also biased in 
a forward direction to 

EMITTER re, Tcre COLLECTOR form a second emit-
ter. If the current 
gain of the original 
emitter is called œi 
and that of the new 
hook is called a, then 
the equivalent circuit 
may be drawn as 
shown in the figure. 

iince the value of a2 may be made near to unity, it is obvious that very 
high equivalent current-amplification factors of .the order of 10-100 may 
be obtained. As a crude qualitative picture of the mechanism, the posi-
tive holes injected from emitter to base pass through into the second p 
region, biasing the hook so that it conducts in the forward direction; 
thus the complete unit is seen to be equivalent to two triodes in series 
with direct coupling " built in ", and such transistors have been simu-
lated in the laboratory by suitably connecting a pnp and an npn tran-
sistor. 
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Comparison of Junctions 

The different forms of junction described differ in the ease with which 
they may be constructed, but more important than this is the variation 
of electrical characteristic due to the differing distribution of impurity 
level along the direction of current flow. • An excellent example of this 
is seen in the case of the pnip transistor, where the abrupt change of 
resistivity allows 'a high working frequency despite comparatively 
large physical dimensions. In general, a grown junction exhibits a 
gradual change in type from n to p, or vice versa, as the added impurity 
slowly diffuses through the reservoir and affects the growing crystal. 
The alloyed junction, on the other hand, shows a more sudden step, the 
transition from one type to the other being almost discontinuous. The 
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diffused junction oCcupies a position intermediate between these two, 
depending upon the process used in construction. The gradual transi-
tion of the grow!' junction is best for the collector, because of the lower 
effective self-capacitance, but the sudden transition of the alloyed type is 
the best for an emitter because of the greater efficiency obtainable with 
it. An additional advantage of the alloyed type is the lower value of 
resistivity obtained in emitter and base electrodes. 

Unipolar Transistors 

A new mode of operation is found in the " unipolar " transistor, in 
which high gain at very high frequencies is possible once the extreme 
difficulties of fabrication have been overcome. Although only in the 
initjal stages of investigation at present, this unit, which should be 
capable of giving considerable gain at frequencies of several hundreds of 
megacycles per second, will probably become one of the most important 
types in the future. The constructional principles are illustrated in 
Fig. 16, from which it will be seen that the form and operation aro 
fundamentally different from any type described as yet. A block of 
high-resistivity p-type semi-conductor is faced on two opposite sides, 
with a layer of low-resistivity n type formed by diffusion, and two strips 
of low-resistivity p-type material are alloyed across the ends. A second 
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form of this type may be made from a block of n-type semi-conductor as 
shown. The pn junctions formed between the layers and the block are 
biased in the reverse direction, which results in a region in the block 
adjacent to the junctions in which the carrier concentration is negligible. 
As a result of this denudation of charges, the longitudinal current between 
the two end electrodes in constrained to flow along a limited cross-
section in the centre of the block where free charges are still available. 
As the reverse junction voltage is made larger, the charge-free layer 
widens and the area capable of conduction becomes smaller. The 
potential drop 8 V along the block which causes the longitudinal current 
flow will also cause the reverse potential across the junction to vary by 
this amount along the length of the block, thus causing the charge-free 
volume to vary in width and form a wedge-shaped conducting volume. 
When the junction voltage is increased, there will be a critical value V. 
at which the wedge will just close at the narrowest end. In Fig. 17 
the static characteristics of this type are shown, together with a dotted 
curve indicating the condition of critical bias at which the maximum 
junction voltage just succeeds in closing the conduction gap at one end. 
It will be seen that if the source is made earthy, and the signal applied 
to the gate, an amplified output .nay be obtained from the drain. Once 
the technique of manufacturing these units sufficiently small has been 
mastered, it should be possible to obtain considerable gain at a frequency 
of well over 100 Mo/s, and the upper limit depends upon the limiting 
size of unit possible. 

The Junction " Pieldistor" 

A further forrn of transistor which differs fundamentally from the 
normal junction triode, but which is of academic more than of practical 
interest, is the " fieldistor ". This is very easy to construct, hut usable 
only over a very limited frequency range. It is illustrated in Fig. 18. 
A block of germanium half n type and half p, is surrounded near the 
junction by a metallic electrode spaced away from the block, and hence 
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insulated from it. The j'unction is biased in the reverse direction, and 
variation of potential difference between the junction and the gate will 
cause variation of charge density along the edges of the junction, and 
hence variation of reverse current through it. In Fig 19 the effect of 
varying the position of the gate is shown. Variation along the axis of 
the block will cause departure from symmetry as the gate becomes 
asymmetrical with the junction, while increase of spacing between gate 
and block will result in a fall of effective transconductance. The 
variation of transconductance with frequency is also illustrated in the 
figure. The gap between the. two may bo artificially reduced by 
immersion of the unit in a polar dielectric, thus increasing the 
capacitance between gate and block. Such transistors may be con - 
structed with an input impedance of several megohms in parallel with 
several picofarads, and an output impedance of several thousands of 
ohms; the transconductance at a frequency of 10 cis may be as high as 
1 mA/volt, but this will have fallen by 40 dB at 100 kels: the noise 
figure is in the region of 70 dB. The very limited frequency range will 
seriously restrict the future uses of this type. 

The Grain-boundary Transistor 

The grain-boundary transistor represents a completely new principle, 
which has recently been proposed to overcome the troublesome variation 
of transistor characteristics with varying ambient temperature. A few 
units have been constructed in the laboratory, and these prove that the 
principle can be translated into a practical device. The advantages 
are such that this type would appear to have a very favourable future, 
although it may be several years before they are commercially available. 
The performance is independent of temperature to the extent that good 
operation can be obtained from 100° C. down to 2° K.: for the first 
time a device is possible which could operate at the extreme temperatures 
of outer space. 
A special type of crystal structure is used, as shown in Fig. 20. 

Instead of a single crystal of semi-conductor being grown from a care-
fully orientated seed of homogeneous material, the crystal is grown from 
a composite seed such that the" 100 " crystal plane is identical through-
ont the material, but the" 100 " planes are tilted relative to one another 
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GRAIN BOUNDARY LEADS ALLOYED IN 
ALONG BOUNDARY 
WITH «re IMPURITY 

"n" TYPE 
SEMI-CONDUCTOR 

(a) 

LEADS ALLOYED 
INTO PLANE FACES 
WITH "n" IMPURITY 

(b) 
Fie. 21.—(a) GRAIN-BOUNDARY TRANSISTOR; (b) CIRCUIT OF 

GRAIN-BOUNDARY TRANSISTOR. 

in the two halves of the block, thus forming a " grain-boundary " plane 
surface of infinitely small thickness throughout the block. 
The first form of device constructed from such a block is shown in 

Fig. 21. Two strips of conductor are soldered to the plane faces of the 
n-type block with an n-type impurity, and two strips of p-type impurity 
are alloyed along the opposite faces of the grain boundary. These 
strips,.along the grain boundary are so biased, relative to the others, 
that they form a high-impedance, reverse-biased junction to the n 
material on either side of the boundary, but they serve to pass a trans-
verse current. io through the grain boundary and load Ri as a result of 
potential Vo. If an A.C. potential is superimposed onrthe junction be-
tween n material and the grain boundary (see circuit, Fig. 21 (b)) the effec-
tive electrical conductivity of the grain boundary is altered, and the 
circuit j0 is modulated. Typical characteristics of the device are shown 
in Fig. 22. A mutual conductance of more than 3.mA/V has already 
been achieved. Since the input is a reverse-biased junction, the input 

FIG. 22.—CHARAC-
TERISTICS OF GRAIN-
BOT.;NDARY TRANSIS-

TOR. 
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impedance is high and the amplification considerable. The conduc-
tivity of the grain boundary is independent of ambient temperature, 
and it is this feature that makes the device so attractive. It is too-early 
yet to know what the noise and frequency characteristics of the de-
veloped device will be like. 

Transistors as Circuit Moments 

An equivalent " T " circuit for a transistor considered as a three. 
terminal active network has already been given, and will be found 
useful in the design of transistor circuits. Unfortunately, the values of 
the parameters become frequency dependent at the higher values of 
frequency, and it is this variation which will be considered very briefly 
here. The most serious éhange is that of the current gain factor a, 
and for the junction-type transistor this may be shown on theoretical 
grounds to approximate to the form: 

a= lseal L— N.1 
b 

where W -- width of base region; 
.= lifetime of minority carriers in base region; 

Li = diffusion length of minority carriers in base. 

A further series of approximations allows the effect of the complex 
current-gain factor to be drawn as an additional network attached to 
the low-frequency equivalent as shown in Fig. 20. This approximation 
is of great value for the transient analysis of transistor circuits. 
The only effective capacitance which need be included is that of the 

collector C. as shown shunted across r., while the variation in magnitude 
of a is accounted for by a second resistance and capacitance R and C. 
The difference of phase between this RC circuit and the actual value of a 
is accounted for by a time-delay network having zero attenuation. 
The time constant of R and C is that of the cut-oft frequency as shown in 
the figure. In present types of alloyed junction transistors the time-

RC = 

CX 

2 7T fc 

— Ticd 
o 

+ j 
Lu c 

T = DELAY TIME 

FIG. 23.—APPROXIMATE EQUIVALENT CIRCUIT FOR TRANSIENT ANALYSIS 
or JUNCTION TRANSISTORS. 
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constant re, tends to be greater than RC, and the delay time r lies 
between the two in value. 

SEMI-CONDUCTING MATERIALS 

The two materials in common use today are germanium and silicon, 
both of which have advantages and disadvantages, so that choice of 
material is always a compromise depending upon which characteristics 
are of most importance in the desired unit. Germanium is easily pro-
cessed, which means that good life-time is readily obtainable, but the 
energy-gap is so low that the maximum temperature of operation is 
unduly restricted. Silicon has a much higher energy gap, allowing 
operation up to 200° C., but mobility and processing difficulties make it 
much more difficult to obtain a suitably long life-time of minority 
carriers. Alloys of these two have been tried, but no great advantages 
are found. The alloy of silicon with the other group 4 material, carbon, 
however, offers the possibility of operation up to very high temperatures 
(approaching 1,000° C.), and a serious attempt is being made to process 
silicon carbide to give transistors suitable for control functions in 
space vehicles. 
A very promising field of enquiry lies in the use of stoichiometric 

alloys of group 3 and 5 materials, and considerable success has already 
been obtained in the preparation of a number of these. The principle 
characteristics of these materials are listed in Table 1, the values not 
shown being (at the moment) known only very approximately. A 
further field which is being explored, but without so much success, is 
that of alloys containing not only groups 3 and 5, but also groups 2 and 
6, and as the importance of semi-conductors warrants ever-greater suma 
spent in research a considerable extension of characteristics should 
become available through the use of such materials. 

R. T. Lo. 

TABLE I.—CHARACTERISTICS OF SOME STOICHIOMETBIC ALLOYS 

Material Phosphorus Arsenic Antimony Characteristic 

Aluminium — — 1,080 Melting point 
3.0 
— 

2.16 
— 

1.60 
100 

Energy gap 
e mobility 

— — 200 p mobility 

Gallium 1,340 1,240 720 Melting point 
2.25 
— 

1.35 
4,600 

0-67 
4,000 

Energy gap 
e mobility 

— 300 800 p mobility 

Indium 1,070 936 523 Melting point 
1.25 
3,400 

0.33 
2,800 

0.17 
70,000 

Energy gap 
e mobility 

650 — 800 p mobility 
' 
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TRANSISTOR CIRCUITRY 

Most of the applications where transistors are already established or 
envisaged in the near future are ones where thermionic valves were 
previously employed, and there is a certain basic similarity in the circuit 
arrangements. There are, however, a number of important differences 
in detail which are best -understood by comparing and contrasting the 
characteristics of valves and transistors. 

In a thermionic valve the anode current is controlled by variation of 
the potential of the control grid. Although in certain circumstances this 
electrode may draw current, this does not contribute to the fundamental 
action of the device and, in most cases, merely has a nuisance value. 
In the case of the transistor, control of the collector current is brought 
about by variations of the current in the emitter-base path, and its 
flow is fundamental to the operation of the device. This is the most 
significant difference between valves and transistors as far as circuitry 
is concerned; and the need for current in the control circuit of transis-
tors must always be recognized when devising amplifiers or oscillators 
around them. 

Common-base Operation 
One method of operating a transistor is the common-base arrange-

ment, that is, with the signal fed in between emitter and base, and taken 
out between collector and base. The characteristic curves relating to 
this form of operation are given in Fig. 24 (a). They are for a pnp junc-
tion type, and the type of circuit in which the measurements may be 
taken is shown in Fig. 24 (b). The variation of collector current with 
collector voltage is shown for a number of different values of emitter 
current. The basic similarity to the anode characteristics of a thermio-
nic pentode is apparent. 
The curves show that the collector impedance is very high (typically 

above a megohm) and that the collector current changes by 0.975 mA 
for each change of 1.0 mA in the emitter current. A load line of 
approximately 2,500 ohms is shown drawn through an operating point 
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of collector current 3.9 mA, collector voltage 10.0 volts. This point 
is reached by supplying a current bias to the ern;tter of 4.0 mA. A sine-
wave current of peak value 4.0 mA supplied to he emitter will cause a 
similar current in the collector load of peak value 3.9 mA and peak 
voltage 11.0. There is nothing in the curves to show that amplification 
has taken place, because there is no indication of the voltage required 
to produce the emitter current. The input impedance of a common-
base junction transistor is typically about «25 ohms, so the voltage 
required is about 100 mV peak, and in this case the power gain is 
approximately 150 times (22 db). 

In this calculation there has been a simplification in giving the input 
impedance as 25 ohms. In fact, it is highly dependent on the emitter 
current, and it also varies according to the•value of collector load. This 
variation of input impedance with emitter current can cause serious 
_distortion when handling large signals, and will be dealt with latet when 
considering practical circuits. 

Common Emitter Operation 

Common-base operation of junction transistors is relatively infre-
quent, and has bL3n mentioned mainly as an introduction to the more 
usual common emitter operation. In this arrangement the signal is 
fed in between the base and emitter and taken out between the collector 
and emitter. 

Reference to Fig. 24 (b) shows that both emitter and collector cur-
rents flow in thé base lead of the transistor, but their directions are oppo-
site, so the net current is their numerical difference. For nstance, 
when the emitter current is ri mA the collector current is 1-95 mA, so 
that the base current is ci•q5 inA (50 µA), and when the emitter current 
changes to 3 mA the collector current becomes 2.925 mA and the base 
current is 0.075 mA (75 µA). A variation of base current of 25 µA there-
fore corresponds to a change in collector current of 0.975 mA.. This 
is the relationship which is important when the base is used as the input 
electrode, and it tej therefore usual to plot this in separate curves instead 
of deriving it from those in Fig. 24 ( b). 
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Fig. 25 (a) gives common emitter curves for a pnp transistor, and Fig. 
25 (6) shows the type of circuit which may be used to obtain them. 
As compared with common-base operation, the collector impedance 

is lower (50,000 ohms is typical), the input impedance is higher (500-
1,000 ohms is typical) and there is a considerable current gain between 
input and output (40-is typical). The overall effect with correct match-
ing is higher stage zain (35 db typical). 

Common Collector Operation 

A third circuit configuration is possible where the signal is fed in 
between base and collector, and taken out between emitter and collector. 
This is referred to as common-collector operation, and corresponds 
loosely to the thei nionic-valve cathode-follower circuit. It gives less 
gain than either o the two other arrangements ( 12 db typical), but can 
be made to have igh input resistance and low output resistance, so 
that it is useful fp matching purposes. 

Circuits for Point-contact Transistors 
The point-contact transistor is usually confined to common-base cir-

cuits, and curves illustrating this operation are given in Fig. 26. Apart 
from the curves being less perfect than those of the junction type in 
the shape of the knee and the magnitude of the cut-off current (that is, 
the collector current for zero emitter current), there is a very important 
difference, in that a change in emitter current of 1 mA results in a 
change in collector current of several milliamperes. At first sight this 
might suggest that the point-contact transistor would give higher gain 
than the junction type, but due to its higher input resistance ( 250 ohms 
typical) and its lower output resistance (20,000 ohms typical), the gain 
is limited to about 20 db, in spite of this current gain. The true im-
portance of the current gain being greater than unity is that any 
resistance in the base circuit gives positive feedback from collector to 
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emitter circuit. This results in base-input circuits being inherently 
unstable, and accounts for the infrequent use of the common emitter 
and common collector configurations. It also renders possible some 
interesting oscillator circuits, both of the sine-wave and relaxation 
types. Finally, it means that even with emitter input (common-base 
operation) care must be taken to avoid instability when resistance is 
present in the base lead, and there is always some due to the resistance 
of the germanium itself, even when none has been deliberately intro-
duced for such reasons as provision of bias. 

Bias and Power Supplies 

The provision of power supplies for transistors presents some points 
of difference in comparison with valves. In the first place, of course, 
no heater or filament power is required. Secondly, the H.T. supply 
rarely exceeds 20 volts, and may be either positive or negative, according 
to the type of transistor used; point-contact and pnp types requiring 
a negative collector polarity, whilst npn types require positive. Finally, 
the bias for the control electrode is current rather than voltage, and its 
direction depends on the type of transistor and the circuit configuration 
used. Thus in common-base circuits point-contact and pnp transistors 
require positive current bias to establish an operating point suitable 
for amplification, whilst npn types require negative current bias. When 
the base is the input electrode the polarities listed above are reversed. 
A typical bias circuit for a point-contact or pnp grounded-base 

amplifying stage is shown in Fig. 27 (a). A separate bias battery is 
used and the bias current is determined by the battery voltage divided 
by the sum of the input resistance of the transistor and the feed resist-
ance R. The secondary winding of the transformer feeding the signal 
to the emitter has its lower end decoupled to earth by a capacitor, 
which should, at the lowest operating frequency, have a low impedance 
compared to the input impedance of the transistor. A 32-µF electrolytic 
of low working voltage is typical for audio-frequency work, 0-005 
for intermediate-frequency and radio-frequency. 
In the case of the point-contact transistor, where the collector current 

is greater than the emitter current, it is possible to obtain bias without 
aseparate supply by a resistance in the base lead, in a manner somewhat 
similar to cathode bias in a thermionic valve. This arrangement is 
not to be recommended, because of the positive feedback previously 
mentioned; it may be reduced for A.C. by shunt capacitance, but D.C. 
feedback remains, which may cause the transistor to trigger to a high 
value of current and destroy itself. 

Bias Circuits for pnp Transistors 

The usual bias arrangement for a pnp transistor with common 
emitter connection is shown in Fig. 27 (6). Here the negatrve current 
is derived from the negative H.T. line through the resistor, and the 
capacitor prevents its passage direct to earth through the transformer 
winding. Here again the value of capacitance should be chosen to 
give an impedance which is low compared to that of the input of the 
transistor. Changes in the transistor characteristics due to temperature 
changes will result in the operating point shifting with the simple circuit 
just described, and elaborations are desirable to give greater stability. 
One method is to add resistance in the emitter lead, shunting it by a 
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(a) 
Ma. 27 (above).—(a) BIAS 
CIRCUIT FOR COMMON BASE 
CONNECTET1 TRANSISTOR. 
(b) BIAS CIRCUIT FOR COM-
MON EMITTER CONNECTED 

TRANSISTOR. 

FIG. 28 (rig/10.—JUN MON 
TRANSISTOR WITH STABIL-

IZED BIAS CURRENT. 

(b) 

capacitor to prevent reduction of gain. This is quite effective, but there 
is some sacrifice of output power due to the voltage drop in the resistor. 
Further stabilization at the expense of additional current drain is given 
by an additional resistance between base and earth. The combined 
arrangement is shown in Fig. 28, which enables a sufficient degree of 
stabilization to be obtained for any practical purpose by a suitable 
choice of values. To give good stability without undue sacrifice of 
power, circuits may be devised using temperature-sensitive resistors in 
the bias network. 
For the sake of simplicity the circtiits which follow will not in general 

incorporate bias stabilization, but its use is advisable in any apparatus 
which must work over a large range of ambient temperatures: even 
domestic equipment such as a personal radio receiver may meet ex-
tremes, corresponding to an unheated bedroom in winter and a beach 
in blazing sun. Some industrial and Services equipments, of course, 
have to operate in much wider extremes than this, so that different 
values would be necessary in each of these cases. 

Radio-frequency and Intermediate-frequency Amplification 

When transistors aro used in radio-frequency or intermediate 
frequency amplifying stages the inter-stage couplings differ somewhat 
from those in common use with valves, mainly because of tho low input 
:mpodance of transistors. Because the transistor is a current-operated 
device there aro good arguments for connecting its input circuit in 
series with the tuned circuit; however, there are drawbacks to this 
procedure, and tho most common practice at present is to match to the 
low emitter impedance by means of a step-down transformer with an 
u'tuned winding. Fig. 29 (a) shows two point-contact transistors in 
radio-frequency amplifier and detector stages. The aerial is coupled 
to the tuned winding in the usual way, and the emitter is fed from an 
untuned winding closely coupled to the tuned winding and giving u 
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step-down ratio of about 5-l. Bias of about 0.5 mA is provided through 
3-3kû and a path to earth for the radio-frequency currents is com-
pleted through C. 
The collector presents too low an impedance for direct connection 

across the tuned circuit, and a coupling winding is shown. As an • 
alternative it could be connected to a tap on the tuned circuit. The 
detector gives rectification because in its unbiased condition it can only 
respond to the positive excursions of the signal current. It is coupled 
to the tuned circuit by a step-down untuned winding similar to that 
used in the radio-frequency stage. • In its collector, radio-frequency 
filtering is given by RFC and C2, and coupling to the next stage 
provided by the audio-frequency transformer. R2 and C2 are for 
audio-frequency decoupling and, apart from this, R2 is necessary to 
avoid any danger of triggering which might otherwise occur in the 
absence of a limiter in the emitter circuit. In the radio-frequency stage 
this point is looked after by the inclusion of 3-3kû in the emitter path. 
Point-contact types are shown in this circuit becausê, for the time being. 
they provide the only ready method of achieving radio-frequency gain. 
Wh-en radio-frequency junction types become readily available their 
use will be preferable, since they give higher gain and lower noise. 
The arrangement shown in Fig. 29 (b) is interesting for several reasons. 

The variable resistor in the baso lead gives positive feedback to the 
emitter circuit, and, by a suitable adjustment, the input impedance of 
the transistor may be reduced to zero so that this may be connected in 
series with the elements of the tuned circuit without introducing 
damping. An increase in the base resistance will make the input 
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impedance negative, so reducing the damping of the tuned circuit to 
the point of self-oscillation. Bias is provided through R, and the block-
ing capacitor is to prevent damage to the transistor in the event of a 
short-circuit in V. This type of circuit is valuable to the experimenter 
who wishes to obtain utmost sensitivity at the expense of critical 
adjustment. Its use should be restricted to receivers with very small 
frame or ferrite-rod aerials. 

Intermediate-frequency Amplification with Junction Transistors 
Some presently available junction transistors give reasonable per-

formance at intermediate frequency, and the circuit in Fig. 30 illustrates 
the usual arrangement to be adopted. It will bè seen that it follows 
closely the technique already shown for the point-contact radio-
frequency stage, with the bias supplies modified for common emitter 
operation. The value of the bias resistor should be chosen to make the 
collector current 1 mA. Its actual value depends on the current riin 
factor of the transistor and, assuming this to be in the neighbourifood 
of 40, a good starting point would be 0.8 Ma This figure is arrived 
at by taking the base current as being equal to the collector current 
divided by the current gain (this is approximately true over a large 
range of values), and to draw this current of 0.025 tn.& from the 20-volt 
H.T. line obviously requires R to be 800,000 ohms, the resistance of 
the transistor being low enough to be ignored. 
The collector, being of reasonably high impedance in the common 

emitter arrangement of a junction transistor, may be connected direct 
to the tuned circuit, provided that a low L-C ratio is used. With 
conventional L-C ratios a tap is desirable for the best combination of 
gain with selectivity. 

Audio-frequency Amplification 
The higher noise and lower gain of the point-contact type made their 

use in audio-frequency amplifying stages appropriate only whilst junc-
tion types were not readily available, and the latter type will therefore 
be the only ones to be considered here. In Class A arrangements the 
only configuration normally used is the common-emitter, one, but in 
Class B output stages all tluee of the possible connections may be 
suitable under various circumstances. 

Fig. 31 shows the detector of a small radio set, transformer coupled into 
an audio-frequency stage which, in its turn, is resistance-capacitance 
coupled into a small Class A output stage. The first transistor is work-
ing at low signal level, so that it need not be biased to a high current: 
a collector current of 0.5-1 mA gives a reasonable compromise between 
gain and economy. The second transistor, intended to operate a 
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Fm. 31.—CRYSTAL DETECTOR FOLLOWED BY A TWO.STAGE TRANSISTOR 
AUDIO-FREQUENCY AMPLIFIER. 

loudspeaker at low level, is biased to take 4.0 mA, giving—with an H.T. 
line of 15 volts—a collector dissipation of 60 mW and a power output 
approaching 30 mW. The correct load impedance for this stage is 
3,750 ohms, and is easily calculated by dividing the collector voltage by 
the collector current. 
Maximum gain is given by transformer inter-stage coupling, a current 

step-up being achieved by a turna step-down ratio. Another considera-
tion, however, makes the use of resistance-capacitance coupling prefer-
able. It has already been mentioned that the input impedance of a 
transistor is highly dependent on the emitter current: therefore, when 
a large signal is being handled, the impedance varies over a largo range 
with the swing of the signal. If the signal derives from a low-impedance 
source (a constant-voltage source), the current waveform will be dis-
torted in the emitter circuit, and so will the resulting current in the 
collector. If, on the other hand, the emitter is driven from a high-
impedance source (constant current) the current in the emitter circuit 
will scarcely be affected by variations in emitter impedance, and dis-
tortion due to this will be avoided. 

Class B Power-output Circuits 

For maximum power output with a given collector dissipation, Class 
B circuits, should be used: these have .the additional advantage of 
extreme economy. The transistor really comes into its own here, for 
whilst the valve Class B arrangement gives great economy in H.T.-
consumption, there is a constant L.T. drain whatever the strength of 
the signal. In the transistor arrangement, consumption is only ap-
preciable when a signal is being handled. The common-base circuit 
is capable of good linearity, hut, by the time it has been fed from 

high-impedance source to avoid the. typo of distortion referred to in 
tin previous section, the powor gain is very low, 80 that its use is not 
attractive, except where low distortion is Bp primo requirement. 
The common-emitter circuit also suffers !rem distortion due to emitter 

non-linearity, but, having a higher fundamental gain, there is still a 
useful measure remaining, even after taking tho precautions needed 
to reduce the distortion. Fig. 32 shows a Class B output stage capable 
of an output of 300 mW without exceeding tho 70-mW dissipation of 
the individual transistors used. Two steps have been taken to reduce 
the type of distortion mentioned above, which, in push-pull circuits, 
is sometimes referred to as cross-over distortion because it occurs when 
the signal is transferring from one transistor to the other. Tho first in 
the provision of a little bias so that the transistors are not completely 
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Fia. 32 (right).—Commoh 
EMITTER CLASS B OUTPUT 

CIRCUIT. 

Flo. 33 (left).—COMMON COLLECTOR 
CLASS B OUTPUT CIRCUIT. 

cut-off in the absence of a signal ; the other is the deliberate mismatch-
ing into the bases of the transistors to mask the variations in input 
impedance. 
There is also a further form of distortion which occurs in common-

emitter circuits due to the falling-off in the value of current gain at 
high values of emitter current. The only simple way of avoiding this 
is not to drive the transistor to high values of emitter current, which, 
of course, limits the power output that can be obtained. Negative 
feedback can be used to reduce the magnitude of this distortion, and the 
easiest way to achieve this is to use the common-collector configuration, 
which has inherent feedback. Such a circuit is illustrated in Fig. 33. 
The gain given is less than that of the grounded-emitter circuit, but the 
output for a given degree of distortion is higher. The same arrange-
menta for a little bias and an increased source resistance are made as in 
the previous circuit. One point worth noting in both these circuits is 
that the bias must be supplied from a low-resistance source, otherwise 
the rectifying action of the emitter disturbs the bias conditions. 

Oscillator Circuits 
With junction transistors, oscillator circuits bear a close resemblance 

to those used with thermionic valves; the emitter taking the place of 
the cathode, the base that of the grid and the collector that of the 
anode. Fig. 34 shows a typical arrangement. À transistor capable of 

FIG. 34.—JUNCTION TRANSISTOR OSCIL-
LATOR CIRCUIT. VALUES OP TUNING 
CAPACITANCE AND INDUCTANCE ARE 
CHOSEN TO SUIT THE FREQUENCY RE-

QUIRED. 
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+1.5V 

(b) 

(c) (d) 
FIG. 35.—(a) POINT-CONTACT TRANSISTOR OSCILLATOR WITH SERIES 
TUNED EMITTER CIRCUIT. (b) POINT-CONTACT TRANSISTOR OSCIL-
LATOR WITH SERIES TUNED COLLECTOR CIRCUIT. THE COLLECTOR 
RESISTANCE MAY BE REPLACED BY A RADIO-FREQUENCY CHORE. IN 
SOME CASES THE EMITTER RESISTANCE SHOULD BE BY-PASSED. 
(C) POINT-CONTACT TRANSISTOR OSCILLATOR WITH PARALLEL TUNED 
CIRCUIT IN THE BASE LEAD. IN SOME CASES THE EMITTER RESIST-
ANCE SHOULD BE BY-PASSED. (d) 'CRYSTAL CONTROLLED POINT. 

CONTACT TRANSISTOR OSCILLATOR 

intermediate-frequency amplification will oscillate readily at higher 
frequencies, and may be used as the oscillator in a super-heterodyne 
circuit for medium-wave operation. 

Point-contact transistors enable circuits of a different nature to be 
used for oscillators. If resistance is inserted in the base lead, the feed-
back so produced will cause oscillations to be sustained in a series-
tuned circuit in either emitter or collector. Alternatively, a parallel-
tuned circuit in the base causes feedback at its resonant frequency, and 
oscillation occurs. These three oscillators are illustrated in Fig. 35 a), 
(b) and (c). The addition of crystal control is possible, a satisfactory 
method being shown in Fig. 35 (d). This would operate with the tuned 
circuit replaced by a resistor, but the tuned circuit prevents oscillation 
at spurious frequencies. 

FIG. 36.—POINT-CONTACT 
TRANSISTOR USED AS A 
FREQUENCY CHANGER. 

SIGNAL 
FREQUENCY 



TRANSISTOR CIRCUITRY 26-35 

Frequency Changers 

By using a parallel-tuned-base-circuit oscillator, an effective fre-
quency-changer stage may be made with a point-contact transistor. 
This is shown in Fig. 37, where the signal is fed into the emitter through 
the usual step-down transformer, and the intermediato frequency is 
taken from the collector. F,ir good frequency stability, it is desirable 
to use a low L-O ratio for the oscillator circuit. Alternatively, if more 
normal values are required to enable use of ganged tuning,- tho base 
should be connected to a tap on the coil. This arrangeinent is quite 
effective in a receiver of moderate sensitivity, but would give too much 
noise in a really high-gain set. For this latter use, a junction transistor 
mixer with separate oscillator is better. Such a mixer stage is shown 
in Fig. 30. 

Experimental Receivers 
By combining the various stages in different ways it is possible to 

devise a number of super-heterodyne receiver circuits, and the designing 
of them is an interesting way of gaining practipal transistor-circuit 
experience. One such arrangement, which works well within 25 miles 
of a main broadcasting station, is illustrated in Fig. 38. It uses a ferrite. 

FIG. 37 (right).—BASIC FREQUENCY 
CHANGER CIRCUIT USING SEPARATE 
JUNCTION TRANSISTORS AS MIXER 
AND OSCILLATOR. THE VALUE OF 
C, SHOULD BE CHOSEN TO GIVE A 
MIXER COLLECTOR CURRENT OF 

0-5-1.0 mA. 

FIG. 38 (be/0 w).—EXPERIMENTAL 
SUPERH ETERODYNE RECEIVER 
USING Two POINT-CONTACT AND 
Two JUNCTION TRANSISTORS. 
FIXED T NINO is EMPLOYED. 
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Fm. 39 (left).—MOLTI•VIARA 
10Krt TOR CIRCUTT USING Two 

JUNCTION TRANSISTORS. 

Flo. 40 (right).-AELARATION OSCIL-
LATOR USING A SINGLE POINT-CON-

TACT TRANSISTOR. 

rod aerial and achieves extra gain by reflex uso of one transistor for 
both intermediate-frequency and audio-frequency amplification. The 
total current consumption is 7 mA at 15 volts for the 11.T., plus 1 mA 
at 1-25 volts for the bias. Fixed tuning is employed and an intermediate 
frequency of 165 kc/s is chosen, so that long-wave coils may be used for 
the intermediate-frequency transformers. 
For commercial use, higher sensitivity would be required, and the 

use of point-contact types would be precluded because of noise. 
Transistor portable and car receivers are discussed further in Section 

14. 

Multi-vibrator Circuits 

Besides the sine-wave oscillators mentioned above, both junction 
and point-contact types .may be used in relaxation oscillators. A pair 
of junction types are back-coupled to produce a multi-vibrator circuit 
in much the same way as thermionic valves. This is shown in Fig. 39. 
With point-contact types, single transistor circuits are possible, and a 
typical one is given in Fig. 40. Feedback is produced by the base 
resistance, and the time constant controlling the relaxation rate is 
provided by the combination R and C. This is the basic circuit from 
which many computer circuits are derived. 

npn Transistors 

In the foregoing circuits, where junction transistors are used, the 
pnp type is shown. This is because it is at present the more common. 
The circuits are, however, equally applicable to the npn type if the 
polarity of supplies is reversed. The combining of pnp and npn types 
in complementary symmetrical circuits has great possibilities, but has 
been deliberately excluded in this treatment as being still some way 
removed from general practical application. 

B. R. A. B. 
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Semi-conductors 

A small group of materials of recent development has assumed a 
particular interest to the radio and television engineer. They are 
known as semi-conductors, and the group with which we are here con-
cerned, notably silicon and germanium, are intermediate in electrical 
conductivity between conductors and insulators, there being a wide 
divergence between different types. 

Perhaps the most notable feature of these materials is that they have 
non-linear electric-circuit characteristics, i.e., their resistance is much 
greater when current passes in one direction than- in the other. Some 
of these substances contain electrons in the free state, and under certain 
conditions are also able to perform the functions so long associated 
with thermionic valves, viz., signal amplification, oscillation, etc. 
This latter characteristic is covered more fully in Section 26 
(Transistors). 
One of the first practical applications of semi-conductors was that of 

high-frequency rectification, where a metal electrode (" cat's whisker ") 
was fixed by light pressure in contact with the surface of one of several 
crystalline substances, the pair forming the detector of the early radio 
receiver. These early crystals were, by modern standards, inefficient 
and unstable, and were soon displaced by thermionic valves, which 
were able to function not only as rectifiers but were capable of voltage 
and power amplification as well. 
The development" of radar and the increasing use of ultra-high-

frequency transmission brought with them problems that taxed the 
resources of valve designers. Even special designs of the thermionic 
valve had their limitations, since the upper frequency was set by the 
capacitance between the electrodes and by the transit time of the 
electrons—that is, the time taken for an electron to pass from the valve 
cathode to one of the other electrodes. At very high frequencies the 
time of one oscillation becomes comparable with the transit time, and 
the valve can no longer completely perform its function. 

In the crystal type of diode the two electrodes are virtually in con-
tact, so that the electrode spacing is practically zero, and the transit 
time thus becomes very brief. Consequently, with the need in radar 
practice for a mixer valve operating at about 200 Mc/s, the crystal 
valve was resurrected and was rapidly developed into a robust and 
reliable component of controlled characteristics; later, in conjunction 
with cavity magnetrons, it was used on frequencies of the order of 
3,000 Mc/s. 

Extensive search was made for a satisfactory semi-conducting contact 
rectifier, and many of the combinations that had been used in the early 
days of radio were investigated, along with a number of new materials: 
carborundum, silicon, galena, copper pyrites and germanium. Of 
these the silicon-tungsten combinatin and germanium have been 
developed farthest. 

Silicon is eminently satisfactory as a frequency-converter, and units 
27-2 
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have been developed for use up to about 60,000 Mc is, but it is rather 
easily damaged by overload. 
Germanium is chemically a near relative of silicon. Both are in the 

same family as selenium, tellurium and boron. Germanium is a silver. 
white metal of atomic number 32, specific gravity 5.4 and atomic 
weight 72-5. Though still a comparatively rare substance, means have 
now been developed for the extraction and purification of germanium 
from flue dusts in gasworks and industrial concerns. 

Characteristic Properties 

A typical voltage/current characteristic of a silicon-tungsten diode 
rectifier is-shown in Fig. 1. It will be noted that as the semi-conductor 
is made positive with respect to the metal point electrode, the current 
increases rapidly, but when the polarity is reversed, the current is small 
for voltages up to about 3 volts, beyond which the reverse current 
increases rapidly. 

Fig. 2 shows a typical voltage/current curve of a germanium crystal 
rectifier, although the difference of the positive and negative abscissa 
scales should be noted. In this case the resistance in the reverse 
direction is high, differing markedly from silicon in this respect, and is 
of the order of several naegohms, a feature which is evident only when 
the metal is present in a highly purified state. It will be noted that for 
a reverse voltage of about 4 volts the resistance, in the case of silicon, 
falls rapidly, whereas with germanium it does not break down until 
about 100 volts is reached. 

In the forward direction, the slope measured at +2 volts may be of 
the order of 100 ohms ( 10 mA /volt), and the conductance is such that 
the current is much higher than would be expected in a small com-
ponent. The elope in the reverse direction reaches a maximum at 
about —2 volts, beyond which it falls slowly, finally culminating in an 
elbow in the curve known as the turnover voltage, beyond which the 
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VOLTAGE 

Fin. 3.-13aum. FORM or PRESENTATION OF TYPICAL GERMANIUM 
RECTIFIER CHARACTERISTIC. 

(G.E.C.) 

resistance falls and then becomes negative. In the reverse direction, 
a small current represents a considerable dissipation, and in view of the 
high impedance a current limit of 1 or 2 mA is usually imposed. 
The turnover voltage is an indication of the purity of the metal. 

Beyond this point the rectifier loses control and the current is limited 
by external resistance. If such resistance does not exist, the rectifier 
may be destroyed by excessive current. In general, the turnover 
voltage is reduced as the temperature rises. 
The voltage/current curve of the germanium rectifier is usually 

depicted in the form shown in Fig. 3, where the abscissa, represent 
potential applied to the whisker. This is, of course, the same informa-
tion as that shown in Fig. g with the potential co-ordinates reversed 
and the condition of easy current passage indicated as positive for both 
potential and current. 
The direction of easy current passage is opposite for the two semi-

conductors cited. Chemically they are near relatives and are operated 
under similar conditions, so that they might be reasonably expected to 
behave in the same way. As they do not, it is clear that the theoretical 
basis of the mechanism of current transfer will be complex. In fact, 
no completely satisfactory theory has yet been postulated. 
An outline of the conduction principles is given in Eaction 26 

(Transistors). 

Silicon Crystal Rectifiers 

Prepared as a p-type semi-conductor, the silicon crystal rectifier has 
been in general use for some years for detection, frequency-changing or 
mixing circuits handling frequencies above 500 Mc/s. It has uniform 
H.F. impedance, ability to withstand moderate overload, and low con-
version loss and capacitance. These features are attained through 
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small contact area, low forward and relatively' high reverse resistance. 
Its overload capacity is increased by the addition of minute quantities 
of aluminium and beryllium in addition to the boron impurity which 
gives the crystal its p characteristics. 
The boron-silicon crystal is normally prepared by grinding and 

polishing followed by a heat treatment to produce surface oxidation, 
which is subsequently removed with acid to leave a puro surface. 
Crystals of this type, shown in Fig. 5, are used by connection across a 
resonant coaxial line, which is tuned and matched to the input signal, 
or are connected across a waveguide with the shorting plunger adjusted 
behind the crystal. 
To avoid these somewhat critical adjustments it has been possible 

to produce these unite with fixed dimension and sufficiently close 
tolerances to match waveguides of given dimensions, and thus permit 
the use of interchangeable components. 
Another type (Form B) is the coaxial unit in which the dimensions 

of the components are fairly easily controlled, resulting in greater 
uniformity of electrical characteristics. Being double-ended, this 
construction enables the unit to function as a dipole and absorb electro-
magnetic energy of wavelength twice its own length. The shielding 
of the outer conductor obviates damage from external high-power fields. 
Here the whisker forms a continuation of the inner conductor of a 

coaxial line and is soldered to a hole in a brass bush fixed at the centre 
of a ceramic disc located by a shoulder on the outer tube. The crystal 
is fixed, to a nicked disc, which is forced into the outer tube and pushed 
forward until the correct pressure of the whisker is secured. Fig. 6 shows 
a waveguide mixer, pre-tuned to a local oscillator wavelength of 3-20 cm. 
using a B.T.H. type CS3-A. Optimum coupling corresponds to values 
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FIG. 7.—CROSS -SECTION OF CS3-B 
SILICON RECTIYIE4i UNIT. 
a—Plunger. 
b—Crystal. 
c—Bead-end. 
d—Tungsten contact. 
e—Plug terminal. 
J.—Ceramic insulator. 
g—Grub-screw. 
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of rectified current between 0.3 and 1.0 'ILA, depending • upon design 
features of the mixer and the efficiency of the intermediate-frequency 
amplifier. 

Fig.:1 is an enlarged cross-section of a Form B rectifier. Although 
Forms A and D differ in size, shape and arrangement of components, 
the principle of assembly of all three is basically similar. On the end of 
plunger a is fixed a flake of silicon crystal b, the.plunger being a running 
fit in head-end c, which is extended to form a screen for the assembly. 
Tungsten-alloy wire contact d is soldered to plug terminal e, which is 
supported by ceramic insulator f. Predetermined characteristics are 
obtained by adjusting the contact pressure between the crystal b and 
the wire contact d, after, which plunger a is locked by a grub-screw g. 
The contact pressure is such that the assembly will withstand normal 
handling without change of characteristics. 

10 
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FIG. 9.—B.T.H. CS2-A RECTIFIER USED As A MIXER. 

Fig. 9 shows a B.T.H. CS2-A rectifier used in one of the many types of 
crystal-holder as a mixet ; connections are shown from the signal source 
and to the beat-frequency local oscillator and to the intermediate-
frequency amplifier. Low impedance, small input and output capaci-
tances and negligible electron transit time are features which make the 
crystal extremely suitable for this type of application. 
PRECAUTIONS. Unless already protected by all-metal construction, 

these rectifiers ara usually supplied enclosed in lead capsules as • a 
protection against damage by strong radio-frequency fields, etc. 
The capsule should not be removed until the rectifier is put into 
service. 

In the past a disadvantage of the crystal rectifier has been its sen-
sitivity to transient voltage overloads, resulting in its premature 
deterioration or destruction. Improvements in the treatment of the 
contact surface have greatly reduced the risk of such damage, but care 
is still necessary in handling and using the rectifier in the presence of 
high-voltage transients or in strong radio-frequency fields. It is 
essential to provide suitable protection, such as a gas switch, where the 
rectifier is to be used with a common transmitting-receiving aerial 
arrangement. In handling, care should be taken not to bring the 
rectifier into contact with unearthed mains-operated apparatus, that is, 
it must not provide a discharge path to earth through the body of the 
user. Broadly speaking, the crystals which are designed for operation 
at the highest frequencies require the greatest protection against 
electrical overloads and mechanical shock. In general, crystal rectifiers 
slybuld be handled with no more and no less care than would be used 
with a thermionic valve. Wires must not be soldered direct on to the 
electrodes, but connection must be made by means of the mounting. 
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Germanium Crystal Rectifiers 

Judged' by normal chemical standards, the germanium required 
for a high back - voltage rectifier is pure. Experience shows that ger-
manium containing more than about 0-3 part per million of impurities 
is unsuitable. Tho control of impurities, mainly arsenic, has not yet 
reached the stage where the characteristics in any given case ran he 
exactly predetermined, and are thus not completely known until mare - 
facture is completed. The grading of crystal rectifiers for ternover 
voltage and back resistance are therefore matters of selection and 
segregation from batch manufacture. 

In general, the higher the turnover voltage, the greater the back 
resistance, which may be as high as 1 megohm at a reverse voltage of 
50 volts. The magnitude of the reverse voltage also reflects itself in 
the production cost, so that it is advisable to use a unit with the lowest 
back resistance which the application will tolerate. Most high-reverse-
voltage rectifiers have forward currents up to 50 mA at 1 volt, though 
this can be increased with a corresponding reduction of back resistance 
and turnover voltage. Exceptionally low forward. resistance is always 
offset by lower turnover voltage. 

Since the resistance becomes negative after the turnover voltage is 
exceeded, it is somotiinessuggested that this region be utilized to secure 
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oscillation. Operation under such conditions is not desirable, since the 
permissible reverse current would probably be exceeded and operation 
would be unstable due to changes of the characteristics caused by the 
resulting temperature rise. The turnover voltage should be limited 
for rectifiers designed to give their best performance at high frequencies. 
The capacitance is usually lesa than 1 pF, but varies slightly at high 
frequencies according to the voltage applied. 
The efficiency of a germanium rectifier in the region of 100 Mc is 

falls as the frequency is raised, and appears to suffer more when the 
turnover voltage is large than when it is small. In this respect it is 
rather less satisfactory than silicon, in which the rectifier efficiency 
()mains constant to frequencies of several thousand megacycles. 
Where the load impedance is constant, this tends to nullify any 

temperature variation in the rectifier impedance, which can be kept 
low, as the input voltage is of the order of 10 volts. Even where the 
load is a low resistance, for example, with a measuring instrument 
with an input of less than 1 volt, the performance is at least equal to 

that of a metal rectifier. 
Germanium diodes will function satisfactorily over a range of — 100° 

to +200° Centigrade. 

Junction Diodes 
In addition to the point-contact types described in this section, various 

forms of junction diodes have become available recently: see Sections 

25, 26. 
A recent development in germanium junction diodes has been the 

reduction of the junction area to produce diodes. having a capacitance 
of a few picofarads (compared with some hundreds of pieofarads in a 
conventional junction diode), a high reverse resistance and a hole storage 
time of a fraction of a microfarad. The forward conductance of such 
diodes at for example 1 volt may be over 1 amp., compared with the 
3-5 mA of a point-contact type. Apart from applications such as. 
waveform clipping, diode modulators, etc., these diodes may also be 
used as miniature mains rectifiers for transistor supplies, valve-bias 
supplies, etc. 
Another development is the use of a gold wire in place of tungsten, 

bonded into position by discharging a large pulse of .current. These 
diodes have a forward conductance intermediate between point-contact 
• and small-area junction diodes, but have an even smaller reverse ca-
pacitance; a typical figure fôr forward conductance at 1 volt would be 

300 mA. 

SEMI-CONDUCTOR VARIABLE CAPACITORS 

The capacitance of a germanium or silicon junction diode is a function 
of the reverse voltage applied across it; this property can be utilized 
to provide a circuit element in which changes of voltage are used to 
produce a variable capacitance. 
The principle of this device can be explained in simple terms as 

follows: If a reverse voltage is applied across a p—n junction, the positive 
voltage tends to attract the electrons in the a region and the negative 
voltage attracts the positive holes, producing an increase in the space-
charge region between the two conductors, thus decreasing the effective 
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capacitance of the diode. As the reverse voltage increases the space. 
charge region continues to widen, and hence the capacitance of the 
diode continues to decrease until the point is reached where the reverse 
voltage is sufficient to cause a breakdown of the diode. 
Over its working range the capacitance of a junction diode will 

approximate C cc 1/1re and the capacitance of a typical junction 
diode, such as the °All, varies from about 13 pF at 3 volts to 7 pF at 
13 volts. Diodes already developed specifically for this purpose have an 
effective range of the order of 3-40 pF, and much higher ranges err 
theoretically possible. 
The Q of the device depends upon the equivalent series and shunt 

resistances, the Q being increased by a decrease in series or base resist-
ance or by an increase in shunt resistance. A Q of 1,000 at 1 Mcis can 
be readily achieved, and diodes may be used for this purpose up to the 
U.H.F. region for applications in which a high Q is unimportant. 

Applications so far described include automatic frequency control 
for A.M., F.M. radio and television receivers, remote tuning of receivers 
and .transmitters, simple frequency and phase modulators, and fo: 
variable reactance and parametric amplifiers. 

TUNNEL DIODES 

The discovery of a new form of semi-conductor device—termed a 
tunnel diode—was replrted in 1058 by the Japanese scientist Leo 
Esaki. Although a two-terminal device, these diodes can be usr.à for 
amplification, oscillation or high speed switching. Experimental 
nvitlels produced during 1959 by the General Electric Co. in the United 
States are capable of oscillation up to 2000 Mc/s and it is believed that 
this figure should be increased shortly to about 10,000 Mc/s. As an 
amplifier, its noise figure comparus with the klystron and travelling-
wave tube. For switching applications, the tunnel diode is said to be 
from 10 to 100 times faster than existing transistors. 
The diode comprises a heavily doped junction semi-conductor having 

a negative resistance characteristic over part of its operating range due 
to so-called " quantum mechanical tunnel " theory which postulates a 
tunnelling effect in a semi-conductor junction allowing electrons to cross 
the barrier without change of energy. In a tunnel diode, equal and 
opposite tunnel currents flow at zero voltage. -When a forward voltage 
is applied, the current in the diode increases owing to the tunnel currents 
becoming unbalanced. However, when this forward bias is increased 
the tunnel currents become very small, giving a negative resistance 
characteristic which can be used for amplification, oscillation and 
switching. 
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28. RESISTORS 

The resistors used in radio and television can usefully be considered 
under three heads : 

(a) composition types; 
(b) wire-wound types; 
(c) potentiometers. 

The great majority of resistors for radio and television use are for 
receivers. The power to be handled is usually small, and in general the 
voltages applied to the resistors are not high. Consequently, the 
resistors are of small physical size, and these sizes, preferred resistance 
values, marking and other parameters have been standardized for some 
time. These standards have met with general acceptance by com-
ponent manufacturers and set makers alike, with the result that 
standards of performance have risen, availability has increased and the 
cost of components has been reduced. It must be understood that 
resistors for radio and television purposes are mass produced, and they 
have both the virtues and weaknesses which result from this method 
of production. Standardization of values and tolerances has. greatly 
aided mass production. Standard tolerances on nominal values range 
from ± 20 to ± 1 per cent, but tolerances of ± 5, ± 10 or ± 20 per cent 
are the commonest. 

Resistor Values 
The normal range of resistance values used in radio and television is 

from 10 ohms te 10 MO, and the " preferred values" associated with 

TABLE 1.—FOLTR-BAND COLOITR FOR FIXED RESISTORS 

Colour 
B.S. 
381C 
No. 

let 
Figure 
" A  " 

2nd 
Figure 
" B  " 

Multiply- 
ing Value 
" 0  " 

Tolerance 
" D " 
(%) 

Silver . . — — — 1Cr' ±10 

Gold . . — — — 10-1 ± 5 

Black . . — — 0 1 — 

Brown . . 412 1 1 10 ± 1 

Red . . 538 2 2 102 ± 2 

Orange . . 557 3 3 101 — 

Yellow . . 355 4 4 104 — 

Green . . 221 5 5 10' — 

Blue . . 188 e e 104 — 
Violet . . 796 7 7 107 — 

Grey . . 632 8 8 108 — 
White . . — 9 9 loe — 

None . . — — -- — ±20 

211-2 
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particular tolerances will be found in Publication No. 83 of the Inter-
national Electroteohnical Commission. It should be noted that the 
preferred values for tolerances of ±5 per cent are generally used for finer 
tolerances. 

Values may be marked in plain figures or by means of a colour code. 
The colour code employed is set out in the I.E.C. Publication No. 82. 
It may also lie found in B.S. 1852: 1952, in The Government Inter-
service Spècifications RCL. Ill and RCL. 112, and in the appropriate 
Radio Industry Council Specifications RIC. 112 and RIC. 113. 
For convenience of reference, both the preferred values and the 

colour code are reproduced in Tables 1 and 2. 

Colour Coding 
The components shall be clearly and indelibly colour coded in 

accordance with Fig. 1 and Table 1. 

1111  
ABCD 

FID. /L.—RESISTOR COLOUR CODING. 

General Scheme: 
let Colour " A " denotes 1st digit of resistance value. 
2nd Colour " B " denotes 2nd digit of resistance value. 
3rd Colour " C " denotes Multiplier. 
4th Colour " D " denotes Tolerance. 

TABLE 2.—SERIES OF PREFERRED VALVES AND THEIR 
ASSOCIATED TOLERANCES 

Tolerance Tolerance 

±5% ±10% ±20% 

1-0 
1.1 
1.2 
1-3 

1-5 
1-6 
1.8 
2.0 

2-2 
2-4 
2-7 
3-0 

1-0 

1-2 

1.5 

1.8 • 

2.2 

2-7 

1.0 

1-5 

2.2 

±5% ±10% ±20% 

3-3 
3.8 
3-9 
4.3 

4.7 
5.1 
5.8 
6.2 

8-8 
7.5 
8.2 
9-1 

3-3 

3.9 

4-7 

5.8 

8-8 . 

3-3 

4.7 

64 
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With the large expansion of electronics and the use of Grade 1 com-
position resistors there is a tendency to use the finer tolerances, and 
there is a considerable body of opinion which considers that the pre-
ferred-value series used for ± 5 per cent is not adequate for close-
tolerance resistors. In the U.S.A. a new table has been set out for 
high-stability resistors, using a Renard series which gives values with 
smaller intervals between them than those given by the Renard series 
used for the ± 5 per cent tolerance in the I.E.C. publication. Those 
interested will find the table set out in Specification MIL-R- 10509A. 
The world-wide use of radio and radar means that radio components 

have to meet a variety of climatic conditions. These, of course, are no 
different for resistors than for any other component. The conditions 
may be high temperature, high relative humidity, a combination of both 
of these, extreme oold and low air pressure. All these conditions are 
catered for by the various specifications covering resistors for radio and 
radar and television use. 

COMPOSITION RESISTORS 

There are two classes of composition resistors referred to as Grade 1 
and Grade 2. This grouping makes it appear that the Grade 2 resistor 
is much inferior to Grade 1, and in point of fact this is not true. A 
better classification would be: High-stability Resistors and Normal-
stability Resistors. Definition of these grades is to be found in the 
Government Specification RCG. 110, which reads as follows: 

"Resistors Composition—Oracle 1.—Resistors whose stability 
under the test conditions specified in RCS. 11 is within the limits of 
± 5 per cent of the initial value.. 
" Resistors Composition—Grade 2.—Resistors whose resistance 

stability under the test conditions specified in RCS. 11 is within the 
limits of ± 25 per cent of the initial value." 

These definitions • are reasonable, but the limits of change allotted to 
Grade 2 resistors require adjustment, since no resTstors are made which 
have characteristics quite au bad. 

Grade 1 Resistors 

These may be insulated or non-insulated and consist essentially of a 
ceramic rod or tube upon which a crystalline film of carbon has been 
deposited by the cracking of a hydrocarbon gas at high temperature. 
The resistance range of the film is not great, and it is therefore usual to 
increase the resistance value of any particular specimen by cutting a 
spiral groove on the rod with a diamond wheel. The result is a resistor 
of considerable electrical length, but of small width and thickness. As 
a result of this construction, Grade 1 resistors are not able to stand 
much overload, and the film is easily damaged in handling. The 
resistors are also liable to failure from breaking away of the spiral track 
owing to thermal working of the ceramic. The pitch of the spiral groove 
imposes a limit on the voltage which may be applied to the resistor, and 
all these factors together are affected by the convention that a resistor 
of given wattage has the same overall physical dimensions, no matter 
what its resistance value may happen to be. 
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Manufacturing details are discussed briefly later on, but reference 
should be made to one important point. The resistor trade urgently 
needs more and better ceramics for high-stability resistors. The 
oeramio mus -be of high-quality porcelain, and unfortunately the high 
quality required demands special manufacturing facilities. One of the 
chief reasons for the lack of good ceramics for high-stability use is 
economic, since if the whole of the trade demand was supplied from one 
source, it would not provide a very good living for the maker. All resistor 
makers investigate hopefully any new source of supply which comes 
along, but at the time of writing there, does not seem to be much hope 
of larger supplies of good resistor ceramic in the near future. 

Grade 2 Resistors 

This type forms the great majority of resistors used for radio and 
television circuits. There are two general types of these resistors, one 
consisting of a solid rod of composition containing carbon and the other 
a rod or tube sprayed with a paint containing carbon. As in the case 
of Grade 1 resistors, all Grade 2 resistors of a given wattage are required 
to have the same overall physical size, and therefore the specific 
resistance must vary throughout the range. 

Manufacture of Grade 1 Resistors 

It is not intended that this .shall be a detailed description of manu-
facture, only a very general outline being given. Grade 1 resistors are 
of insulated or non-insulated types, and the insulated types vary in their 
insulating coverings. All manufacturers have differences in their 
techniques, therefore the process described here does not claim to• be 
exclusive, since it is merely the process of one particular maker. In 
this ease the resistors consist of high-quality ceramic rods upon which 
the carbon film is deposited. The resistors are terminated with brass 
caps carrying high-conductivity copper connections. These resistors 
are insulated, the resistor assembly being put into a high-quality 
ceramic tube, the ends of which are sealed with a special plastic seal. 
The completed resistors are vacuum impregnated with a special com-
pound, and so are capable of a very high degree of resistance to humidity. 
The carbon film is deposited in a special type of furnace, which may 

be of batch or continuous-feed type. There is some degree of control 
of the film in cracking, but as before mentioned not enough to cope with 
all the values of resistance that are required. To get the necessary 
degree of control the electrical length of the resistor is altered whilst 
the physical dimensions are not changed. This is accomplished by 
grinding a helical groove through the carbon film. A diamond .wheel 
is used for this purpose, and either hand or automatic control of resist-
ance value may be used. After the grinding process the resistors are 
cased, coded and impregnated. 
The standard range of Grade 1 resistor is from 10 ohms to 10 MO, and 

the usual tolerances are ± 1., ± 2 and ± 5 per cent. 

Manufacture o! Grade 2 Resistors 

There are two main kinds of Grade 2 resistors: (a) those consisting 
of a solid composition rod; (b) the sprayed-rod variety. We will deal 
first with the solid carbon composition rod type. 

Q Q 
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In Grade 2 resistors the standard range is from 10 ohms to 10 MC, 
and the standard tolerances are ± 5, ± 10 and ± 20 per cent. There are 
255 preferred values an tolerances in the standard range, and the first 
problem to be faced by the resistor maker is the number of pernary 
powders he will make. The usual practice is to make as small a number 
of these as will economically fit the manufacturing process. Most 
makers of resistors have several wattage sizes in their ranges, which 
means several sets of physical dimensions. 
From first principles we have that 

R = p x la 

where R = resistance in ohms; 
p specific resistance of material used; and 

1 and a ---- length and cross-sectional area, expressed in the same 
units as used for p. 

It is evident that a powder having any particular value of p will give 
different results when made up into resistors of different physical sizes. 
Manufacturing experience shows that if a powder gives a resistance of 
A ohms on a particular set of dimensions, then the resistance given on 
another set of dimensions will be XA ohms, where X ia a factor depend-
ing mainly upon the relations between the dimensions. In practice, the 
factor X is also affected by the material and te manufacturing process 
used. The result is that only one range of primary powders is necessary. 
As many as possible of the qualities desired in the completed resistor are 
built into the primary powders, and they can be blended together to 
produce values other than those of the straight-run primaries. 
The primary powders also contain a resin binder. After moulding to 

a target value, the resistor pins have the usual heat treatment for poly-
merization of the resin. The process is usually a continuous one, 
mechanized as far as may be. The relation of moulding value to 
finished value differs with different makers. In some cases the finished 
shape of resistor pins is as moulded, but in .others, particularly those 
of circular cross-section, the pins are ground to finished dimensions 
after moulding. Terminations are then applied to the pins, which are 
now ready for grading into finished value. Most manufacturers of 
solid-rod types vacuum impregnate their resistors to improve humidity 
characteristics. After the provision of the insulating cover, if any, 
the resistors are coded and then ready for despatch. 

The Sprayed Carbon Types.—These are made up with sprays of 
various values. Here again the manufacturer makes up a range of 
sprays having values appropriate to his process. Finishing is upon the 
same lines as that used for solid-rod resistors. There is one class of 
sprayed resistor where the spray contains a low-melting-point glass: 
this resistor is heat treated at a temperature high enough to vitrefy the 
glass, and variation of value in this case is achieved by the cutting of 
a spiral groove on the resistor in addition to the range of sprays. 

Specifications Used tar Resistors 
In this country at the present time there are two (almost) parallel 

sets of specifications for resistors used for radio and television. These 
are the Government Radio Component Standardization Committee 
Specifications and the Radio Industry Specifications. The R.C.S.C. 
Specification is RCS. 112, which covers both grades of resistors. The 
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R.I.C. Specifications are No. 112 for Grade 1 resistors and 113 for 
Grade 2 resistors. There are no British Standards Institution speci-
fications for resistors at the present time, but it is intended that there 
shall be such specifications. The work done by the Standardizing 
Committees of the Radio Industry which resulted in the R.I.C. speci-
fications had, and still has, ultimate B.S.I. specification in view. It is 
hoped that when a specification has been produced by the B.S.I. there 
will be no further need for either R.C.S.C. or R.I.C. specifications. 
These specifications can be obtained from: 
• 

R.C.S.C. Ministry of Supply, The Radio Industry Council, 
Castlewood House, 59 Russell Square, 

77/91 New Oxford Street London, W.C.1. 
London, W.C.1 

Besides the individual resistor specifications, there are general spec-
fications for climatic, robustness and durability testing, which are 
common to all radio and television components. One important point 
must be made clear. None of the specifications mentioned here are 
manufacturing specifications; they are performance specifications. 

Conditions To Be Stet In Service 

Quite apart from the question of resistance value and tolerance for a 
particular job, there is a series of general conditions to be met by 
resistors during their service, and these will be more arduous in some 
cases than in others. The operating conditions for a resistor in a 
domestic radio in this country are very different from those met by a 
similar resistor in the radio of an air-liner, or even from the conditions 
met in a domestic radio receiver in the tropics. All of these conditions 
can be grouped under the following heads: 

(a) changea of temperature; 
(b) changes of humidity; 
(c) changes of air pressure; 
(d) vibration and bumping; 
(e) stresses during assembly. 

Other necessary conditions are; 

(f) voltage coefficient; 
(g) low noise; • 
(h) reasonable ageing characteristics; 
(i) a reasonable working life; 
(j) stability under operating conditions. 

Under all these conditions the resistors must have a definite standard of 
performance. Breakage and noise excepted, the response of a resistor 
to all the changes of conditions quoted can be assessed in terme of its 
permanent resistance change under those conditions. 

Soldering of Resiators.—Resistors are almost invariably connected 
into circuit by soldering, and it is essential that the leads can be soldered 
easily up to a point near the body of the resistor. It is also essential 
that the permanent change of resistance, because of soldering, shall be 
small. The solder test in the specifications is designed to simulate very 
severe soldering conditions. In both Government and R.I.C. speci-
fications the test method is the same, but in the Government specifica. 
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tion it is laid down that the soldering-iron shall be in contact with the 
termination for 15 seconds, whilst only 10 seconds is called for in the 
R.I.C. specifications. The change of resistance is to be measured not 
less than hour after soldering, i.e., when the resistors have cooled 
down to room temperature. 

Noise 
Signal-to-noise ratio is a matter of ever-increasing importance in 

radio and television, and it is of great importance that the resistors used 
in the circuit add as little to the noise as possible. All composition 
resistors have an inherent noise which is proportional to the absolute 
temperature and the resistance in ohms. 
On load this noise is increased owing to rise of temperature and con-

tact variations between adjacent particles of the composition. In the 
case of Grade 1 resistors the absence of non-carbon particles means 
more regular contact between the particles, and the noise is low. 
Between the limits of the normal range of resistors, noise in Grade 1 
resistors is considered to vary directly with the applied voltage. In 
Grade 2 resistors the non-carbon constituents cause greater noise on 
load, and it is proportional to the log of the resistance value. There is 
a great deal of controversy about the measurement of resistor noise. 
The R.C.S.C. specification quotes a " preferred " noise meter, but the 
other specifications simply state that: " Pending the development of 
a suitable standard test apparatus for this purpose, the noise shall be 
measured by a method to be agreed between the purchaser and the 
supplier." At the time of writing the main approaches to the subject 
seem to be given by the following references: 

1. R.A.E. Technical Note—R.A.D. 465: " Measurement a Noise 
in Resistors ", by T. Burgess. 

2. American Standards Association—C.75.17-1944 " Method 
of Noise Testing Fixed Composition Resistors" (being revised). 

3. Alta Freguenza, Volume 18, pages 254-267 : " Noise Level of 
Resistors "1 by E. Paoline and G. Canegalle. 

4. Proceedings of the Physical Society, 1st August 1953 : " The 
Electrical Conductivity and Current Noise of Carbon Resistors ", 
by I. M. Templeton and D. K. C. MacDonald. 

There are significant differences between the methods used, and the 
results are not directly comparable.. The situation to date may be 
reasonably summed up as follows: 
The present specification limits for noise in resistors are met without 

much difficulty, and there is no pressure from the radio and television 
industry for resistors with less noise than the specifications demand. 
There is no widely agreed method or apparatus for the measurement of 
resistor noise, but there is need for such apparatus. To this end more 
research on resistor noise and its measurement is necessary. 
The specification limits for resistor noise are 0-5 liV/D.C. volt applied 

for Grade 1 resistors, and log„ R ohms MV/D.C. volt applied for Grade 2 
resistors. 

Ageing 

All composition resistors change in value during storage, and a limit 
to the amount of change in a given time is included in both R.C.S.C. 
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and R.I.C. specifications. The test is called " Shelf Life " in RCS. 112. 
The amount of change depends on the storage conditions in some degree, 
and in practice resistors, in common with other components, are stored 
under conditions as good as possible. In the test laid down in RCS. 112 
the conditions are deliberately made as bad as can be without actual 
exposure of the resistors to the weather. In the opinion of the trade 
these conditions are not representative, and in practice the Government 
requires resistors to be specially packed if the storage conditions are as 
bad as those laid down in the test. 

TABr à.—LIMITS or CHANGE UNDER SPECIFICATION TEST 
CONDITIONS 

Grade 1 Grade 2 

R.C.3.C. R.I.C. R.C.S.C. R.I.C. 

Temperature coefficient. 
Soldering . • • 
Voltage coefficient . 

Noise . . 

Climatic . . 
Working life 
Tropical exposure . 
Ageing 

0-04-01% 0.04-0.1% 0-12% 0-12% 
0.5% 0.3% 3.0% 2.0% 
0.002% 0.002% 0.025°/,, 0.025% 

R . 

0.5 µWV 0.5 gV/V 2 + 1°g T,T)E1-0 eViV log R 4" 
1.0-3.0% 1.0-3.0% 10-15% 10-15'y 
1.0-3.0% 1-0-3.0% 25% , 10-1507,, 
14-3.0% 1-0-3.0% 15% 10-15% 
1-0% 0.5% 5% 2% 

8 months 94 days 8 months 3 mont hs 

Future of Composition Resistors 
In the writer's opinion the composition resistor will not go out of use 

in the foreseeable future. There will undoubtedly be changes. All 
composition resistors have greatly improved during the last decade, 
and this improvement will continue, probably to a point where there 
will not be two grades of composition resistors. Miniaturization 
problems will be as troublesome as ever, but perhaps we shall get 
miniature watts to operate with. It does seem that the transistor will 
help the miniaturization position, because of the small amounts of 
power required. Printed circuits are not exactly new problems to the 
resistor manufacturer; they chiefly mean a change of physical form. 
These circuits are still to some extent in the experimental stage, although 
they have already become established as normal technique in the radio 
and television industry. What their final place will be cannot yet be 
foreseen. 

WIRE-WOUND RESISTORS 

Very large numbers of wire-wound resistors are used in radio and 
television. In the smaller sizes they are usually used where the greater 
load is beyond the capacity. of a carbon resistor. In the larger sizes 
mains droppers form the majority of wire-wound resistors. 
The type of wire-wound resistor used in radio and television consists 

of a high-quality ceramic former upon which is a winding of iron-free 
resistance wire, usually a nickel alloy. The winding is nearly always 
single-layer straight solenoid, but Ayreton Perry winding is used where 
very low inductance is essential. The terminals may be ferrule, tags or 
wire tails. 
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The standard resistance range is from 10 ohms to 100 kfl, but values 
higher, and lower, are offered by a number of makers. Tapped units 
may have as many as ten taps according to make and type. The 
standard tolerances range from ± 1 to ± 10 per cent, the most common 
being ± 5 per cent. The great majority of wire-wound resistors used in 
radio and television have the winding covered with vitreous enamel or 
some other compound, and most are capable of operating at surface 
temperatures up to 300° C. Since the surface temperature is high, the 
resistors must be suitably mounted and care taken that the heat dissi-
pated does not cause damage to other components. The most suitable 
mounting method for large wire-wound resistors is vertical, and so 
arranged that air can circulate through the bore. It is standard 
practice in the industry to make use of the same preferred-value series 
as used for carbon resistors, though other 'values can be supplied. 
Wire-wound resistors are usually marked in plain lettering, and on 
account of the high surface temperature special caro is necessary in the 
selection of the materials used for marking. 

Manufacture -of Wire-wound Resistors 

The formers upon which the wire is wound are of high-quality ceramic. 
All but the smallest sizes are tubes. Special machines have been 
developed for winding, and the process is semi-automatic. The winding 
may be connected to the terminations by welding, brazing or by pressure 
joints. Tag and wire terminations are more common than ferrules, and 
the present tendency seems to be for ferrule terminations to be confined 
• to the largest sizes. Vitreous enamelling processes vary a great deal 
among manufacturers, some using continuous and others batch coating. 
Silicone coatings have been developed which can work at a surface 
temperature of almost 300' C., and these have the advantage from the 
manufacturers' angle that they do not require as high a temperature for 
curing as is required for vitreous • enamel. The lower temperature 
means much less scrap due to thermal shock. Wire-wound resistors 
are also lacquer covered, but these have a much lower working tem-

perature.. Most wire-wound resistors are wound on to formers of circular cross-
section, though there are some other forms. Winding wires range in 
size from about 30 S.W.G. to finer than 0-001 in. diameter. Copper-nickel 
or nickel-chrome alloys are used and supplied under various trade 
names, such as Cupron,,Nichrome, etc. On the smaller sizes, usually 
below 15 watts, the terminations may be axial or radial. 

POTENTIOMETERS 

There are two types of potentiometers used in radio and television. 
These are wire-wound and carbon-track types. Wire-wound potentio-
meters are not usually used in radio receivers, but both typeaare used in 
television receivers. Carbon-track potentiometers form the biggest 
proportion of these components-

Carbon-track Potentiometers 

These are used in large numbers for volume and tone controls in radio 
receivers, and for various other controls in television receivers. They 
consist essentially of a resistance element in the form of a plastic or 



RESISTORS 2/1-it 

ceramics ring sprayed with a carbon mixture. These resistance elements 
are contained in a circular we furnished with a rotating arm for varia-
tion of resistance. Contact can be made through tags to each end of the 
resistance element, and to the moving arm. 

These potentiometers are made in values up to about 5 ma with 
linear, logarithmic and reverse logarithmic resistance laws. The 
usual wattage ratings are up to 2 watts, and this wattage is taken over 
the whole of the track. Dual potentiometers mounted concentrically 
can be obtained, arranged for operation either separately or together. 
Where carbon-track potentiometers are used as volume controls, an on-

and-off switch is usually fitted to the back of the control. The switch 
is operated by the control spindle, and this operation takes up some of the 
angular rotation on the potentiometer and cuts down the effective 
resistance rotation. The resistpice sprays are made up in values in the 
series 1, 2, 5, 10, etc., and the standard tolerances are ± 10 per cent and 
±20 per cent. 
The mechanical details fixed by specification are: 

Overall Diametar, depth including tags and switch, projection of 
tags and angular rotation. 

Fixed Bush Length, thread length, diameter and thread details. 
Fixing Nut Thickness and diameter across flats. 
Spindler Length, diameter, length of flat, dimension perpendicular 

to flat, angular position of flat, details of slot or cross 
hole, and spindle-end chamfer. 

Locating Peg Position, height and diameter. 
Switch Angle of operation. 

The switch rating is 1 ampere at 250 volts A.C. or D.C. and 3 amperes 
125 volts A.C. or D.C. The contact resistance of the switch is not 
to exceed 0-01 ohms, and the rating is to be marked on the switch. 

Performance Tests 
Spindles must be insulated from the moving contact, and the insula-

tion resistance between the spindle and the live parts of the potentio-
meter—switch included—must not be less than 500 Mû measured at 
500 volts D.C. It is proposed to increase this insulation resistance to 
1,000 Ma Carbon-track potentiometers must be able to withstand, 
without breakdown, 2,000 volts. r.m.s. 50 cis applied for 15 seconds 
between the live parts of the switch and the spindle, and 1,000 volts 
r.m.s. 50 cis between the whole of the live parts of the control and the 
spindle. For these tests the spindle and case are to be connected 
together electrically. Besides their resistance, potentiometer tracks are 
required to have low" hop-on " and " hop-off" resistance. " Hop-on " 
is to be leas than 50 ohms or 0-5 per cent of the total track resistance, 
whichever is the less. The " hop-off " is to be less than 1 per cent of 
the track resistance. Limits are laid down for lav variation, and these 
are shown in Fig. 2. 
A very important point concerning carbon-track potentiometers in 

service is rotational noise, and RIC/122, Appendix " A ", describes the 
apparatus to be used for the measurement of this noise. During test 
the potentiometer is to be worked at approximately thirty operations 
per minute, and the noise measured between the slider and the anti-
clockwise tag. The noise must not exceed 50 V. 
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FIG. 2.—RESISTANCE LAW LIMITS FOR CARBON-TRACE POTENTIOMETERS. 

There are various meehanical requirements to be met, such as 
operating torque, end play, aide play, robustness of stops and tags. 
Endurance tests which the potentiometers must be capable of meet-

ing, include 1,000 hours application of the rated wattage across the track, 
60,000 cycles of operation at thirty operations per minute and 10,000 
operations of the switch under conditions where the full rated current is 
broken. At the end of these tests there are specification requirements 
covering wear, change of resistance, etc., to be met. Lastly, there is a 
soldering test to ensure that the control can be satisfactorily connected 
into the circuit. 
The 100 per cent production tests are : general examination for 

workmanship; measurement qf overall resistance, hop-on and hop-off; 
law; rotational noise; flash insulation; functional test of switch. 

Carbon-track potentiometers are relatively complicated pieces of 



RESISTORS 28-13 

apparatus, and in spite of their limitations give good service. This is 
best when there is no switch attached. 
The trend of development at the present timo is towards reduction 

of size and better humidity characteristics. 

Wire-wound Potentiometers 

These are used in considerable numbers in television receivers, and 
two forms aro in U‘30 at the present time. One consists of a resistance 
winding on a ceramic former with a sliding contact arranged to move 
along the length of the coil. In the other, and more numerous, form the 
resistance element takes the form of a strip of plastic material carrying 
a winding of resistance wire. This is mounted on edge and, bent into a 
cirOular form, is placed in a plastic moulding. A moving contact 
attached to a spindle varies the resistance by rotation of the spindle. 
Many of the mechanical details fixed for carbon-track potentiometers 

apply equally to the rotary type of wire-wound potentiometer. Tho 
usual range of these potentiometers is up to 100,000 ohms with tolerances 
of ±5 per cent and ± 10 per cent. For television purposes wattage 
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ratings of up to 3 watts are used. The nominal wattage is considered 
as applied over the whole element. The limiting working temperature 
of potentiometers having plastic formers is 130° C., the wattage ratings 
being stated at 70° C. 

Performance Tests 

The commercial specification covering performance of wire-wound 
potentiometers is RIO. 121. The robustness and durability tests laid 
down in RIO. 11 also apply. In these potentiometers the spindle must 
be insulated from the contact arm and the resistance element. Winding 
wires are of nickel alloy, varying in size according to the resistance. 
The resistance laws usually required are shown in Fig. 3. Of these 

the most common in use is linear. The mechanioal and tobustness 
standards for wire-wound potentiometers are approximately the same 
as those of carbon-track potentiometers, but there are extra end-
thrust and side-thrust requirements to be met. The temperature 
coefficient must not greater than 0.025 per cent per ° C. 
Endurance tests for wire-wound potentiometers are divided into 

electrical and mechanical sections. The electrical requirement is that 
the rated power shall be applied to the element of the potentiometer 
and the maximum rated voltage for the insulation shall be applied 
between the spindle and mounting plate connected together and the 
element. The test period shall be eighty-four days, with the voltage 
applied to the potentiometers for 12 hours continuously within each 
24-hour period. 

Mechanical endurançe tests for wire-wound potentiometers differ for 
panel-mounting and preset controls. Panel-mounting types must have 
at least 30,000 operations at the rate of thirty operations per minute, 
each operation traversing not less than 90 per cent of the total angular 
movement. The maximum rated voltage for the insulation is to be 
applied during the whole of the test. During half of the test the rated 
wattage its to be applied to the element with no current through the 
slider, and during the other half, current is to be applied to the slider 
through a resistor of the same value, as that of the potentiometer under 
test. At the end of the tests there we electrical and mechanical 
standards to be met. For preset poten.qometers the test described 
above is reduced to 2,000 operations. For full details of the eleetrical 
and mechanical standards to be met at the ,:nd of the tests the specifica-
tions should be consulted. Climatic test: differ in severity with the 
grade of the potentiometer. There are ti ree grades: red, green and 
yellow, red having the highest climatic qualities. 

All the tests described above are type-apK-ival tests, which are also 
applied as batch tests. In production every « control has to pass the 
following tests: ( 1) general examination; (2) dimensions; (3) con-
tinuity; (4) resistance value; (5) voltage proof.. 

Wire-wound potentiometers, though complicaien in construction, are 
very reliable components. The trend of development at the present 
time is towards simplification of mechanical detail arid smaller sizes. 

D. F. U. 
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Any two conductors which are electrically insulated from one another 
have the property of storing an electric charge when a potential differ-
ence is maintained between them, and the charge is proportional to the 
potential difference. The ratio of the charge to the potential difference 
is the capacitance between th v conductors. Capacitance may be defined 
in various ways, and Britian Standard 205: 1943 gives the following 
definitions: 

' ( 1) The property ot a conducting body-by virtue of which a quantity 
of electricity has to be imparted to it to produce a difference of potential 
between it and the surrounding bodies. 

(2) The ratio of the charge on a conductor to its potential when all 
neighbouring conductors are at zero potential. 
. ( 3) The ratio of the charge of a capacitor, i.e., the total electric flux 
between its electrodes, to the potential difference between them. 

(4) Of a circuit-element at a given frequency--the quotient of the 
auseeptance divided by the angular frequency. 
The practical unit of capacitance is the farad (F), which may be 

.defined as the capacitance of a capacitor which stores a charge of one 
coulomb when the potential between its electrodes is maintained at one 
volt. Commonly used subdivisions of the farad are the micro-farad (µF) 
equal to 10-4 farad and the micro-micro-farad (µ4") or pica-farad (pF) 
equal to 10-11 farad. In electrostatic calculations the centimetre à 
frequently used as the unit of capacitance (1 pF = 0-899 cm.). 

Dielectric Constant 

The ciielectric constant or permittivity of a material is defined as the 
ratio of the electric flux density produced in the triaterial to that 
produced in free space ( i.e., a vacuum) by the same electric force (see 
B.S. 205). The dielectric constant of air is 1-006, which for practical 
purposes may be taken as unity. Thus the dielectric constant of a 
substance is the ratio in which the capacitance between two electrodes 
is increased when the space between them is filled with the substance in 
question instead of air. 

The Capacitor 

A capacitor is a circuit element in which two conductors or electrodes 
are arranged to have a specified value of capacitance. The capacitance 
of a single electrode or conductor is sometimes quoted, and the second 
electrode is then assumed to be earth. The energy stored in a 
capacitor is actually stored in the insulating material between the 
electrodes in the form of an electric stress, and in a capacitor this 
insulating material is usually called the " dielectric ", the term 
" insulator " being used when the function of the material is only to 
prevent the passage of current. 

29-2 
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Capacitance and Reactance 

The capacitance of two simple geometrical forms is given by the 
following formule 

PARA-LLEL PLATES 

KA 
C = —KA  cm. = 0.0885 t — pF 

4-at 

where K =, dielectric constant; 
A = area of one plate, in sq. cm.; 
= distance between plates, in cm. 

CONCENTRIC CYLINDERS 
K/ 0.242 K/ 

= cm. pF 

2 log, rni logo  

where r = dielectric constant; 
1 = length of cylinder, in cm. ; 

1.2 = outside radius of inner cylinder, in cm. ; 
= inside radius of outer cylinder, in cm. 

When an alternating potential is applied to a capacitor a current 
passes proportional to its capacitance (0) in farads, the applied potential 
(E) and the frequency of alternation (f) according to the relation 
1 = 2irfCE. This property, together with the fact that the dielectric 
resists the passage of D.C., provides the basis of a means of separating 

1 1 
alternating and direct currents. The quantity X = — is 

WC F7re 

the reactance of the capacitor. - 

Power Factor and Insulation Resistánce 

In addition to capacitance it is often desirable to know two other 
characteristics of a capacitor, viz., power factor and insulation resistance 
or insulance. 
The power factor of a capacitor indicates the loss of energy which 

occurs when an A.C. is passed through it. Thus if a voltage E across a 
capacitor prodiaces a current I through it and the resultant loss in the 
capacitor is W watts, then the power factor is WIEI. 
The loes in a capacitor may be due to several factors which may be 

represented by equivalent shunt and series resistances, but at a given 
frequency it is convenient to lump all the components of loss together 
as a single equivalent series resistance r. Assuming the applied voltage 
to be sinusoidal, we may use the vector triangle shown in Fig. 1 to 
derive the power factor. 
The loss angle 8 is usually small in a capacitor, so that for all practical 

purposes we may take cos e = tan 8. 
In electronic circuits the power factor of a capacitor should be 

considered from two aspects. First, in a tuned circuit the losses will 
increase the damping, and the value of the equivalent series resistance 
should be considered from this point of view. Secondly, when a heavy 
A.C. is passed, as in the case of a reservoir capacitor following a rectifier 
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Fm. 1.—POWER FACTOR Or CAPACITORS. 

X — reactance of capacitor = 1/0,C; • ; 
r equivalent series resistance representing total 

losses; 
Z = impedance of capacitor Ell; 
= phase angle; 
= loss angle; 

cos 4, = power actor r/z; 
tan 3 = loss tangent r/z. 

or a by-pass capacitor in a large transmitter, the heat generated in the 
capacitor may be considerable, and since it is proportional to the power 
factor/ the latter must be sufficiently low to prevent overheating. 

Insulation resistance of a capacitor is usually measured under D.C. 
conditions by applying a steady voltage and observing the current 
which flows. Since this leakage current is proportional to capacitance 
(other things being equal) the product of resistance and capacitance is 
generally quoted for a capacitor and expressed in megohm micro-farads 
or ohm farads. The insulation resistance varies with time of applica-
tion of the voltage, increasing rapidly at first and then tending 
asymptotically to the final long-time value (Fig. 2). It is usual to quote 
the value as measured after one minute's application of voltage. 

If a capacitor has an insulation resistance of R ohms and a capacitance 
C farads, the quantity OR is called the " tline constant " of the 
capacitor, and is, in fact, the time in seconds taken for a charge in the 
capacitor to decay to 0-3879 of its initial value, assuming R to remain 
constant. As explained above, R will not usually remain constant unless 
the charging voltage has been applied for a considerable time. How-
ever, the method of timing the discharge may often prove useful as a 
means of estimating CR, and hence R; especially when R is very large, 
as is the case with polystyrene dielectric capacitors. To make the 
measurement tie capacitor is charged to a potential V, and then 
isolated from the charging circuit. After a time t seconds the voltage V 
across the capacitor terminals is measured (using a meter of suitably 
high resistance) and the value of CR calculated from the equation 

V 
OR = t/2-3 log 

V 
If V, is nearly equal to V, then a reasonable approximation is given 

V, t 
by CR — 

v o v 

Series and Parallel Connections 

If a number of capacitors having capacitance values C1, Os, C‘ 
etc., are connected in series, the resulting capacitance value O is given 
by the relation 

Alternatively, this may be expressed by saying that the reactance of the 
series combination is the sum of the separate reactances, or 

X X, ± X, + X, -I- ... etc. 
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When capacitors are connected in parallel the resulting capaci-
tance is the sum of the separate capacitances, i.e., 

C = ± C2 ± Ca ... etc. 

Two or more capacitors are sometimes connected in series for working 
at voltages higher than their individual ratings, and when this is done 
it is important to remember that for D.C. the voltage will be shared 
between the capacitors in proportion to their insulation resistance, 
while for A.C. the voltage will be divided in proportion to the reactance 
of the capacitors. In the D.C. case the voltages across the capacitors 
may be equalized by connecting resistors of equal value across each 
capacitor. The value of the resistors should be small compared with 
the insulation resistance of the capacitors, but otherwise as large as on 
conveniently be used. A value of 1-10 ma is usually satisfactory. 

J. H. C. 

PAPER DIELECTRIC CAPACITORS 

Paper as a dielectric has been in use since the earliest days of capacitor 
manufacture, though it is always used in conjunction with an impregnant 
such as oil, petroleum jelly, wax, or a synthetic compound having suit-
able properties. It is uniquely suited to the manufacture of capacitors, 
since it can be made in long lengths of any suitable width, an4 may 
readily be rolled with foil interleaving to form a capacitor having any 
given value. 

Construction 
Paper dielectric capacitors are normally made by winding from reels 

of the tissue and reels of metal foil on to a small-diameter former of 
suitable length, sufficient paper and foil being wound to give the 
required capacitance; at appropriate intervals terminating lugs are 
inserted, these lugs making intimate contact with the foils. With 
winding complete, the wound capacitor is dried, impregnated, assembled 
into a protective case, terminating wires attached to the lugs and the 
assembly finished off. 

Capacitors employing metal-foil conductors are never wound with less 
than two dielectric tissues between foils, the reason for this being that no 
dielectric tissue is perfect, there being many small discontinuities and 
conducting particles along its length. To wind a capacitor with a 
single tissue would inevitably lead to either a complete short-circuit or 
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to an extremely low breakdown voltage, and to obviate this two di-
electric tissues are used, since it is considered unlikely that the dis-
continuities or conducting particles in the respective tissues would 
coincide. By this means a satisfactory capacitor can be made., For 
higher-voltage operation the number of dielectric tissues may be 
increased, and up to five or even six are used commercially. 

It may thus be stated that so far as the working voltage of a paper 
capacitor is concerned, one of the papers must always be considered to 
be a short-circuit. As proof of this, the breakdown voltage of a 
capacitor wound with three tissues is approximately double that of a 
capacitor with two tissues. This effect does not, however, hold for the 
dielectric properties of the capacitor, and the capacitance will be 
strictly dependent on the overall thickness of the dielectric. 

Single dielectric tissues may be used if metallizing is employed for the 
electrodes instead of metal foils, since the thickness of the metallizing 
film is such that in those areas where .conduction occurs sufficient energy 
is fed in to cause the metallizing to be vaporized around the conducting 
particle or gap, and the breakdown cleared. Due, however, to the 
inherent weakness of a single tissue, breakdowns can occur at any timo 
during the operating life of the capacitor, with the result that pulses of 
current are caused to flow, and in many circuits would be undesirable, 
there is also a small fall in capacitance due to a reduction in electrode 
area whenever a breakdown is cleared. 
For low-voltage D.C. operation, two or even three paper tissues may 

be used, increasing to up to five or six papers for voltages of a few thousand 
volts, but for higher voltages it is necessary to series-connect numbers of 
capacitors, the voltage dividing according to the number of series 
sections. It is essential to ensure that the potential across any one 
section does not exceed its rating, and series connected capacitors are 
therefore individually measured for insulation resistance, all the 
capacitors in a series stack being matched to within ± 10 per cent of 
each other. In the case of high-voltage A.C. operation, series stacks 
will also be necessary, but the voltage across the stack will divide 
inversely in proportion to the capacitance and not to the insulation resist-
ance. Because of this, the sections are matched for capacitance to within 
limits of ± 10 per cent of each other, so that again the voltage across 
each section is kept within the specified limits. These methods of series 
connection apply essentially to the capacitor manufacturer and not to 
the user, who, if he has a large number of individual finished and sealed 
capacitors and wishes to connect them in series -so as to operate at a 
higher D.C. voltage, must use bleeder resistors across each capacitor, 
the resistance of the bleeder chain being low in comparison with the 
insulation of the capacitors; there is then no fear of the voltage distribu-
tion being such as to become excessive across any one section. 
Similarly, for A.C. operation the user must measure the capacitance of 
each capacitor and grade them so as still to maintain a voltage across 
each section, which is within the specified rating. 
The smaller types of paper tubular capacitors as used in radio and 

television receivers have tin-lead lugs inserted when the capacitor is 
being wound, the lugs making contact with the respective foils. Wires 
are then soldered to each lug and the capacitor vacuum dried and 
impregnated and fitted into its protective tube, which may be made. of 
either metal, bakelized paper or cardboard, and sealed off, the capaci-
tor being then complete. 
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TABLE 1.—DIELECTRIC PROPERTIES OF IMPREGNAN'TS 

Impregnara 
Melting 
Point 
(° -C.) 

Power 
Factor 

Insulation 
Resiet-
tance 

(M111µF) 

For Impregnated Paper 

Petroleum jelly 
Hydrocarbon wax 
Chlorinated wax 
Transformer oil 
Chlorinated oil . . 
High-viscosity mineral oil 

40 
50-80 
90-130 

0.003 3.8 10,000 
0.003 3.8 5,000 
0.005 5-4 1,000 
0-003 3.8 10,000 
0-003 3.4 10,000 
0.003 3.8 10,000 

With larger capacitors it is necessary to wind in several lugs, '-.inch are 
connected together- so as to reduce the &intact resistance with ths foil, 
and thus obviate high power factor and at the same time improve the 
current-carrying capacity of the lugs, this latter point being of great 
importance in the case of A.C. operation, where appreciable currents 
may flow. This method of termination is also necessary for pulse 
operation, where the capacitor may be charged and discharged rapidly; 
though in many cases, to reduce the resistance of the lugs even further, 
the foils, themselves are extended beyond the edges of the dielectiic and 
contact made direct to them. 

Petroleum jelly or a wax impregnant is invariably used on the smaller 
types of capacitors, particularly those in a waxed-paper or -cardboard-
tube construction, since at the temperatures obtaining in domestic 
receivers the impregnant is still a solid and does not flow. Petroleum 
jelly is also used extensively for larger capacitors in in otal-can construc-
tion, though oil is coming into more general use, posticularly for higher 
voltages, since voids which might cause ionrcation are obviated. 
Special viscous oils, both mineral and synthetir„ have been produced 
in recent years, and have done much to increase the voltage ratings and 
reliability of capacitors. 
The electrical properties of paper dielectric capacitors are dependent 

mainly on the impregnant which is used, and for convenience their 
properties are classified in Table J. The important features for the 
small types as used in radio and television are the capacitance and insula-
tion resistance, whilst for A.C. operation ,particularly for power-factor 
correction) the power factor must also be included, since a high power 
factor will mean excessive dissipation, causing a temperature rise which 
may ultimately lead to deterioration of the impregnant and breakdown 
of the dielectric. 

High-temperature operation will also affect the insulation resistance 
of the dielectric, the resistance approximately halving for each 10° C. 
rise in temperature. This is clearly indicated in Fig. 3. 
The importance of this fall in IR becomes more apparent when the 

curve is examined closely, as it may be seen that a capacitor having an 
insulation of around .50,000 Ml) at 20° C. will have an insulation of 
only 200 Mil at a temperature of 100° C., and if used as a coupling 
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capacitor between the anode and grid. of two valves in an amplifier 
stage, the operating characteristics of the valves are likely to be changed, 
possibly with some detrimental effect. 
As a direct result of the fall in insulation resistance, the breakdown 

voltage of the dielectric is also reduced, and for that reason capacitors 
intended to operate at high temperatures are always derated, an example 
of a derating for a particular dielectric being 500 volts working at 71° C. 
and 350 volts working at 100° C. Temperatures of the order of 100° C. 
are unlikely to be met in domestic equipment, but are frequent in 
Service equipment, where physical size is frequently limited and 
ventilation may not be possible because of sealing of the complete 
equipment. 

Interference Suppression Capacitors 
Capacitors required for suppression of interference from electrical 

equipment have particularly rigid requirements, since not only must 
there be a large safety factor 
against breakdown of the di-
electric, but the insulation 
resistance should also be very 
high and the series inductance 3 
as low as possibk. ror this 
reason many suppressor capaci-
tors are constructed with the 
foils extended at each end 
instead of having lug termina-
tions. In this way the in- â 2 
ductance may be kept to a 
minimum. The importance of u 
the series inductance is in- z 
dicated in Fig. 4, which gives wo 
the impedance of a typical G-

I 
capacitor over a range of 
frequencies. 
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As many suppressor capacitors are required to be of small size and 
have to be fitted into electrical equipment, such as motors, which 
operate at a high temperature, the impregnant used is usually a 
chlorinated hydrocarbon which has a higher K than petroleum jelly or 
mineral wax and gives an increase of approximately 30 per cent in 
capacitance. The melting point is also high, being no less than 90° C., 
so that therè is little likelihood of the impregnant seeping. 

Tropical Requirements 

Mention has already been made of the smaller types of paper 
capacitors in tubular construction, large numbers of which are used in 
domestic receivers and other small electrical apparatus. The capacitance 
values required for these applications, as well as the voltage ratings, 
enable capacitors of small size( to be employed. The protection may be 
relatively cheap, and will usually consist of a thick paper or cardboard 
tube, the whole assembly being impregnated in wax, with an additional 
covering of wax.on the outside. 
For tropical use, where temperatures and humidity are high, or where 

greater reliability is required, as for example in equipment for the 
Services, marine radar, aircraft, etc., an improved protection becomes 
essential. Experience has shown that wax-protected capacitors will 
fail due to the ingress of moisture, the wax absorbing moisture from the 
atmosphere, which gradually penetrates, and ultimately causes a fall in 
insulation resistance, leading to breakdown. An improved method of 
sealing, capable of withstanding extreme humid conditions, may con-
sist of a metal tube with synthetic-rubber end seals, these being either 
bungs or corks tightly spun into the ends of the tube: an alternative 
construction may consist of a rubber-and-bakelite laminate in the form 
of a disc securely fitted at each end of a metal tube. 
Where the highest insulation resistance is required, the seals may be 

made of glazed ceramic discs, metallized and soldered into position. 
Even better results have been achieved recently by the use of P.T.F.E., 
which may be operated at temperatures in excess of 100° C. and which 
has outstanding water-repellent properties. Ceramic terminals of 
various shapes and sizes are also used on larger metal-box capacitors, 
and are gradually replacing the moulded bakelite terminals which were 
standard for many years, the bakelite failing under the extreme humidity 
conditions called for in current specifications. 

Smoothing Capacitors 
For smoothing D.C. supplies of perhaps 250-50,000 volts, capacitors 

are assembled in metal boxes with terminals, the construction of the 
box varying according to the size of the capacitor; with small capaci-
tance, low-voltage types, the case may be made of tinned iron folded 
and soldered to shape with integral mounting feet. With higher 
voltages and capacitances having a large bulk, heavy-gauge iron is used 
for the containers: for radio transmitters, where capacitors having a 
volume of several cubic feet may be used, metal tanks are employed, 
these being for either floor mounting on castors or for fitting into suit-
able racks. The smaller-capacitance, high-voltage types as used for 
E.H.T. smoothing in television receivers are fitted in bakelite or other 
plastic cases having a tubular construction so as to increase the leakage 
path and prevent flash-over. 
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Very large numbers ofhepacitor8 are also employed for power-factor 
correction of a reactive load, so as to reduce the load on the- incoming 
mains and at the same time to reduce the operating costa of the equip-
ment. Power-factor-correction capacitors may vary in size from small 
tin boxes necessary for a few VA, as for instance in fluorescent-lighting 
equipment, up to large oil-filled tanks having a volume in excess of 
50 cu. ft. and operating on loads of 250 kVA. 
A development of recent years has been the use of capacitor discharges 

in gas tubes to produce high-intensity, short-period flashes for photo-
graphic work: capacitors for this application have a somewhat high 
voltage rating for the dielectric, and an iznpregnant having a higher s is 
used. These factors combine to give a large capacitance suitable for 
operation at 2 or 3 kV D.C. yet having relatively small bulk. 
Development work on the production of capacitors having increased 

voltage ratings, higher operating temperatures and smaller volume are 
continuing, though in some cases equipment manufacturers' require-
ments are mutually contradictory. 

W. I. F. 

MICA CAPACITORS 

Mica is a mineral which occurs in various parts of the world and, of 
the several varieties known, that called Muscovite has the best electrical 
properties from the point of view of capacitor manufacture. The beet 
Muscovite mica is found in Bengal. 

Construction 

A characteristic of mica is that it may be readily split into thin, uni-
form, flexible sheets, and these, in thicknesses ranging from 0-001 to 
0-003 in., are used as dielectric in capacitors. Thumica sheeteeie cut to 
shape, usually rectangular, and may be used singly with a metal foil as 
electrode on each side or, to achieve larger capacitance values, several 
sheets may be stacked with metal foils inserted between each layer, 
alternate foils projecting from opposite sides of the stack for connection 
to the terminal wires. 
In the silvered-mica capacitor the electrodes comprise thin layers of 

silver fired on and firmly adhering to the mice sheet. Here also single 
mica sheets or multiple layers may be used. 

Contact with the silver layer is made by inserting metal foils to which 
the terminal wires are welded or soldered, or the terminal ,wires are 
sometimes attached to the silver layer by soldering or sintering. 
The capacitor element is enclosed in a protective casing, which 

usually consists of either a phenol—formaldehyde resin moulded directly 
on to the element or" a layer of micro-crystalline hydrocarbon wax 
applied by dipping. ' These finishes provide insulation and protection 
against atmospheric moisture. Sometimes the mica capacitor element 
is finished with a coat of enamel only, which resulta in economy of space 
but gives only a poor degree of insulation and protection against 
humidity. The maximum resistance to humidity is attained in a 
relatively recent range, in which the elements are embedded in a thermo-
setting resin of the epoxy type. 



CAPACITORS 29—Is 

Properties 
The mica capacitor has inherently high insulation resistance and low 

power factor, although these properties may be modified by atmo-
spheric humidity and by the container or coating compound used to 
insulate and protect the element. 

Silvered-mica capacitors have good capacitance stability and a small 
positive temperature coefficient (about 30 x Wei° C.). 
The power factor of good-quality mica is about 0-0003, and this is 

maintained at radio frequencies: thus mica is a good dielectric for 1180 
in radio-frequency tuned circuits where high Q values are required and 
where largè amounts of power are handled. For radio-frequency current 
ratings greater than 100 mA, the thin electrodes of the silvered mica are 
usually unsuitable, and the foil electrode is preferred. The foil-type 
capacitor can be made as stable as the silvered mica by suitable 
clamping, but this increases the size considerably. 
A single mica element should never be operated on A.C. at a voltage 

greater than 250 volts r.m.s. If the applied voltage is appreciably in 
excess of this value a very marked increase in power factor will occur, 
due to the ionization of air which cannot be completely removed from 
the mica sheets. This applies even to units having a high D.C. voltage 
rating of, say, 1,000 or 2,000 volts. 
To cater for high A.C. voltages a number of capacitor elements are 

connected in series so that no element is subjected to more than 250 volts 
r.m.s.; transmitting-type capacitors designed to operate at large radio-
frequency voltages are built on this principle. 
The inductance of a mica capacitor is usually small: of the order of 

0.01-0-02 1£1-1 for the small types used in radio receivers. 

Applications 
Mica capacitors in capacitance values ranging from 50 to 5,000 pF 

are commonly used in radio receivers for coupling and decoupling in 
radio-frequency stages and for padding and tracking in tuned circuits, 
silvered micas being mostly used because of their smaller size and their 
stable properties. 

In radio transmitters the mica capacitor plays a very large part. It 
handles very large powers, and the high values of current and voltage 
involved are allowed for by suitable series—parallel arrangements of 
elements. Frequently air blast or oil cooling is employed. 

Special Types 
A type of mica capacitor of special importance in ultra-high-frequency 

circuits is the disc-type lead-through capacitor. This consists of a stack 
of mica rings interleaved with foil ring electrodes, the latter projecting 
alternately on the inside and on the outside of the mica rings. Tho 
inner projecting electrodes are connected to a conductor passing axially 
through the centre, while the outer projecting electrodes are connected 
to the case, which is arranged for connection to a metal plate, such as a 
chassis or screen. Such a capacitor is most useful for de-coupling at 
high frequencies, because it has no measurable inductance and appears 
to be quite free from the resonances which mar the performance of paper 
dielectric capacitors of the lead-through type. Capacitors of this type 
have proved very successful for decoupling radio-frequency stages of 
television receivers, and for interference suppression on D.C. rotary 
generators and D.C. or universal motors, where they can form the actual 
terminals inserted in the frame of the machine. 
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Future Trends 
Future developments are likely to be confined to improving the 

methods of protecting these capacitors by means of new resins and 
plastics and improvements in the technique of using these materials. 
Mica has been synthesized on a small scale in the laboratory, but the 
process is very expensive. 'It seems most unlikely that this process will 
be developed to the state where synthetic mica could compete with 
the naturally occurring mica, or with other synthetic dielectrics. 

J. H. C. 

CERAMIC DIELECTRICS 

Ceramics are perhaps the most interesting of the dielectrics in use 
today, and a wide variety of different types are available, each having 
properties suitable for particular applications. For convenience 
they may be classified under two broad headings, these being the low 
dielectric constent (low K) types and those having high dielectric 
constant (high x). 

Low K Types 
Among the useful properties of the low K types there is a wide range 

of dielectric constants varying from 6 to a figure of around 260 and power 
factors at radio frequency of approximately 0.0001, though this figure is 
greater at low frequencies. There are also wide variations in the 
temperature coefficient of capacitance, varying from positive 120 parts/ 
million /0 C., to negative 3,000 parts/millionr C. These properties may 
be used for stabilizing tuned circuits, and particularly oscillator circuits, 
where there would otherwise be a shift in the resonant frequency due to 
temperature variations (see Section 14). 

High K Types 
Whilst the low K types are used essentially for coupling and tuning 

of radio-frequency circuit's, the high K types are intended for decoupling 
purposes, the very high dielectric constant of between 1,400 and 3,000 
permitting a large capacitance to be obtained in a small volume. • Power 
factors in the range of high-K dielectrics are apprebiably greater than 
those of the low-K' dielectrics, but since for decoupling purposes 
relatively small powers are handled, this is no disadvantage. 

TABLE 2.—COLOUR CODE FOR CERAMIC CAPACITORS 

Colour 

End Colour 
(Temper- 
ature Co- 
efficient) 

1st Dot 
(1st Sig- 
ni nt 
Figure) 

2nd Dot 
(2nd Sig- 
nifteant 
Figure) 

3rd Dot 
(Multi 
plier) 

4th Dot ( Tolerance) 

10 pF or 
Less 

More than 
10 pF 

Black. . 
Brown . 
Red . . 
Orange . 
Yellow . 
Green . 
Blue. . 
Violet . 
Grey . . 
White . 

NPO 
21030 
NO80 
21150 
21220 
21330 
21470 
N750 
P030 
P100 

0 
1 
2 
3 
4 
5 
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8 
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o.
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 O
 1 

10 
100 

1,000 
10,000 
— 
— 
— 
0-01 0.1 

± 2-0 pP 
*01 pli` 
— 
— 
— 

± 0.5 PP 
— 
— 

±015 pP ±1.0 pP 

± 20'Y 
± 10%, 
± 2% 
± 2-2% 
— 

± 0% 
— 
— 
— 

± to% 
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TABLE 3.—PROPERTIES OF CERAMICS 

Basic Material 
Trade 
Names PC 

Power 
Fader . Temp. Coeff. 

Clinoenstatite Frequentite 6 0-0005 -I- 120 x 10--°/' C. « 
Frequelex 
Calit 

Magnesium 
titanate 

Tempradex 
Tempelex 

14 0.0001 -F 100 x 10-6 /° C. 

Ternpa S 

Rutile Faradex 90 0.0003 — 750 x 10-°/' C. 
(Titanium 

dioxide) 
Bermelex 
Conda C ' 

Strontium 
titanate 

— 260 0.0005 —3,000 x 10-ei° C. 

Barium titanate — 1,400 0.01 — 

Barium-strontium 
titanate 

— 3,000 0.02 — 

Ceramic dielectrics, together with their properties and trade names, 
are listed in Table 3. 

Ceramics for Radio-frequency Operation 
Table 3 shows that titanium dioxide and magnesium titanate have 

exceptionally low power factors at radio frequencies, and for this 
reason are used very extensively in transmitters and dielectric heating 
oscillators. A favoured design is to make the capacitors in the form of 
hollow tubes so that they may be air cooled by either convection or air 
blast. . In many cases the capacitors are cooled in the same air blast as 
is used for air-cooled transmitting valves, enabling a compact and 
economical design to be achieved. 

Capacitance values of 100-4,000 pF are included in the range of 
transmitting-type capacitors, enabling radio-frequency working loada 
of 25-300 kVA to be handled. When necessary, numbers of these 
capacitors may. be connected in series or parallel or series-parallel to 
eve an increased loading. In many transmitterà and dielectric heaters 
a total of thirty or forty capacitors may be connected in series-parallel. 
Titanium dioxide, apart from having a low power factor, is also 

frequently used for temperature-compensating purposes. It"possesses 
a temperature coefficient of capacitance of negative 750. Where, due 
to circuit limitations, only a very small capacitance can be used—as, 
for example, in the oscillatory circuit in a television receiver—then 
strontium titanate with a temperature coefficient of negative 3,000 may 
be used. • Where a temperature coefficient intermediate betwedn these 
figures or even lower than negative 750 is required, then a combination 
of the 3,000 material with either other ceramic dielectrics or silvered 
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micas may be employed, two capacitors being connected in either series 
or parallel, the combined temperature coefficient being modified to 
suit each particular case. 

Ceramic capacitors for use in receivers are made in a wide variety of 
shapes and sizes, the shape of the dielectric body being chosen for its 
suitability for the particular capacitance, voltage rating and temper-
ature coefficient, and amongst shapes in current use are tubes, discs, 
cups, rods, and pearls, each shape being made in a range of varying sizes. 

Silvering 
The electrodes of ceramic capacitors are usually of silver. The silver 

is deposited by painting, spraying or printing a solution of silver oxide 
in an organic base on to the dielectric body, which is then fired at a 
temperature of around 700° C., the oxide being reduced to metallic 
silver. Where heavy currents are likely to flow, as in transmitting types, 
then the silvering process may be repeated so. as to give a heavier coat-
ing. The adhesion and quality of the electrodes are largely dependent 
on the quality of the silver solutions, on the use of the correct solution 
for a particular dielectric or body shape, and on the clennliness and care 
in processing. For special purposes additional electro-plating may be 
carried out, so as to increase the thickness of the layer, and plating with 
metals other than silver has also been done to a limited extent. 

After silvering, terminating wires .are attached, wherever possible a 
mechanical joint being made; this is then finished off by soldering. ,In 
the case of disc-type capacitors, where a mechanical joint cannot be 
made, then greater care is required in silvering and soldering of the 
terminating wires to ensure a robust termination which will not, fail 
under normal handling or during the tensile tests which may be smicified. 
Where a close tolerance of capacitance is required, adjustment of the 
silvered area may be carried out by suitably grinding away the silver, 
care being taken not to leave discrete islands, since this may give an 
unstable capacitance with a high power factor. 
Tubular ceramics having wire terminations have been in use for a 

large number of years. Their popularity is largely due to the fact that 
the ceramic bodies may be produced by means of an extrusion process, 
whilst the silvering and attaching of terminating leads may be done 
with the aid of automatic machinery, enabling an economic design to be 
achieved. Capacitances from a few to several thousand pica-farads are 
included in this construction, the capacitance being dependent on the 
dielectric constant of the material, together with the dimensions. 
Tube diameters vary from 3 to 6 rara., andlengths from 10 to 30 mm. 

Disc-type Construction 
Discs in low-K material do not normally exceed 50 pF, the cup shapes 

extending the range to 100 pF. For very small values of the order of 
0.5 pF to 10 pF, solid rods of a ceramic material of varying diameter and 
length are employed. These aro referred to as " pearls ", and are in 
effect very short rods. Ceramic discs of high-K material are now in 
general use, and permit capacitances of 1,000 pF to be obtained on discs 
no greater than in. in diameter and ¡If in. thick, yet capable of 
operating up to 500 volts D.C. The range may be further extended up 
to capacitances of 0.01 I.tF on discs of approximately 1 in. in diameter. 
The relatively high power factor (about 2 per cent) is not generally 
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of importance for decoupling purposes, with the result that high-ic 
ceramic capacitors are widely used for de-coupling at radio frequencies 
of 40-70 Mc /s, as well as at intermediate frequencies of between 18 and 
35 Mc is. They take up little space and, by virtue of their construction, 
have a low series inductance. The disc type is preferred to the tubular 
type because of the lower inductance. For use in television tuners and 
converters ' operating at 200-400 Mc /s a co-axial tubular construction 
becomes necessary, consisting of a ceramic tube having an inner and 
outer conductor, the inner conductor usually being taken right through 
so as to act as a feed-through, whilst the outer electrode has a flange 
intended to fit into a hole in a chassis. By this means the series in-
ductance is reduced to the lowest possible value and decoupling efficiency 
maintained at ultra-high-frequencies. 

Protection against humid conditions is normally done by painting the 
capacitor with a suitable lacquer or coating with wax, or even combinir g 
both processes. Where a tougher, more robust protection is required, 
capable not only of withstanding humid conditions but also of prevent-
ing breakdown between the capacitor and a metal chassis, then a 
phenolic resin coating is used. After curing, this is impregnated in wax. 
The necessity for protecting ceramic capacitors against humid condi-

tions is because a film of moisture across the capacitor will have the 
effect of lowering the insulation resistance and increasing the. power 
factor. Where the best possible performance is required it is usual to 
dry the capacitor thoroughly, vacuum impregnate it, then seal it in a 
protective tube having water-repellent end seals. 

CERAMIC TRIMMERS 
Ceramic materials have been used with success in the manufacture of 

trimmer capacitors of the pre-set type. These consist of flat silvered 
discs, the silvering being semicircular in area; by suitably adjusting 
the overlap a variation in capacitance is achieved. In the smaller types 
the minimum and maximum capacitance varies from 2-7 pF, increasing 
to 20-120 pF for the largest sizes. Materials having temperature 
coefficients of + 100 and — 750 are used, being chosen for particular 
circuit applications. 

For ultra-high-frequency operation, even smaller capacitance 
trimmers are required; ceramic materials have again proved to be most 
suitable for this application. Small tubular bodies threaded internally 
are favoured, the centre screw acting as the inner electrode as well as for 
mounting the capacitor on the chassis, the outer electrode being a 
conventional silvered area with a wire or tag termination. In these 
types capacitances of 0-5-3, 1-5 and 3-9 pF will generally cover the 
requirements for 200-400 Mc/s operation. 

ELECTROLYTIC CAPACITORS 
The principle of the electrolytic capacitor has been known for close on 

a hundred years, though it. is only during the last twenty-five or thirty 
years that practical use has been made of this knowledge and reliable 
capacitors produced. Mkt outstanding feature of the electrolytic capaci-
tor is the large capacitance which can be obtained in a given volume, 
particularly at the lower operating voltages. This large capacitance is 
brought about because the dielectric, unlike paper or mica, is formed on 
the surface of the positive electrode, which is usually aluminium, and 



29-16 RADIO AND TELEVISION REFERENCE BOOK 

consists of an extremely thin oxide film, the thickness of the oxide film 
being proportional to the voltage used in forming the film. 
An oxide film may be formed on aluminium if the aluminium is made 

the anode of an electrolytic cell containing a solution of ammonium 
borate and the cell connected to a D.C. supply. When first connected 
td the supply, a current will flow which is limited only by the resistance 
of the cell and the voltage source. The current flow will then diminish 
to a low value until a stable condition has been reached, and it is the 
formation or build up of the oxide film behaving as a dielectric that 
causes the current to fall. • The oxide film is produced by oxygen com-
bining with the aluminium, the oxygen having been liberated by 

electrolysis. 
Since the'thickness of the dielectric film is proportional to the forming 

voltage used during manufacture, the capacitance per square inch of 
foil will be inversely proportional to this forming voltage, and hence 
capacitor size will vary with rated working voltage right down to a 
rating of 6 volts. This is unlike the paper dielectric type, where no 
reduction in capacitor size is obtainable for ratings below about 150 
volts, because the paper used for this voltage is the thinnest available. 
It should be noted, however, that once the manufacturing process is 
complete the capacitance of an electrolytic capacitor shows only a 
negligible change with applied voltage, provided that this does not exceed 

the rated voltage. The nature of the oxide film merits some thought, since it is so thin 
as to be virtually transparent, and in many cases can only be detected 
visually by the presence of interference colours, and from the appear-
ance of these interference colours the thickness of the film may be 
determined. itirdielectric constant is around 8.6, and bearing in mind 
that the capacitance of a parallel-plate capacitor is inversely proportional 
to the thickness of the dielectric and also that the dielectric constant 
of the oxide film is appreciably greater than that of paper, it will be 
readily understood how the electrolytic capacitor can have such a large 

capacitance for its volume. 
,It was early realized that if the area of the aluminium foil could be 

increased artificially, then an even greater caRecitance per unit volume 
could be obtained, and various methods were developed to achieve this 
object, amongst them being mechanical roughening of the aluminium 
foil, chemical etching and electrochemical etching, and it is these latter 
two methods that are mainly in use to-day. The increase of capacitance 
by increasing the surface area of the foil is applicable to the electrolytic 
capacitor because the ogide film is so thin that it readily follows the 
contours of the anode, and the electrolyte, which is the true cathode 
and is semi-liquid, is also able to follow the contours and therefore make 
contact over the whole area. An interesting point that arises with 
etched electrodes, again confirtning that the oxide film varies in thick-
ness according to the formatioz} voltage, is the fact that etched foil 
anodes formed to a low voltage may have a ratio of capacitance as com-
pared to plain foil of up to 10 to 1, whereas if the same foil is formed to a 
high voltage the ratio falls to between 3 and 4 to 1. This is explained 
by the fact that the thin oxide film follows the contours accurately, 
whereas the thicker oxide film bridges the ,smaller gaps or valleys, and 
thereby reduces the surface area. This effect is also shown in the 

accompanying diagram, Fig. 5. 
A further method of obtaining a large capacitance per unit volume is 
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HIGH VOLTAGE OXIDE FILM 

SURFACE OF ALUMINIUM LOW VOLTAGE OXIDE FILM 

FIG. 5.---ETCRED.VOIL CROSS-SECTION SHOWING LOW- AND HIOR 
VOLTAGE OXIDE FILMS. 

to spray aluminium on to paper or gauze so that an extremely rough 
surface having a large area is obtained, and by this means an increase in 
capacitance in comparison with plain foil of 12 to 1 may be obtained. 
The problems involved in spraying the aluminium are, however, con-
siderable, and for some years reliability was doubtful, though it has 
now been improved and is comparable with etched-foil eléctrolytics. 

Early types of electrolytic capacitors were essentially wet or aqueous 
types, the electrolyte being a liquid necessitating upright mounting, 
and though these wet types were popular for many years, they were 
ousted by the modern dry types, since not only were they more con-
venient to handle, but the electrical performance was improved, the 
power factor, particularly, being better and enabling higher ripple 
currents to be passed. Furthermore, the capacitance per unit volume was 
far greater than could be achieved with the wet types, and as a result 
the wet types are not now manufactured. 

Manufacture 
The first process in the production of electrolytic capacitors is to 

produce an oxide film on the surface of the aluminium foil which is to be 
the positive electrode. This is done by running a continuous length of 
foil through a number of tanks containing electrolyte and applying a 
positive voltage to the foil. A heavy current flows when the foil is 
first immersed in the electrolyte, the current .gradually falling until a 
suitably low figure is reached. The foil is then removed from the last 
forming tank and re-wound. The purpose of using a number of tanks 
is to grade the applied voltage so that the current at no time will be so 
great as to fuse the foil, and for convenience the various tanks are 
arranged to have an increasing negative potential, the foil being the 
common positive. 
The general form of a dry electrolytic capacitor is very similar to that 

of a paper dielectric capacitor, two aluminium foils (the positive foil 
having an oxide film) are interleaved with paper or other suitable 
materials and wound into a cylindrical form, lugs are brought out, and 
the capacitor impregnated in a suitable electrolyte containing ammonia 
in combination with bono acid and either ethylene glycol or glycerol. 
The paper or other separators us.ed are more absorbent than is, 

normal for paper dielectric capacitors, since in the electrolytic capacitor 
the function of the paper is mainly to hold in suspension the electrolyte, 
wincn is the true cathode of the capacitor, the negative «foil being 
convenient for making contact with the electrolyte. 

Connections to the foils are usually made by bolding back a ¡trip of 
the foil, which may be riveted direct to the tag terminations, though 
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with the thicker foils used for etched-foil capacitors an alternative 
method is adopted, consisting of sewing lugs to the foils, the sewing in 
this case being done, not with the aid of cotton or aluminium wire, but by 
bursting a series of holes through the lug and foil and hammering over. 
Hammering of the joint is important, as it is essential to completely 
break up the oxide film on the surface of the foil so as to ensure an inti-
mate contact between the aluminium surfaces. If this oxide film was 
not broken up, then a high-resistance connection or possibly a complete 
electrical disconnection could occur, even though mechanically the joint 
would appear to be sound. 

Following winding and attaching of the lugs, the capacitors are 
impregnated in an electrolyte which is suitable for the particular working 
voltage. Various methods of impregnation are in use, amongst them 
being soak, vacuum and centrifugal impregnation. In all cases the 
main object of impregnation is to force the electrolyte into the fibres of 
the paper separators 80 as to be in suspension between the foils, and 
in that way give a low resistance path. Poor impregnation will give 
high P.F., poor low-temp- rature performance and possibly low capaci-
tance. The capacitors are then ready to be assembled in their cases, which 
are usually of aluminium and may be tubular or can types with rubbr • 
or bakelite ends. 
Due to handling of the formed foil, some damage is caused to the 

oxide film, which must be repaired before the capacitor can be con-
sidered suitable for incorporating into electrical equipment. There are 
also cut edges on thefoils where luge have been attached, as well as at 
'the ends of the positive foil, whew it has been out from the reel, and these 
cut edges require to have an ox i _e film formed on them. This forma-
tion, as well as the necessary repair. to the oxide film mentioned pre-
viously, is done by applying the working voltage to the capacitor 
through a resistance of such a value as to limit the current and prevent 
over-heating; this process is -knowb as ageing or re-forming. The 
time required for ageing or re-forming will vary according to the 
capacitance and ¡working voltage of the capacitors, and for low-voltage 
types me take only 1 to 2 hours, whereas for high-voltage types, 12 to 
24 hours will be required. The main limitation in ageing is to ensure 
that excessive heat should not be developed internally due to the wattage 
generated by the flow of current. Excessive heating has the effect of 
increasing the leakage current, the increased leakage current generating 
a further temperature rise, which again will cause the current to increase, 
the result of this vicious circle being to cause an excessive generation of 
gas, with the possibility that the internal pressure may rise to such an 
extent as to cause the end discs to be blown out, Fig. 6. In many 
cases where high-voltage, high-capacitance electrolytic capacitors have to 
be aged, this process is d ne before final sealing of the container has 
been carried out and a high internal pressure obviated. 
To prevent excessive preseure causing a dangerous condition when the 

capacitor is in use, it is usual for the larger types of electrolytic capacitors 
to have a vent or a weak spot which can give way should the internal 
pressure become excessive. The increase in leakage current, which is 
clearly indicated in Fig. 6, limita the maximum operating temperature 
of electrolytic capacitors, but whereas a few years ago maximum 
temperatures of 50° and 60° 0. were specified, operating temperatures 
of up to 85° C., and even 106° C.,-are now becoming usual for Services 
e quipment. 
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FIG. 6.—TYPICAL LEAKAGE 
CUBRENT-TEMPERATURE CURVE 
TOR CAPACITOR SUITABLE FOB 

OPERATION AT 85° C. 
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FIG. 7.—TYPICA.I. LEAKAGE 
CURRENT-VOLTAGE CURVE HOR 
CAPACITOR RATED AT 600 VOLTS 
D.C. WORRINQ 800 VOLTS 

Sumac. 

When the leakage current falls to a sufficiently low figure the capacitor 
is tested, the tests consisting of a measurement of leakage current at the 
working voltage, and a measurement of capacitance and power factor. 

Typical values of leakage current would be: 

8 it•F 350 V 0-4 inA 
8 e 450 V 0-5 mA 

32 µF 450 V 2mA 

with other capacitances and voltages being in proportion, though for 
the very large capacitances, such as 100-200 µF, a lower rate of leakage 
current is adopted. A convenient guide for calculating the permissible 
lenkage current for plain-foil electrolytics is: 

0-15C V in µA 
and 0:05CV in µA for etched foil. 

where C ---- capacitance, in µF; and V. = working voltage. See also 
Fig. 7. 
Due to the nature of the oxide filin the capacitance tolerance of 

electrolytic capacitors is wider than that which is usual for paper 
dielectric capacitors, and for low-voltage types a tolerance of — 20 per 
cent 50 per cent of nominal, or even —20 per cent -I- 100 per cent, 
may be used, whilst for high-voltage types the tolerance is invariably 
—20 per cent + 50 per cent of nominal capacitance. 

Surge Ratings 
An examination of Fig. 7 shows that the leakage current rises rapidly 

above the working voltage, and it is this property which is mete use of 
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in the electrolytic capacitor to absorb some of the D.C. current when 
first switching on a radio or television receiver, and thereby prevent 
a dangerous rise in voltage in the receiver. The surge rating of an 
electrolytic capacitor is usually 100 volts above the working voltage for 
high-voltage types and 75 volts for medium-voltage types. 

Re-Forming 
A feature of electrolytic capacitors that is not always recognized is 

that if a capacitor has been in store for a long period the leakage current 
will take longer to drop to its normal value when it is first put into 
circuit than would be the case with a new capacitor or one in constant 
use. Normally this is of no importance unless the storage time has been 
so long that the leakage current does not decrease sufficiently rapidly to 
prevent overheating of the capacitor. Broadly speaking, Capacitors 
should be reformed every twelve months if stored under good conditions. 
Wherever th@ storage is doubtful, as in an unduly high ambient temper-
ature or the tropics, then re-forming must be done more frequently, 
intervals of three to six months being necessary. Re-forming may best 
be done by applying the working voltage to the capacitor in series with a 
resistor of such a value as to limit the initial current to a safe value and 
for an 8-pl', 450-volt capacitor a resistance of 10,000 ohms will be found 
satisfactory. 
The leakage-current figures mentioned earlier should not be regarded 

as an absolute limit for the rejection of the capacitor, and so long as the 
leakage current is still falling at the expiration of, say, 1 hour, then the 
capacitor may be considered as suitable for being put into use. 

Special TIT« 
Though so far we have dealt with polarized electrolytics, for many 

applications a non-polarized type is required, and this is achieved by 
winding the capacitor with two formed foils instead of only one, so that 
either electroLe may be connected to H.T. positive. As two formed 
foils are used, the capacitance is halved, as in effect there are two 
capacitors in series, and to compensate for this it is necessary to double 
the length of each foil. 
An application where non-polarized electrolytic capacitors may be 

used is for H.T. smoothing in a D.C. mains radio receiver, so that no 
harm will be caused by connecting the receiver incorrectly to the mains. 
A similar application may arise where filtering of a 0- or 12-volt supply 
for a car radio is necessary, and where otherwise an incorrect connection 
to the car battery could« lead to failure of the capacitor. There are also 
frequent applications for low-voltage A.C. operation; the limitation in 
this case being that the temperature rise due to the power.factor of the 
éapaeitor should not be so high as to cause overheating. 
A.0 working electrolyticii are also produced for high-voltage working 

where the operating period is very short, and large numbers are 
employed in conjunction with" capacitor start motors ' where operating 
voltages of 100-300 r.m.s. are usual, but in these applications the voltage 
is applied to the capacitor for only a fraction of a second. 

Tantalum 
• Aluminium is only one of many metals which have the property of 
forming a protective oxide filth when made the anode of an electrolytic., 
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cell, and more recently the use of tantalum has been under investiga-
tion, and increasing numbers of tantalum electrolytic capacitors are 
now being produced. The oxide film produced on tantalum is tougher 
and more resistant to damage and corrosion than aluminium oxide, 
with the result that the working life is very much greater and little, if 
any, re-forming is required during storage. In addition, highly con-
ducting electrolytes particularly suitable for operation at the extremes 
of temperature may be employed satisfactorily, and tantalum is used 
where operating temperatures of —50° and + 125° C. are specified. 
The capacitance obtained per unit volume with tantalum is slightly 

greater than that of aluminium, but the maximum operating voltage is 
limited to 150 volts D.C., and for higher-voltage working it becomes 
necessary to connect two or more capacitors in series. 
The most recent development in tantalum capacitors is the solid-

electrolyte type, sometimes called the semi-conductor type. In this 
variety the anode is a porous block made by pressing and sintering 
tantalum powder. This anode is given a dielectric coating of tantalum 
oxide in an electrolytic bath, and it is then impregnated with a solution 
of manganese nitrate, which is subsequently heated until it decomposes, 
leaving a coating of semi-conducting manganese dioxide on the oxide 
dielectric layer. This coating is equivalent to the electrolyte in the 
conventional electrolytic capacitor; finally, a coating of graphite is 
usually applied which serves to make contact with the manganese 
dioxide and is analogous to the negative foil in the conventional type of 
capacitor. 
The great virtue of these capacitors is that they are completely. dry 

and contain no liquid or paste electrolyte, to seep at high temperatures 
or freeze at low temperatures. •Thus operation at very low temperatures 
is possible, the capacitance at — 100° C. being only about 15 per cent 
less than the 25° C. value; while the power factor is rather better at 
—100° C. than at 25° C. The upper temperature limit is 85° C. at 
present, but types suitable for 125° C. are expected in the near future. 
The maximum working voltage which has been achieved so far . is 
60 volts D.C. Owing to the very large effective area of the sintered 
block, these capacitors can be made in very small sizes. 
A limit to the general use of tantalum is its price, due to the relative 

scarcity of the metal, as well as to the difficulty in producing the foil,. 
which is extremely hard and difficult to roll thin. For this reason it is 
unlikely that tantalum electrolytic capacitors will come into general 
use, and it is probable that their applications will be restricted to special 
equ:pinent required for the Fighting Services and for industry, where 
coot is not of prime importance. 

W. I. F. 

PLASTIC-FILM CAPACITORS 

Plastic-film capacitors are generally made by winding metal-foil 
electrodes interleaved with filing of the dielectric material, in exactly 
the same way as paper dielectric capacitors are made. In the ease of 
the plastic film, however, no impregnation is required, except for very 
high-voltage operation. 
With certain of the dielectric materials the film may be made to shrink 

slightly by suitable heat treatment after the capacitor element is wound, 
and this results in a very high degree of capacitance stability. 
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In a recent modification of the plastic-film capacitor the electrodes 
consist not of metal foils but of a very thin layer of metal deposited on 
the dielectric film by chemical deposition or by vacuum evaporation. 
When an electrical breakdown occurs in such a film the metal deposit, 
because it is very thin, evaporates at the point of breakdown and over 
-a small area around it, so clearing the fault. Thus the metallized film 
has a self-healing property, and a single layer may be used in place of 
the multi-layer dielectric normally employed to guard against weak 
spots. This, in turn, leads to a considerable reduction in the size of the 
finished capacitor compared with one of similar rating employing 
metal-foil electrodes because of the fact that the volume of the capacitor 
element is roughly proportional to the square of the dielectric thickness. 
Few plastics have been used as dielectrics, chiefly because of the 

difficulty of producing them in the form of continuous lengths of suitably 
thin film (0.001 in. or less). Cellulose, cellulose acetate and more 
recently cellulose triacetate have been used to a small extent in the 
U.S.A., but these materials have no advantage over impregnated paper, 
except possibly the triacetate, which has good stability at temperatures 
up to 120° C. Polystyrene is the only plastic film which has been used 
to any great extent in the United Kingdom. 
To maintain the excellent electrical properties of these capacitors it is 

essential that they should be hermetically sealed, and to ensure this the 
larger values are housed in rectangular metal boxes with glass or ceramic 
terminals, while the smaller units are contained in metal tubes with 
P.T.F.E. insulators. 

Polystyrene with Foil Electrodes 

The most outstanding characteristic of the, polystyrene film capacitor 
is its extraordinarily high insulation resistance, the value for a 1-µF unit 
being usually greater than a million megohms after 1 iniqute's electri-
fication and after longer periods the value may exceed Ur Mû. As an 
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illustration of the very high insulation figures which can be obtained 
with this dielectric, a 1-µF unit was charged initially to 560 volts, and 
when tested after a neriod of two years it was found to have lost only 
8 per cent of its charge. As with all dielectrics, the insulation resistance 
decreases with increasing temperature, but for a given temperature 
increase the, percentage drop in resistance is appreciably less than with 
other capacitdr dielectrics. The curves in Fig. 8 show the effect of 
temperature change on the insulation resistance. 
When the capacitor elements have been given suitable heat tree-

ment thè capacitance value is very stable and, ei.ren with repeated 
temperature changes, the drift in the capacitance value measured at a 
standard temperature is less than 0-1 per cent. The maximum tempe - 
ature rating for reliable operation is 80° C., and, although operation is 
sometimes permissible up to 70° C., the high stability mentioned above 
may be lost if the temperature exceeds 80° C. The temperature 
coefficient of capacitance lies in the range — 100 to —200 x 10-' per ° C. 
The power factor of this type of capacitor is in the range 0-0002-

0-0005 at all frequencies, and the dielectric absorption is less than that 
of any other known type of capacitor. Dielectric absorption may be 
defined as the percentage difference between the quantity of electricity 
required to charge a capacitor to a given voltage and the quantity of 
electricity given up by the capacitor when it is then rapidly discharged. 
The physical size of these capacitors is rather large, being three to 

four times that of a paper dielectric capacitor of equivalent voltage 

rating. 
The use of these capacitors is indicated wherever very long-time 

constants are needed or a quantity of charge has to be stored with 
negligible leakage. Thus they may be used to measure ionization 
current by allowing the current to flow into the capacitor and observing 
the rate of voltage rise; and the ionization current in a gas may be 
used to indicate the intensity of the radiation from a radioactive material. 
The good capacitance stability and low power factor over the whole 

frequency range render these capacitors very suitable for use as bridge 
standards and for tuned filters where high Q-values are required. In 
the latter application the negative temperature coefficient is useful to 
offset the temperature coefficient of the inductance, which is usually 

positive. 

Metallized Polystyrene 
These capacitors, after suitable heat treatment, have the same high 

stability of capacitance as the foil type, and the capacitance temperature 
coefficient is —80 x 10-4 per ° C. The dielectric absorption is also very 

low, as in the case of the foil types. 
Power factor is rather higher than for the foil type, owing to the 

resistance of the thin deposit of metal, and it tends to rise with fre-
quency. Typical values are 0-0007 at 50 c/s and 0-001 at 1,000 cis. 

Insulation resistance is also somewhat lower in the metallized 
capacitor, owing to the damage to the dielectric which results from the 
self-healing action at weak spots. The value is usually of the order of 
25,000 megohm micro-farads. 
The maximum recommended operating temperature for these 

capacitors is 70° C., and their physical size is comparable with that of a 
paper dielectric capacitor of equivalent voltage rating. 

RR 
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These capacitors are much smaller in size than the foil-electrode type, 
while having a similar capacitance stability, although their power factor 
and insulation resistance are not so good. 
They are used chiefly in tuned filters for carrier-frequency telephony, 

but may also be used to replace paper dielectric capacitors, where rather 
better properties are required and the working temperature does not 
exceed 70° C. 

Xetallized Melinex 

Melinex is the trade name for polyethylene terephthalate, which, when 
used in textiles, ie known as Terylene. This material has great me-
chanical strength and can be processed into films down to 0.00025 in. 
thick. The dielectric constant is 3.2, so that Melinex capacitors can be 
made comparable in size to paper dielectric types. The capacitors at 
present available mostly employ a metallized dielectric, the self-healing 
characteristic of which enables a single 0.00025-in, layer to be used, and 
thus allows a very small unit to be produced. For example, a 1-eF 
metallized Melinex capacitor rated for 150 volts at 125° C. and sealed 
for tropical conditions can be made 11 in..long x in. diameter. 
The insulation resistance of these capacitors is appreciably better 

than that of paper dielectric capacitors, and the power factor is about 
0.005. The maximum permissible temperature for continuous opera-
tion is 125° C., but 150° C. for short spells can be tolerated. 

Polytetrafluorethylene (P.T.F.E.) 

Capacitors having a dielectric of P.T.F.E. film are now available 
and are useful for extra-high-temperature applications, since they may 
be used in ambient temperatures up to 200° C. Unfortunately, capacitor 
sizes are rather large because the dielectric constant is only 2.0, and 
rather greater film thickness is required than with polystyrene or 
Melinex. 
The insulation resistance and power factor are extremely good, the 

values being comparable with those for polystyrene. The tempero tue 
coefficient of capacitance is about — 200 x 10-6 per °C. 

Future Trends 

The electrical properties of the polystyrene film in current use are of a 
very high standard, and it is unlikely that they will be improved upon. 
The maximum permissible working temperature, however, will be in-
creased by the production of polymers of higher molecular weight and 
of modified compounds, such as the co-polymer of styrene and alpha-
methylstyrene, which is at present in the experimental stage. 
Some other new dielectric materials in the experiinental stage are 

high-density polythene (which has a higher melting point than the 
normal polythene), polypropylene (which has similar properties to 
high-density polythene), and polycarbonate, which shows great promise 
and has electrical properties very similar to those of Melinex, although 
its power factor is better and its maximum safe operating temperature 
is very slightly lower. 

J. H. C • 
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Ferrite Circulators 
The Ferranti Ferrite Circulator has the following 
characteristics when used as a duplexer in low 
power radar systems. 
Bandwidth Frequency: 400 Mcis at X Band. 
During Transmission: Isolation transmitter to 
Receiver > 25 db. Insertion Loss transmitter to 
aerial < 0'2 db. During Reception: Isolation 
Aerial to Transmitter > 15 db. Insertion Loss 
Aerial to receiver < 05 db. 

Forth Series 
Transformers 
Since their introduction, Forth Series Resin 
Cast Transformers and Chokes have been 
extensively adopted for airborne and missile 
applications in view of the significant saving of 
weight and volume which can be aahieved over 
conventional types. The range is designed to 
meet inter-service specifications. 

Precision 
Potentiometer* 

The Ferranti range of Precision Potentiometers is 
designed to provide analogue conversion from 
mechanical rotation to an electrical signal. They 
have a wide range of uses in flight simulators, flight 
trainers, airborne flight instruments, computers and 
similar applications. 
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FERRANTI LTD • FERRY ROAD • EDI NBURGH 5 • Telephone • DEAn 1211 
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The transmission of electrical power from one point to another takes 
place, contrary to general opinion, through space, and is accompanied 
by an electromagnetic field. The metallic conductor which is so often 
associated with this transmission serves mainly as a " guide " to the 
field, and the flow of electrons withi it is a coincident phenomenon 
resulting from the cutting of the conductor by the field. In the ele-
mentary stage of instruction it is usual to consider the electrostatic 
component of the field as causing the flow of current, and the current as 
causing the magnetic component, and for simplicity the language of this 
article will be conformed to that viewpoint, whereby much difficult 
mathematics may be avoided. The reader should remember, however, 
that this rather naive view 's not strictly accurate, and breaks down 
when applied to systems which the dimensions are comparable with 
the wavelength: in such cases, either the simplification of" distributed 
parameters" must be adopted or recourse must be had to the funda-
mental propagation equations formulated by Maxwell. 

Fundamental Considerations 

We may consider then that the establishment of a potential diffarence 
in a conductor will cause the flow of current within it, and that tne flow 
of current will generate a magnetic field. Variation of current, which 
will always be accompanied by variation of potential difference, will 
cause variation of the magnetic *field enclosing the conductor. If. 
however, a non-current-carrying conductor also be enclosed by the 
varying field, an e.m.f. will be generated in it by variation of the field, 
and if the circuit be complete, current will flow consequent upon this 
e.m.f. A similar e.m.f. will also be generated by variation of the field 
in the conductor carrying the generating current, and this e.m.f. must 
be considered as connected in series with that generating the current, 
and it will thus modify the current within the circuit. Thus while a 
circuit carrying an invariant current will be subject to Ohm's Law, and 
will pass a current entirely dependent upon. externally applied e.m.f. 
and upon its own resistance, as soon as that current is eauscil to vary, 
the value of current flowing during the period of variation will be a 
function of the magnetic-field configuration in its neighbourhood as well 
as of the other two parametérs; also, during the period of variation. 
any other neighbouring conductor will have generated within it an 
e.m.f., and may, as a result, carry current. 
The relationship between the variation of current within a circuit 

and the resultant e.m.f. generated within it by the *varying magnetic 
field is expressed in terms of a coefficient termed the " self-inductance " 
of the circuit. Similarly, the relationship between the variation of a 
current in a circuit and the induced voltage in a neighbouring circuit is 
expressed in terms of a coefficient termed the " mutual inductance " 
between the two circuits. Both these quantities are measured in terms 
of a unit named the " Henry ", and standard sub-multiples of it in 

30-2 
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frequent use are the milli-henry and the micro-henry. The quantity 
has the dimensions of length, and in fundamental work is often expressed 
in centimetres. The symbol most frequently used for self-inductance is 
" L ", and that used for mutual inductance is " M ", while the standard 
abbreviations for the unit and its sub-multiples are: H (Henry), mH 
(milli-henry), (micro-henry). 

Inductance 

When current flows through a circuit the strength of the magnetic: 
field generated will depend upon the geemAtry of the circuit, and the 
magnetio permeability of the medium in which the circuit is immersed. 
Thus we may write: 

= Kw; 

dçb di 
at 

where the symbols have the following significance • 

e = magnetic flux in maxwells; 
K = magnetic coefficient of circuit; 
= magnetic permeability of medium; 

i =-- electric current in amperes; 
t = time in seconds. 

When the flux varies, the induced e.m.f. may be calculated from the 
following law: 

de 
e = — N x 10-8 

in which the negative sign indicates that the induced e.m.f. is of such 
polarity that it will oppose the current change which induces the change 
of flux, and the additional symbols have the following significance: 

. e ---- e.m.f. in volts; 
N = number of turns in oirouit linked by flux. 

When the variation of flux is caused by variation of the current, it is 
obvious that the following relationship may be written: 

di 
-e = NKµ d—t x 10-8 

In terms of self-i,nductance and of mutual inductance, tho induced 
e.m.f. may be expressed thus: 

di, 
e, — L 

di. 
e, — M. Fit 

in which: 
el = induced e.m.f. in first circuit; 
e, = induced e.m.f. in second circuit 

=- current in first circuit. 
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and from these it becomes obvious that L is the flux per ampere linking 
the first circuit divided by 10 and multiplied by the number of turns, 
while M is the flux per ampere of current in the first circuit linking the 
second circuit, divided by 103 and multiplied by the number of turns in 
the second circuit. A third parameter, known as the coeffieient of 
coupling and usually designated by the symbol k, is defined thus: 

k —  
VL1L2 

and it has a maximum value of unity when all the flux linking one 
circuit due to a current flowing in that circuit links also all turns in the 
second circuit. 

Since the value of M will be the same whichever circuit is designated 
number one, it is obvious that the relationship is reversible thus : 

e, — M 
de 

— 111 —dt 

di, 

and in particular, when two eircuits are connected in series so that the 
same current flows through both of them, the total induced h.m.f. in 
both circuits will be: 

di di di di 
el+ e, = 

from which it becomes obvious that the total inductance of both circuits 
in series will be given by: 

L = L, + L 2 ± 2M 

A little thought will show that this is so only when the circuits are so 
connected that e.m.f. generated by current variation in the other 
circuit is of similar sense to that produced by current variation in itself; 
it is possible for circuits to be so connected that they have a negative 
mutual inductance, and in these circumstances the total inductance will 
be: 

L = L, L, - 2M 

This fact gives rise to a method of measuring the mutual inductance 
between two circuits. If they are connected in series and the total 
inductance measured both aiding and opposing, the difference between 
the two values of total inductance will obviously be four times the 
mutual inductance between them. 

Fundamental Formule 

Before proceeding with a consideration of the practical circuits 
built with the object of obtaining inductance, a few fundamental 
formula3 will be reviewed, upon which the composite formula3 to be 
considered later are based : where small inductances are renuired in 
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V.H.F. circuits, the elementary geometrical forma here considered are 
sometimes used, however. Due to " skin effect " the inductance of most 
circuits varies with frequency, and the two limiting values at very low 
and very high frequencies are given below; the actual inductance 
will usually lie between these two values, and if it is essential that its 
exact value be calculated, suitable methods may be found in more 
detailed texts. In each case it is assumed that the circuit is surrounded 
by a medium of unity permeability, but that the conductor itself has a 
permeability µ. A straight cylindrical conductor of length / cm. and 
diameter d cm. has an inductance: 

Low FREQUENCY. L = 2/(log. 4/ — 1 + x 10-9 
4 

Hioa  
4/ 

FREQUENCY. L = 2/(log. — i) x 10-• 

A straight conductor of rectangular section with sides b and c cm. of 
material having unity permeability has a low-frequency inductance 
given by: 

, 2/ 1 0-2235(6 +  
b c 2 1 x 10-11 

A circle having diameter D cm. formed from conductor with a circular 
cross-section has inductance given by: 

Low FREQUENCY. L = 27rD[log. 8--c—ID  — 2 + x 

HIGH FREQUENCY. L =- 27TD[log. Ti8D — x 10-° 

A rectangle of sides ai and a, formed from conductor of circular cross-
section, has inductance given by: 

-= ctO 

Low FREQUENCY. 

L = 4 [(ai + cs,) log, — al log. (al + g) — a, log. (a, + g) 

+ 2 (g d-i) — 2) (al + as)] x 10-° 

HIGH FREQUENCY. 

L = 4[(ai a2)log. 4ar 2 al log. (a1 + g) — a, log. (a, + g) 
c  

+ 2 (g d- g) — 2(a1 + x 10 9 

A rectangle formed from conductor of rectangular cross-section having 
unity permeability has a low-frequency inductance: 

L = 4 [(ai + a2) log, b2a±lac2 a1 log. (al + g) — a log. (a, + g) 

2g al +2 a, + 0.447(6 + c) x 10-° 
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The formuhe for mutual inductance between two circuits are very 
complicated, and only two special cases will be given here for straight 
circular conductors of unity permeability at low frequencies. Two' 
parallel conductors of equal length spaced D cm. apart, with D much 
larger than d have a mutual inductance: 

M = 2 [nog,' Vi2 + D2 Vla + D + x 
D 

Two conductors of lengths / and sa, with axes in the same straight line 
with ends spaced n cm. apart, will have mutual inductance: 

M = [(I m n) log, (1 m n) n log, n — (I n) log. (1 n) 

— (m n) log. (m n)) x 10-'9 

INDUCTORS 

Air-cored Inductors 

Air-cored inductors are used for radio-frequency circuits, and their 
physical form depends mainly upon the value of inductance desired, the 
voltage which they must withstand and the power which they will be 
called upon to dissipate. The resistance and capacitance will also be a 
factor determining the construction. 

Single-layer Solenoid 

The simplest form of air-cored inductor is the single-layer solenoid, a 
helix of conductor either supported on a former or else self-supporting 
without former. The former material most frequently used is either 
S.R.B.P. or a cellulose-filled P.F. moulding; these materials, however, 
have a fairly high power-factor, and only a moderato dimensional 
stability in an atmosphere of varying humidity. Where greater 
stability is required a ceramio former is used, and the conductor is 
tension wound in a helical groove on the outer face; for maximum 
stability a helix of silver is deposited on the ceramic and fired in position, 
being then reinforced by an electro-plated covering of copper, which is 
finally silver-plated overall. The inductance of such a solenoid may be 
calculated thus : • 

K„ — 
1 

1 + 0.-15(1 — 0-005 (-1D )i 

A = log, 1.73xin 

B= 0-336(l — 
n1 n212 

L = irDnl[rDnK„ — 2A — 2B] x 10'9 

where: D = effective diameter of winding in centimetres; 
/ = length of winding in centimetres; 
d = effective diameter of conductor in centimetres; 
n = winding pitch in turns per centimetre. 



INDUCTORS AND TRANSFORMERS 30-7 

For approximate results the terms A and B may be ignored, while 
if much work is to be done, all three terms K«, A and B may be found 
tabulated to several places of decimals in many standard texts. 
The effective self-capacitance of a single-layer solenoid will vary 

slightly with frequency (as will also its inductance and resistance), but 
an approximate guide to its value is to consider the value in pica-farads 
equal to the radius in centimetres. This value will be increased if 
any form of lacquer, varnish or other insulant such as wax is applied to 
the winding to cement it in position; such materials may well double the 
capacitance, and the least-objectionable is polystyrene cement, which 
has the lowest permittivity of them all, but which does not form a very 
effective seal against ingress of moisture to the winding. It should be 
noted that the capacitance is almost independent of the length of 
winding, and where the minimum capacitance is desired the diameter 
should be made as small as practicable, and the winding composed of 
several sections in series spaced from one another; there is little gain in 
using more than three such spaced windings. Unfortunately such con-
structions, which minimize the capacitance, increase the resistance for a 
given inductance value, and most inductors are a compromise between 
the desire for minimum resistance and that for minimum capacitance. 

If the minimum resistance is required for a given inductance, the 
diameter of winding should lie between 2 and 2¡• times the length, and 
the inductor be close-wound to use the largest possible diameter of 
conductor. As frequency increases, skin-effect causes the current to be 
concentrated over only a fraction of the conductor cross-section, with 
consequent increase of resistance, which is greater in proportion for the 
larger-diameter conductors; it is usual therefore to use a stranded 
enamel-covered copper conductor in the high-frequency range to obtain 
a more even distribution of current and a smaller effective resistance. 
Use of such conductor will materially decrease resistance in the range 
100 ice is to 5 MOM, but at higher frequencies than this the capacitance 
between strands defeats the object of stranding. The greatest decrease 
in resistance is obtained with " Litz " wire stranded in threes, and then 
in sets of three threes, but this conductor is expensive so that it is used 
only where essential, and the greater use is of a cheaper " bunched and 
stranded " conductor. 

Multi-layer Solenoid 

Where an inductance larger than may readily be obtained with a 
single-layer solenoid is required, recourse must be had to a multi-layer 
winding, and several forms of this are common, depending upon expense 
and the relative importance of stability, resistance and capacitance. 
For maximum stability of inductance, the best form is a series of deep, 
narrow slots, tightly wound with .conductor, in a ceramic former; 
if care is taken to fill each layer in the slot before proceeding to the next, 
so that outer turns cannot lie adjacent to inner turns, and at least six 
slots be used, the capacitance of this type will be found fairly low, but 
resistance will be fairly high. A form having moderate stability, but 
high capacitance and resistance, is the multi-layer solenoid with length 
greater than diameter. The form having- lowest resistance and capaci-
tance is a short multi-layer solenoid with winding height equal to its 
length and mean diameter approximately three times the length. 
Capacitance can be decreased, with consequent increase of resistance, 
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by increasing winding depth ana decreasing winding length 01 this form. 
VVhere.such proportions are used, it is usual in most radio and television 
applications to decrease the capacitance and increase the resistance by 
using " wave-winding ", a technique which feeds the conductor on to a 
rotating former over an oscillating shuttle; the shuttle oscillates for 
the full width of the winding at a rate which is not quite a multiple of the 
rotational period, thus giving a winding which is only partly occupied 
by conductor, and which gives appreciable spacing between a proportion 
of each turn and the next. By causing the former to progress axially 
at a slow rate past the shuttle, a progressive wave-winding is obtained, 
with length greatly in excess of diameter, but this type is not so common 
as the short, high type described above. Due to the smooth surface 
of enamelled conductor, sufficient adhesion cannot be obtained with it 
for wave-winding, and it is usual to use single silk-covered enamelled 
copper wire; in many cases bunched stranded conductors are used to 
increase the ease of winding and also to decrease the effective high-
frequenoy raistance. 

Inductance of Multi-layer Solenoids 
Two approximate formula3 may be used for calculating the inductance 

.of multi-layer solenoids, one for length greater than diameter, and one 
for diameter greater than length. The same symbols will be used as 
before, with the following additions: 

N = total number of turns; 
= inner diameter of winding; 

D2 =- outer diameter of winding. , 

Then, if the following factors be calculated for convenience: 

D D -I- R =  1 2 

4 

h = D2 D, 

The inductance of the solenoid long relative to diameter is given by: 

L
4iT2R2N2K 

= . x 10° 

1 
K.   h li 

1 ± QS + 0.32 R  + 0.84 1 

and that for the form with short length by: 

L — 4/r1R2N1FIF, 

(I + h -F P2) 10° 

101 -I- 12h + DI 
F = 
1 101 + 10h -F 0.7D2 

7D2 
F2 = 0.5 log 10 (/ 00 + 27 + 3-h- 
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Where a complete inductor comprises a number of sections connected 
in series, the inductance of each section must be computed and added 
to the components due to the mutual inductance between them. 
Where a minimum external magnetic field is required from an air-

cored inductor, a former of torus shape is wound with a single layer of 
conductor. If the following symbols be used: 

r = radius of torus cross-section; 
R = radius of torus; 
N = number of turns. 

Induetance is given by the following formula: 

IrNsr2 
L — 

R[1 + N.11 — (;) 2] x 10° 

When these toroidal inductors are wound with several layers, the 
inductance is much more difficult to calculate precisely, and it is wise 
to make an approximation with the above formula, wind a test inductor 
and measure its inductance, and then compensate accordingly. 
The mutual inductance between air-cored solenoids may be calculated 

readily, but the formule are involved, and the process long and 
laborious. In practice, the solenoids are so easy to wind that it is 
quicker and more accurate to wind test inductors and measure mutual 
inductance for a series of spacings, than to construct a graph to illu-
strate the law relating mutual inductance to spacing. From such a 
curve the values required for final design may be read off and used. 

Iron-cored Radio-frequency Inductors 
If the medium surrounding an inductor had a magnetic permeability 

greater than unity, the inductance would be increased without increase 
of winding resistance and capacitance; unfortunately all materials 
having high permeabilities also exhibit hysteresis, whi,h introduces a 
loas equivalent, so far as the circuit is concerned, to an increase in ohmio 
resistance of the winçlings. In addition to this, most of the ferric and 
ferrous materials have appreciable conductance, which adds a further 
loss due to eddy-currents and also increases capacitance of the inductor 
due to capacitance between core and winding. For many years it has 
been customary to emplcy these materials in the form of finely divided 
powder, with the particles bonded together and insulated from one 
another by a resin binder. Lately, a new material of ferrite type has 
been made available which has such low conductivity that it may oe 
used in the solid form for magnetic cores operating at radio frequency. 
In using dust cores, a compromise must be made between effective 
permeability and loss; the binding agent introduces a gap between 
the particles of magnetic material, and if very small particles are used 
the ratio of gap to iron increases and effective permeability decreases. 
The higher the frequency, however, the smaller must be the individual 
particles to maintain losses within reasonable bo mds, and in con-
sequence it is an unfortunate fact that the higher the working frequency 
of a dust-core, the lower the effective permeability. It is this fact 
which limits the frequency range within which a reduction of losses may 
be achieved through the use of dust cores. 
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Restriction of Magnetic Feld 

T'wo further. advantages are to be obtLined from use of magnetic 
oore.s. It is usual for several inductors to be connected in succeeding 
stages of amplification, and magnetic coupling due to mutual inductance 
between them can introduce instability and distortion of the pass. 
characteristic. The obvious method of preventing this coupling is to 
confine the magnetic field of each induotor within such limits that it will 
not out the conductors of the other inductors. In the case of air-cored 
inductors only two methods are available for restricting the external 
field; either the inductor must be of the toroidal form, which has high 
losses and is difficult to wind, or a " screening can" must be used to 
enclose the conductor in such a way that the field will cut the screen 
and induce in it an eddy-current system which will neutralize the field 
external to it; unfortunately the screen will introduce additional losses 
into the inductor due to its own ohmic loss; in general, the nearer the 
screen to the inductor, the greater the reflected loss, while the use of 
large screens spaced well away from the inductor so increases the size 
that connections must be longer (and lead inductance higher) than 
can be tolerated at high frequencies. The use of an iron core, however, 
will concentrate the majority of the field within its own, small compass. 
and either no screen will be necessary or it may be placed so near to the 
inductor without materially increasing losses that its use is no dis-
advantage. The second great advantage of magnetic cores lies in the 
possibility of varying the location of the core relative to the inductor. 
and hence, by varying the effective permeability of the inductor field, 
varying also the inductance of the unit. So useful is this ability to 
vary inductance by movement of a core, that cores may be used in 
cases where there is no decrease of loss, purely for the facility of adjust-
ment. Where a vary wide range of inductance is desired, several narrow 
solenoids may be arranged on a common axis, and a long cylindrical 
core be caused to slide axially through them; not only does this increase 
the permeability of the space occupied by the field of each individual 
inductor, but it also increiises the mutual inductance between the 
individual solenoids, thus giving a very great ratio of maximum to 
minimum inductance. 

Types o! Dust Cores 

Dust cores are made in four principal types. cylinders with brass 
threaded stem projecting axially from one end, by means of which they 
may be advanced along the axis of a solenoid; cylinders with coarse 
external thread moulded on, by means of which they may be axially 
advanced along a solenoid wound on a former with internal thread to 
engage that on the core; cores moulded in two halves to corm a 
cylindrical assembly completely surrounding the solenoid; and toroicls, 
usually of rectangular cross-section. The method of manufacture is 
such that close control of effective permeability is difficult, and in 
addition the overall temperature coefficient of winding plus core is 
usually more erratic than that of a well-constructed air-cored solenoid. 
The effective permeability of dust cores for very high frequency may be 
leas than two, but for frequencies below 1 Mcis it is possible to increase 
to as high a value as ten. Even higher values are available in the 
frequency range below 100 Ice's. The effective Q (ratio of reactance to 
resistance) of the inductor may be as high as 500 at 100 lcc/s, falling to 
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300 at 1 Mc/s, and so to a value in the neighbourhood of 100 at 30 Mc/s. 
To obtain maximum Q the losses in the conductor should equal those in 
the core, a rule which enables the optimum proportions of inductor to be 
obtained for any frequency and material. 

Ferrites 

Cores made of ferrites are of more recent origin, and to a certain 
extent are still under development. Nevertheless, many excellent cores 
are commercially available now, and but for their high cost would have 
replaced the dust core over the frequency range in which they are 
advantageous. Physically the ferrites are analogous to some ceramic 
materials, and being very poor conductors have practical values of 
permittivity as well as permeability. A wide range of electrical char-
acteristics are possible by suitable compounding and processing; the 
lower-frequency types have a resistivity of the order 50 ohm-cm. and a 
permittivity falling from 150,000 in the audio-frequency range to 
50,000 in the radio-frequency range, while the higher-frequency types 
have resistivity falling from 5 Mil-cm. to 0-2 at the higher frequencies 
and permittivity falling from 400 to 15. The initial permeability of the 
lower-freqneney types varies from 850 to 1,500, while that of the higher. 
frequency types can be obtained from 20 to 650. As a low-loss core in au 
inductor resonant in the band 1 ice /s to 50 Mc /s this material is un-
equalled in performance, and it can be used in non-resonant inductors 
and transformers up to 200 Mc/s. Many physical sizes and shapes are 
available—rods, tubes, pots, laminations and the like—and due to the 
high value of permeability it is possible to obtain greater values of 
coupling factor in the radio-frequency range than by other methods. 
Due to difficulty in controlling the effective permeability during manu-
facture, it is usual to build the core with a small air-gap, and to adjust 
the overall permeability by grinding this gap to obtain the desired 
inductance value from the inductor. The price which must be paid for 
the high permeability, however, is the non-linearity inherent in all high. 
permeability materials. Not only does the effective incremental 
permeability vary with induction, but it also varies with frequency, 
and for this reason also, in cases where the inductance of the inductor 
must remain within close limits, it is essential to employ an air-gap in 
series with the core, and thus minimize the variation at the expense of 
reducing the overall permeability. 

Protection Against Moisture 

Where materials with finite conductance and permittivity are used in 
juxtaposition to the conductor, it becomes additionally important 
to prevent the ingress of moisture to the assembly, with its attendant 
disadvantages of leakage and other losses. For this reason it is essential 
that some form- of protection be employed, but the constructional 
materials employed may seriously limit the choice of protective media. 
It is common practice to use a moulded polystyrene bobbin to contain 
the winding of dust-cored inductors, and while this material is admirable 
for that purpose, its low softening point prevents the use of wax or 
varnish impregnants, while its solubility in commercial solvents prevents 
the use of cold-setting lacquers. The so-called " casting resins ' which 
have recently become popular make an ideal impregnant and enclosure 
for cored inductors, but where polystyrene formers are used the poly-
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ester resins may not be used because of the solubility of the former in 
the monomeric styrer/e used for cross-linking; this is to be regretted, 
because the polyester resins may be compounded with excellent electrical 
properties, and if they cannot be used, the most practical alternative in 
present supply is an ethoxyline resin compourvIed with a hardener 
capable of cold-setting. One alternative used where maximum pro-
tection is not essential is to cool-dip the complete assembly in molten 
wax, giving a skin of wax over the exterior without raising the internal 
temperature of the bobbin to a dangerous level. 

Iron-cored Audio-frequency Inductors 

In the audio-frequency range the eddy current losses may be suitably 
minimized by building up the core from a series of thin plates (lamina-
tions), each insulated from its neighbours. These plates are obtainable 
in various shapes and sizes, 04 most common being U, E, T and I 
shapes. These are formed either from a silicon steel with low hysteresis 
loss and high saturation or from nickel-iron alloys possessing very high 
permeabilities. Recently great progress has been made in rolling 
silicon-iron sheets to have greater permeability in one preferred direc-
tion than in the others, and such sheet is then cut into strip, with the 
direction of maximum permeability along the major axis; such strip 
is then wound into oval cores with a suitable binding agent to make it 
homogeneous, and each core is then cut into two equal U shapes to 
allow the winding to be inserted on the limbs. This mode of con-
struction is known as C core, and is becoming increasingly popular for 
the larger physical sizes. Where it is desired to include an air-gap in 

4000 

2000 

< 

sl 2000 

4000 

04 0.2 0 02 0.4 
H (OERSTEDS) 

>-
1-7 12000 

w • 9000 
2 
cc 
te 6000 

> 3000 

o 
u-

PEAK H (0ERSTEDS1 

-2 ▪ 3000 

>-
w 

=j 2000 UJ 

Oui 
cc 

Z 

wie 1000 

O s-

o 

cps. 

• SOO cps. 
• ,s0 

1 kc/s. . 

Je 

D.C. POLARISING 

4 
FIELD (OERSTEDS) 

10 100 1000 
FREOUENCY ( kc/s.) 

FIG. L— TYPICAL CHARACTERISTICS OF MAGNETIC LAMINATIONS. 



INDUCTORS AND TRANSFORMERS 30-13 

the core, the gap can be inserted between the two halves of the C core, 
or at an appropriate position in an assemblage of laminations. Where no 
air-gap is desired, however, the C core can only be butted, but in the 
case of laminations it is usual to assemble the core from two different 
shapes such as E and I or U and T, or to use an irregular E with short 
top limb and long bottom limb, and to so assemble them that the butt. 
joints on adjacent pairs of laminations are not adjacent to one another. 
This interleaving of pairs gives an effective air-gap smaller than a plain 
,butt- joint. 

Magnetic Characteristics of Alloys 
Typical magnetic characteristics for a representative alloy are shown 

in Fig. 1, and it will be seen that the characteristics are non-linear. The 
hysteresis loss is proportional to the area included in the loop, and to 
minimizo losses (and consequent heating of the inductor) it is desirable 
to choose alloys with a minimum area; unfortunately those with the 
minimum area may saturate at too low a flux density, or may have too 
low a permeability, and actual choice is always a compromise between 
these conflicting criteria. Many inductors are called upon to exhibit a 
high reactance with large values of D.C. flowing through them; in 
such cases the effective permeability is the tangent of the curve at the 
working point; it will be seen from the curves that the flux induced by 
the D.C. may well be in the saturation range of the material, and in 
consequence the effective permeability so low as to be useless. In 
such cases an air-gap is included in the iron circuit to limit the induced 
flux, and although inclusion of such a gap will reduce the effective 
permeability for a given tangent slope, due to the greatly increased slope 
the overall permeability will be greater with the gap. It is possible 
with any given core to calculate inductance versus gap for several values 
of gap, and then by constructing a curve of the relationship to choose the 
optimum value. In other cases it is desired that the effective inductance 
to small values of A.C. shall vary with the value of D.C. flowing through 
the winding (swinging choke), and this compromise may also be obtained 
by constructing a family of inductance/gap curves for several discrete 
values of D.C., and choosing the condition giving the desired spread of 
values. 

Calculation of Inductance 
To calculate the inductance of an iron-cored inductor requires know-

ledge of the effective permeability of the core. This is difficult to obtain 
theoretically; even for small A.C. components superimposed on a 
larger D.C. component, where the permeability might be expected to 
equal the tangent of the B.H. curve, eddy current effects will modify the 
penetration of the flux throughout the cross-section of the lamination, 
and effective permeability will vary with frequency and with thickness of 
lamination, being highest for thinnest laminations. When the A.C. 
component is so largo that the portion of the curve traversed each cycle 
is not effectively linear, distortion of the waveform will occur, and the 
permeability will be an indeterminate " average " slope of the curve. 
This is further complicated by the inclusion of insulation between 
laminations, and also by the existence of tooling burrs on the laminations 
themselves, which will give a packing factor which may be as low as 
0.9. It is wise therefore to pack a standard wincing with typical 
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laminations and by measurement of effective inductance to calculate 
the effective permeability of the core assembly complete; if this be 
done for each of the assemblies in which one is interested, the value 
so obtained may be used as the design permeability in calculations. 
The inductance of such an inductor may be calculated from the following 
formula: 

4n11"Aitt  
L = 

10(1, 

where N = number of turns; 
A = cross-sectional area of oore in square centimetres; 
µ-=-- effective permeability of core assembly; 
4 ---. effective length of core in centimetres; 
4, = effective length of air-gap in centimetres. 

This formula assumes that the permeability of the core is so high that 
the cross-section of the core may be assumed the total area of flux, and 
while this will not be strictly title, a first-order allowance for the error 
will have been made in measuring the effective permeability of the core 
assembly. 
Where losses must be minimized, and a high Q obtained, it is essential 

for any given core assembly that the winding losses be approximately 
equal to the core losses. In most interleaved assemblies it will be 
found that the core losses are much higher than the winding loss, and 
the usual method of adjustment is to introduce an air-gap into the- core 
circuit, thus reducing peak flux density and increasing winding resist-
ance ; a variation which both reduces core loss and increases winding 
loss. By measuring Q on a few inductors with differing gaps and con-
structing a curve to pass through the points relating gap and Q, the 
optimum gap for a particular core and frequency may be found. 

TRANSFORMERS 

Transformer Design Methods 

If two windings are so located that a portion of the flux from one 
encloses also the other, variation of current in one will generate an e.m.f. 
in the other. Since the first differential of a sinusoidal curve is also 
sinusoidal, the steady-state solution for a sinusoidal current flowing 
through one winding is a sinusoidal e.m.f. in the other, and the complete 
assembly is called a transformer. In a perfect transformer all the flux 
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2.—THE IDEAL TRANSFoRNIER : (a) IDEAL TRANSFORMER; 

(b) EQUIVALENT CIRCUIT. 
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from one winding will enclose all of the other winding, and the two 
windings will have a coupling factor of unity. Such a transformer is 
shown diagrammatically in Fig. 2, and for such a system the following 
relationships will hold : 

L,= 212L, 

z1 

= flirt 
il ni2 

.11 2 

Analysis of Practical Transformers 
A practical transformer with losses may be analysed into a passive 

network plus an ideal transformer as shown in Fig. 3 and calculation 
eased by treatment of the network alone. If the inter-winding 
capacitances must be considered, the more elaborate network shown in 
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la) 
(b) 

(b) 
FIG. 4.—REPRESENTATION OF ALL STRAY CAPACITANCES IN A TRANSFORMER: 
(a) GENERAL REPRESENTATION OF TRANSFORMER ; (b) Dery ALENT CIRCUIT OF 

TRANSFORMER. 

Fig. 4 must bu used, but this is so ungainly for practical calculation 
that the approximations of Fig. 3 are to be preferred where the inter-
winding capacitances can be ignored. Since these capacitances are 
usually very undesirable, it is good practice in any case to so design the 
transformer that they are so small as to be negligible, and thus achieve a 
desirable performance. When a transformer has to pass a very wide 
frequency range, the effect of strays is to cause an attenuation of the 
high and low frc4juelicieN elative to the mid-band components, and to 

L,(1- k2) 

r2 

R2 1(2 

FIG. 5. --EqUALUATION or TRANSFORMER FASS•IIA NI) : (a) LOADLI) 1..1{S 
FORMER; (b) EQUIVALENT BAN D• PASS CIRCUIT. 
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(a) (b) 
FIG. 6.—SERIES RESONANCE OF PRIMARY: (a) LOADED TRANSFORMER; 

(b) EQUIVALENT BAND-PASS CIRCUIT. 

minimize this effect and obtain a flat characteristic it is necessary to so 
proportion the strays that those of importance form a band-pass filter 
in the equivalent network. This involves designing the transformer 
parameters to have the correct relationship to one another, and the 
equivalent circuit for the transformer alone is shown in Fig. 5. The 
band-width which may be attained with this connection is: 

02, = A  2 — k  
2 ( 1 — k) 

and it is obvious that unless k can be made very near to unity, high ratios 
cannot be obtained. Where a high ratio is required it is sometimes 
possible by inserting a series capacitor in the primary circuit to obtain a 
constant k type of filter as shown in Fig. 6. Where a fairly wide band is 
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required, up to about 50 per cent of the mean frequency, as is the case 
in many radio-frequeney circuits, the arrangement shown in Fig. 7 is 
frequently used, the two capacitances being the self-capacitance of the 
windings plus the electrode capacitances of the valves ; this is, of course, 
an application of the arrangement in Fig. 6. The resistances R, and 
R 2 are partly losses in the windings and partly resistors shunted across 
the windings. 

Power-transformers 
When designing power-transformers, in which a considerable power 

is to be transferred at a single frequency between two low impedance 
circuits, the loss of the core usually assumes greatest relative importance. 
The lose, expressed as watts per pound of core material, is a function 
of maximum flux density when smusoidally excited, and if very large 
flux densities are used, the temperature rise of the core due to this power 
loss may become excessive. The alternative to using high flux density 
is to increase the number of turne, which for a given core size entails 
decreasing the conductor diameter and increasing conductor resistance 
and loss. If therefore it is found that the conductor losses are too high 
when a. reasonable flux density is used and that they in their turn cause 
excessive temperature rise, it is necessary to use a larger core with 
greater area and winding space. The use of a larger core, however, will 
increase the weight by a greater ratio than the surface area, and in 
consequence the temperature rise due to core losses will be higher for a 
given flux density than with the smaller unit. It is obvious therefore 
that the design of a power transformer will be a compromise between 
opposing factors, and it is usually desirable to obtain empirical data on 
each of the standard core assemblies which it is intended to use. 

Linearity of Core 
In oases where the frequency range is so limited that no great difficulty 

due to frequency characteristic is experienced, and where the power is 
so low that core losses will not cause excessive temperature rise, it is 
possible that a third factor may become of prime importance. The 
magnetic characteristic of the core is non-linear, and in consequence the 
primary current contains harmonics of the primary voltage waveform; 
the secondary voltage is a -function of primary current, and will also 
contain these harmonics, and where such " distortion " is not per-
missible, it is frequently necessary to " linearize" the core character-
istic by the inclusion of an air-gap. Where a D.C. is to be super-
imposed on the A.C. component, an air-gap is included in any case to 
prevent saturation of the core, but it becomes necessary in such circum-
stances to work at a point on the characteristic where the signal will not 
carry the core into a saturated portion of its characteristic. 

Constructional Method 
In designing a transformer there are a number of independent require-

ments which must be met. In each case there are at number of con-
structional techniques which have become more or less standard, and 
the practical transformer consists of a combination of these to meet 
requirements. Tho possible permutations are extremely large, but by. 
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considering the individual points separately a large range may be 
covered concisely. 

Control of Capacitance 
Where high frequencies are concerned, or high-impedance circuits are 

connected to a transformer, the capacitances of the windings are of vital 
importance. Self-capacitance of a winding may be reduced by winding 
in narrow sections, or, in extreme cases, by wave-winding a number of 
narrow sections, later joined in series. Where this is done, however, it is 
essential to space the sections from any neighbouring conductor to 
prevent such conductor from forming a shunt across the total winding 
by virtue of its capacitance to either extremity. Inseneral, it may be 
ruled that reduction of self-capacitance is always wasteful of winding 
space, and raises the winding loss in every case. The capacitance 
between windings may be minimized by enclosing the windings in an 
electrostatic screen which is connected to a low-potential point in the 
circuit; this may reduce it to almost zero, but inevitably increases the 
self-capacitance of the windings; it is essential that such screens be 
sectioned- to prevent the establishment of circulating currents due to 
variation of the magnetic field through the core, and such sectionaliza-
tion often leads to very complicated physical construction. In other 
transformers, used in circuits balanced to " earth ", it is necessary to so 
control capacitance between windings and screens that the value is 
almost exactly equal for two different windings on the same trans-
former, and this involves controlling the dimensions of the insulation to 
very close limits, and operating a quality-control system on the product 

Control ol Inductance 
Close control of inductance can also présent great difficulty. In the 

case of air-cored inductors and transformers, if a great number of turns 
are present as in wave-windings, they may be over-wound and a few 
turns removed to bring within limits, and if only a few turns are present 
as in single-layer solenoids, the spacing between adjacent turns may be 
varied with the same result. Radio-frequency windings with magnetic 
cores are adjusted most readily by variation of the effective air-gap in 
the magnetic circuit, thus varying its permeability. In the case of 
laminated cores, the inductance may be varied by adjustment of an air-
gap, or by adjustment of the number of laminations packed into the 
former, any spare space being occupied by a non -magnetic lamination 
such as a shaped strip of S.R.B.P., but neither of these methods is easy, 
and close tolerances are avoided in this type of construction wherever 
possible. Variation of mutual inductance between two windings is 
possible by variation of the relative spacing if air-cored, or of the inter-
connecting magnetic circuit if cored, but in either case variation of 
mutual inductance almost inevitably involves a variation aim of the 
self-inductance. 

• 

Magnetic Screening 
When it is desired to prevent magnetic interaction between two 

adjacent inductors or transformers, either the windings may be so con-
structed (astatic winding or toroid) that the magnetic circuit is Byrn. 
metrical with respect to the surrounding space, or the complete units 
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may be screened. Screening may consist either of a non-magnetic, 
highly-conductive material (as for high frequencies) or of a magnetic 
material of high permeability (nickel—iron alloy) when only audio 
frequencies and steady fields are concerned. 

'Atmospheric Deterioration 
One of the most difficult tasks is to prevent deterioration duo to the 

surrounding atmosphere, and this is moro difficult when a component 
has to function in a tropical or arctic climate than when its use will 
be restricted to a temperate zone. The most effective method is to 
totally enclose the unit in a metal case and bring out the connections 
through hermetic seals, but this method is by far the most expensive, 
and is used only where essential. When this is done, it is possible 
to provide additional insulation for high-voltage working, and addi-
tional heat-conductance for high power dissipation by filling the unit 
with transformer oil, leaving, of course, sufficient air-space to form a 
pneumatic buffer against variation of volume with temperature. A 
more usual method is to vacuum-impregnate the windings in either 
varnish, wax, bitumen or polyester resin, and then to cover the whole 
assembly with a coat of either wax, varnish, bitumen, polyester resin or 
ethoxyline resin. Any one of the impregnating mediums may be used 
in conjunction with any one of the coating mediums, but those in most 
frequent use today are wax and wax, wax and bitumen, varnish and 
bitumen, varnish and varnish, polyester resin and ethoxyline resin. 
Where self-capacitance must be maintained at an absolute minimum 
and an impregnating medium cannot be used, the only really effective 
protection is a sealed cover filled with dry air. 
As has been mentioned already, when high powers must be dissipated, 

oil may be used as a filling medium to conduct heat from the interior of 
the windings to the outer case. Whatever the construotion, however, 
it is vital in such cams that the overall colour should be a dark, matt 
to assist radiation of heat, and that the unit should bo clamped to a 
metal chassis by heavy metal clamps in good thermal contact with core 
and windings to assist in conduction. For the same reason the unit 
should be surrounded with matt, dark-coloured objects to absorb 
radiated heat rather than reflect it back again into the unit. 

R. T. Lo. 
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31. MICROPHONES 

A transducer is a device for receiving energS7 in one form and passing 
it on in another form. Typical examples are a fluorescent powder which 
receives invisible radiations and passes on visible light; and a micro-
phone which receives audible radiation and passes on inaudible electric 
voltages. It is therefore necessary to make a three-fold study. First, 
of the energy received by the microphone; second, of the mechanism of 
transformation, and third, of the energy passed on. 

ACOUSTICS 

A microphone receives its energy from sound radiation in the air, and 
it may help in the understanding of the operation of a microphone if the 
mechanism of sound radiation is first considered. A gas, air is a typical 
one, is made up of an enormous number of molecules. They are 
separate discrete particles which move about at quite high velocities, 
500 m./sec. depending on their temperature, expressed in degrees Kelvin 
above absolute zero. Since there are so many of them and they move 
so fast, there will be many collisions, in fact the average path length 
before a collision at normal room pressure and temperature will be about 
Tub» mm. However, they " bounce " perfectly and under normal 
conditions they do not mind in what direction they travel. A sound 
wave occurs when a number of molecules are all pushed in the saine 
direction, they jostle into their neighbours in that particular direction, 
which move away from them and interfere with others beyond them, 
thus producing a travelling wave. It can be shown that the speed of 
travel e in ern./sec. in this wave is given by 

YPo = c2 

where po = the static pressure in dynes per sq. cm. ; 

p = the static density; 

y = the ratio of specific heat at constant pressure to that at 
constant volume. It has a value of 1.4 for air. 

For a plane wave, «spine that a progressilie wave proceeds along the 
axis of x. Then the velocity potential cb is a function of x and I only, 
and the wave equation may be written 

824) a295 
ao aro . (2) 

A solution to this equation for a simple harmonic wave ttavelling in the 
direction x is 

A cos k(c,t — . • (3) 
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where A = the amplitude of 4); 
K = 27T/À; 
A = the wavelength in cm.; 

C /A =- velocity of sound in cm.isec.; 
f = frequency in cis. 

The particle velocity u in a plane sound wave is given by 

041 u = = kA sin k(rt — . 
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. (4) 

The pressure p in a plane sound wave is given by • 
kepA sin k(et — z) • . • (5) 

Note that pressure and particle velocity are in phase in a plane wave. 
Particle amplitude in a plane sound wave is given by 

A 
E = — —c cos k(ct — • 

The characteristic impedance is equal to the ratio of the sound pressure 
to the particle velocity in a free plane wave. It is equal to the density 
times the velocity of propogation pc. It is expressed in rayls (1 dyne! 
cm.* produces a velocity of 1 cm./sec.) and is approximately 42 rayls for 
air. The characteristic impedance of the free air is modified by the 
presence of the microphone, and this modification is revealed in the 
electrical output of the microphone. 

General Observations on Microphones 
It has been shown that a sound wave consists of two components, 

particle velocity and pressure. A microphone should make use of both 
components, but it has not been possible to construct a mechanical 
system with the low impedance necessary to match to the air and so 
respond accurately to the velocity component. The nearest approach 
is the ribbon velocity microphone with its gossamer-thin ribbon, but 
the acoustic impedance of even this is more than 200 rayls, and is a 
very considerable mis-match to the 42 rayls of the air. This fact, 
coupled with the almost universal use of voltage-amplifying valves, 
gives rise to the common treatment of a microphone as a transducer of 
sound pressure into electrical pressure. 

Pressure-operated Microphones 
Pressure-operated microphones include all those types where the 

sound pressure operates on one side of the diaphragm only; it includes 
the condenser, crystal, carbon and the moving oO1. Since the pressure 
in a fluid or a gaseous medium is transmitted equally in all directions. 
it follows that the sensitivity of microphones Operating on sound 
pressure is independent of the angle at which the sound strikes the 

microphone. 

Diffraction and Reflection 
At low frequencies, where the size of the microphone is small compared 

with the wavelength of the sound, the obstruction caused by the 
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presence of a microphone whose acoustic impedance does not match 
that of the air will cause slight diffraction of the sound wave; but where 
the wavelength is comparable to or smaller than the size of the micro-
phone, reflection takes place. This modifies the response of the micro-
phone to high-frequency sounds arriving from the front of the micro-
phone. In uso, a microphone having polar response which is 
independent of frequency is to be preferred. 

Velocity-operated Microphones 

There are no microphones available operating strictly on the velocity 
component of the sound wave due to the difficulty of making a mech-
anical system with a sufficiently low impedance, but a fairly close 
approximation can be obtained by making a microphone to operate on 
the " presSure gradient" of the sound wave, which is proportional to 
.velocity in those cases where the characteristic impedance is unchanged. 
The term " velocity microphone " will be used here to indicate both the 
true velocity microphone and a practical first-order pressure-gradient 
microphone. Since the air-particle velocity in a sound wave is in the 
direction of propagation of the wave, it follows that microphones 
operating on this principle will have a very different polar response to 
pressure-operated microphones. 
In all velocity microphones both sides of the moving member are 

exposed to the sound field, and movement is caused by the sound-
pressure difference between the two sides of the moving member., 
There will be a maximum pressure difference perpendicular to the 
diaphragm or ribbon, decreasing towards the sides with the cosine of the 
angle of incidence of the sound wave. The relationship is expressed 
by: 

O = 1./.(1,2 cos2x . • (7) 

where 00 = the sensitivity at maximum excitation; and 
x = the angle of incidence of the sound wave. 

The inagnitude of the effective pressure gradient depends upon the 
wavelength of the sound, and on the length of path from the centre of 
the front of the diaphragm or ribbon, round the edge of the capsule, to 
the centre of the back of the diaphragm or ribbon. Such a microphone 
has a " figure-of-eight" polar response in which the phase of the 
electrical output from the microphone reverses for sounds coming from 
the rear. 

Self Noise 

With the notable exception of the carbon microphone, the self noise 
generated by the microphone is not measurably greater than the noise 
produced by thermal agitation in the output impedance of the micro-
phone, and it is this thermal noise which finally limits the minimum 
sound field which may be detected by the microphone. For microphones 
whose output impedance is substantially resistive, the thermal agitation 
noise in the output impedance of the microphone is given by 

e = 1•27 x 10-"VR(fs — .fr) • • (8) 
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where e = the r.m.s. open-circuit voltage in the band between f, and 
c/s; 

R(f)= the resistive component of the electrical impedance óf the 
microphone, in ohms, sometimes a function of fre-
quency; 

f1 and f, = the limiting frequencies of the pass band. 

In the case of condenser and crystal microphones 

R  
R(f) = 1 ± (wCR)1 

• (9) 

where a; = 27r times the frequency f. 
It can be shown that a high-pass filter should be used wherever 

possible with these types of microphones to eliminate the large low-
frequency noise whenever possible. If a high-pass filter is used, or if the 
amplifier naturally cuts off the low frequencies, less noise is obtained 
with a higher value of grid resistor. 

Sound Levels 

Acoustic powe. .s expressed in watts, and covers a vast range, about 
1,000 billion to one. It is thus almost essential to use a logarithmic unit, 
and the decibel is commonly used. 
However, since most microphones are pressure operated, and all are 

mis-matched to the air, it is customary to measure acoustic pressure 
rather than acoustic power. This is conveniently expressed in decibels 
above a fixed reference level. The reference level chosen is 0.002 
dynes/cm.2 and:is almost the pressure produced by a sound power of 
10-1. watts. It so happens that it is also about the limit of audibility of 
a 1,000-cis note for young ears. 

Table 1 shows the relationship in pressure between some everyday 
sounds. 

• 
TABLE L— PRESSURE OF TYPICAL EVERYDAY SOUNDS 

Pressure Typical Source 

140 
130 
120 
110 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
O 

Pneumatic riveter 
Boiler shop 
Thunder 
Motor horn (at 3 ft.) 
Loud Orchestra; Inside airliner 
Inside motor bus 
Voice shouting 
Noisy office 
Conversational speech (at 3 ft.) 
Average office 
Quiet speech (at 3 ft.) 
Very quiet dwelling 
Whisrer (at 5 ft.) 
Watch ticking (at 2 ft.) 
Threshold of hearing for young ears 

S 



31-6 RADIO AND TELEVISION REFERENCE BOOK 

The above table is only intended to serve as a guide to those not 
acquainted with acoustics; there is, of course, a very considerable 
" spread " in the sound pressures made by various items. 

CHOICE OF MICROPHONE 

Microphones are used for a very wide variety of purposes, and as a 
result, a large number of types have been developed to meet particular 
requirements. The piirpose of this section is to show what are the 
factors to be considered in choosing a microphone to fit a particular set 
of conditions. 
Most types of microphones have some particular characteristic which 

makes the type unsuitable for certain applications. Examples are the 
polarizing voltage necessary for a condenser microphone, which may not 
be readily available; and the high noise level of the carbon microphone, 
which makes it unsatisfactory for the reproduction of music. 

The Electrical Output of the Microphone 

Sensitivily.—The sensitivity of the microphone must be sufficient to 
give the required result with the external amplification available. The 
carbon microphone, which has self-amplifying properties, is used in Post 
Office circuits because no external amplifier is available. For measure-
ment purposes, the sensitivity of a microphone must remajn constant 
over long periods of time. 

Frequency Reaponse.--Both the extent of the frequency range of the 
electrical output from a microphone and the variation in sensitivity for 
different frequencies within the frequency range must be taken into 
account. 

Polar Response.—Some acoustical considerations of the polar response 
of microphones are given later. The polar response is sometimes altered 
in order to correct the frequency response of the microphone, which 
is usually considered to be the more important. There is no doubt that, 
in the case of a good microphone, both the frequency response and the 
polar response should be independent and uniform. 
Non-linearity.—The output from the microphone may not be a linear 

function of the input to it. In this case it will give rise to the generation 
of harmonics of the original frequencies present in the sound wave, and, 
in addition, if more than one frequency is present at the same time, sum 
and difference tones will be produced. 

Phase Distortion.--This distortion may frequently be neglected unless 
two or more microphones are employed together to obtain special 
directional effects. 

Self Noise.—The noise generated by the microphone may be acoustic 
in origin, as when a microphone is used in a wind, or may be discon-
tinuous electrical currents as in the carbon microphone, or thermal 
noise in the output cire-it of the microphone, as is the case with a 
condenser microphone. 

The Environment of the Microphone 

Sound-pressure Level.--The. microphone must be capable of with-
standing the maximum sound pressures that may be experienced in its 
particular application. In addition, it must withstand barometric 
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changes in pressure, and direct breath from the users lips. This last 
requirement is severe in the case of a hand microphone. 

Temperature and Humidity.—The microphone must survive the 
climates through which it is to' be shipped, and the final destination. 
This has particular importance in connection with some forms of crystal 
microphone. 

Mechanical Shock.—The. " ruggedness " of the construction of the 
microphone must be adequate, but it generally means that the mis-
match between the air and the diaphragm or ribbon which invariably. 
takes place is made even worse if the design is " rugged ". 

Susceptibility to Stray Electro-magnetic Fields.—For some particular 
purposes, such as measuring sound pressures near electrical machinery, 
it is essential for the microphone to have no appreciable external field, 
which may easily give an output comparable with that from the sound 
field. 

Size.—With the widespread use of motion-picture television cameras, 
it is necessary to make the microphone as small and inconspicuous as 
possible. 

Weight, reliability and cost must also be taken into consideration. 

THE CONDENSER MICROPHONE 

The condenser microphone was first introduced by E. C. Wente in 
1917 (Phys. Rev., 10, 39-63, 1917), and was improved by D. A. Oliver 
(J. Sci. Inst., Vol. 7, No. 4, April 1930) and also by v. Brautunühl and 
Weber (Hochfreguenztechnik u. Elektroakustik, Vol. 46, 187-192, 1935). 
This type of microphone can be designed to cover a very wide range of 
frequencies, and its performance accurately predicted. Its stability of 
calibration can be made so great that a number of these microphones 
made by D. A. Oliver in 1930-31 are still in use by standardizing 
laboratories. 

Mode of Operation 
This microphone is essentially a condenser, one plate of which is 

made in the form of a very thin diaphragm, which is moved towards or 
away from the fixed electrode by the incident sound pressure. When 
a positive sound pressure displaces this diaphragm inwards, the capaci-
tance of the condenser increases; and since the resistance in series with 
it and the polarizing potential are very large, 10-1,000 MCI are used. The 

FIG. I.—LABORATORY STANDARD 
CONDENSER MICROPHONE. 

(The General Electric (Jo. Ltd.) 
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FIG. 2.—SCHEMATIC DIAGRAM 
OF A CONDENSER MICROPHONE 
AND CIRCUIT COUPLING TO A 

VALVE. 

charge on the condenser remains constant except at very low fre-
quencies. Hence the potential across the condenser drops, being equal 
to the charge divided by the capacitance. When the cycle reverses, the 
diaphragm moves away from the back plate, and the potential across 
the condenser increases. The output voltage is proportional to the dis-
placement of the diaphragm. In the case of microphones which are 
intended to be used for measurement, the diaphragm is made of metal, 
usually stainless steel or duralumin, and subjected to very considerable 
tension. The tension stiffens and flattens the diaphragm, and in con-
junction with the effective mass of the diaphragm it produces a 
mechanical resonance which has to be controlled by mechanical or 
acoustical damping. In the case of D. A. Oliver's microphone this 
damping was provided by a very thin layer of air 0.025 mm. thick, 
which was trapped between the diaphragm and the perfectly flat back 
plate which forms the second plate of the condenser. The normal 
resonant frequency of the diaphragm by itself without the back plate was 
about 8,000 cis., but in the assembled microphone, it was quite 
impossible to find any trace of this resonance. 
On the other hand, the viscosity of this thin lamina of air is quite low 

at low frequencies, hnd it provides no damping. The result is that the 
electrical output of the microphone rises gently as the excitation fre-
quency of the sound is lowered. It reaches its final value at about 
50 cis., and then remains constant at all lower frequencies. If the shell 
of the microphone is hermetically sealed, it is possible to use a condenser 
microphone as a form of barometer or pressure gauge. 

In order to increase the electrical output, and still retain a good 
frequency-response characteristic, some designers have used thin 
metallized plastic diaphragms and special forms of back plate which 
have been relieved with grooves, small holes and other devices 

Sensitivity 

'1'he sensitivity of a condenser microphone is of the order of —60 db 
below 1 volt/dyne /cm.l. It should be noted that since the electrical 
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output impedance of a condenser microphone is a capacitance, the effect 
of any capacity associated with a connecting cable will be to form a 
capacity potential divider which will reduce the sensitivity of the 
microphone in the direct ratios of the capacitances, but it will not alter the 
frequency response. The very high electrical output impedauce makes 
it necessary to couple the microphone immediately to a valve or other 
device for reducing the impedance. 

Frequency Response 

The frequency response of a condenser microphone can be made to be 
very good, and for certain forms of microphone construction it can be 
computed with a very high degree of accuracy. Condenser microphones 
have been used at frequencies up to 100 kc/s. 

Polar Response 

Pressure Microphone.—The polar response of a normal condenser 
microphone, being pressure operated, has a spherical distribution for all 
frequencies of sound up to that frequéncy where the wavelength of 
the sound becomes comparable with the dimensions of the microphone; 
above this point the microphone will have greater sensitii ity to sound 
falling on the front of the instrument. 

Velocity Microphone.—Until 1935 nearly all of the condenser micro-
phones available had been sensitive to the pressure component of the 
sound wave, but von Braunmühl and Weber showed how to (-instruct a 
condenser microphone to operate on the " velocity " compon t of the 
sound wave. This was done by providing a fixed electrode la hich was 
perforated so that both sides of the diaphragm were now expost 0 t0 the 
sound field, and the driving force was changed from the single sound 
pressure on one sido of the diaphragm to the sound-pressure diffi,ence 
between the front and the back of the diaphragm. Such a microphone 
will have a " figure fd eir!ht " polar response. 

Cardioiil Polar-responseMicrophone.-.-If the output from a microphone 
having a spherical response is combined with the output from a micro-
phone having a" figure-of-eight " response and the sensitivities are 
adjusted ti be exactly equal for tittuntls an lying on the common axis, 
it is le issible to obtain a cardiffid polio rem ,,,,, se diagram. However, 
difficult ¡ es arise at the higher frequencies where i t is impossible to make 
t wo microphones occupy life same space at the same time iit order that 
the.% way receive the same sinned wave. The problem may in ,:olved 
lay construct ingmt comiemsor microphone with Iwo diaphragms separated 
by a perforat ef I and drilled eleetrode. It is not necessary for the second 
diaphragm to be electrically connected. (11' even ellIldUCting ; its presence 
is necessary to make the electric:114 connected front diaphragm 
respond to both pressure and " velecit3 " at the sonic time. If the 
microphone is very accurately constructed. so that the two types of 
operation result in equal outputs for sounds arriving on the axis, a 
cardioid type of polar response will be obtained. 
A microphone of this type uses very thin plastic membranes which are 

rendered conducting by gold spluttering. The resonant frequency of 
the two diaphragms by themselves is quite low, but in use the two 
diaphragms are tightly coupled together by the stiffness of the air 
enclosed in the small space between them. 
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Variable Polar-response Microphone 

It has been shown that if two cardioid-type microphones are mounted 
back to back, and the sensitivity and polarity of one is varied by alter-
ing its polarizing potential, it is possible to obtain a spherical, " figure-
of-eight ", or cardioid polar response at will (H. Grosskopf, FZT, 
p. 398, September 1951, and F. W. O. Bauch, Wireleoo World, February 
1953). 

Since, in the design of the cardioid microphone the rear diaphragm 
was required for acoustic reasons only and no electrical connection was 
made to it, it may conveniently be combined with the main electrically 
connected diaphragm of the rear-facing cardioid microphone, whose rear 
unconnected diaphragm is now the front diaphragm of the forward-
facing cardioid microphone. 
The change over from one type of polar characteristic to another is 

very easily obtained by altering the potential of the rear diaphragm with 
respect to the front diaphragm. 

Cardioid.—Rear diaphragm earthed, effectively one microphone only 
is in operation. 
" Ftgure-of-eight."—Rear diaphragm opposite polarity to the front, 

effectively two cardioids in opposition. 
Spherical.—Rear diaphragm same polarity as the front, effectively 

two cardioids in addition. 

Non-linear Distortion 

The condenser microphone is usually made in an unbalanced form 
with one diaphragm and one fixed electrode. Owing to the high 
acoustic impedance of the diaphragm, its displacement is very small and 
the total non-linear distortion is less than 1 per cent even for very loud 
sounds above 120 db above 0-002 dynes/cm.2. 

Special Applications 

The condenser microphone is mainly used for very high-quality 
sound pick-up. Its low output, coupled with its high electrical imped-
ance and the necessity for providing a completely hum-and-noise-free 
polarizing voltage, prevent its more general use. 

It is largely used for measurement purposes because of its stability, 
and may be fitted with a probe tube to reduce its effective size. 

THE CARBON MICROPHONE 

The carbon microphone is used in greater numbers than any other 
type of microphone because of its sensitivity, cheapness and rugged 
construction. 
The carbon microphone is fundamentally a very simple device con-

sisting of a diaphragm actuated by sound pressure carrying a plate 
which compresses a loose pack of carbon granules. Pressing the 
granules together decreases their resistance; when the pressure is 
released, the resistance is restored. When a constant current passes 
through the microphone, the potential drop across the resistance of the 
pack is inversely related to the instantaneous sound pressure. Since 
the carbon resistance acts as a control valve rather than as a generator, 
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Flo. 3.—SIDE VIEW or 
A CARBON MICROPHONE 
SHOWING CONTAINER FOR 

GRANULES. 

(The General Electric Co. Ltd.) 

it is quite possible for the microphone to give out more power in an 
electrical form than it receives in an acoustic form. 

Sensitivity 
The carbon microphone is generally used at a distance of only a few 

inches from the lips of the speaker, and at this distance it will give an 
output of 01 volts. The output impedance of the microphone is 
resistive and only about 100 ohms, so that it is quite possible to use a 
step-up transformer with a high ratio, bearing in mind that the 
primary of the transformer will carry the polarizing current of the 
microphone. The carbon microphone is not suitable for use in very 
weak sound fields because of the large amount of self-noise. 

Frequency Response 
The frequency response of a carbon microphone is limited to the range 

from 200 tu 3,500 cis for use in telephone systems. Special carbon 
microphones have been made with a very much greater and smoother 
response, but this is achieved only at the expense of sensitivity, and they 

still have a large amount of self-
noise. Further, this frequency 
response is not a constant, but 
depends upon the condition of the 
microphone; the carb( a granules 
pack together if the microphone is 
used in the same position with the 
bias current passing through it for 
a considerable time. When this 
happens the frequency response is 
usually improved to a small extent, 
but the sensitivity of the micro-
phone may be reduced to a very 
large extent. It then becomes 
necessary to loosen the carbon 
granules by shaking or vibrating 

FIG. 4.—CARBON MICROPHONE AND 
CIRCUIT. 



31-zz RADIO AND TELEVISION REFERENCE BOOK 

the microphone in order to restore the microphone to its original con-
dition. This tendency to pack, completely rules out the carbon micro-
phone for measurement purposes. In fact, it is very difficult to measure 
its behaviour because the use of a steady tone also causes it to pack. 

Polar Diagram 

This is normal for a pressure-operated microphone, but is modified by 
the size and shape of the microphone and the handset into which it may 
be built. 

Non-linear Distortion 

The carbon microphone is so bad in this respect that the term 
" amplitude " distortion is often used to describe the very non-linear 
relationship which exists between the acoustic input and the electrical 
output. It gives rise to gross amounts of cross modulation even at the 
level of normal speech. Push-pull carbon microphones have been made 
with the intention of reducing this form of distortion, but if, as may 
easily happen, one side of the microphone packs and refuses to " push 
the resultant distortion may be worse than in the case of a single 
microphone. 

Special Applications 

The self-noise generated by a carbon microphone is so great that this 
type of microphone can only be used on low-quality circuits. The 
noise is largely due to the passage of the polarizing current through the 
carbon granules; more accurately, it is the variation in resistance of the 
various points of contact between one grain and the next, which are 
always altering due to the heat generated in the microscopic areas of 
contact. There are other causes of noise of a different kind, due to the 
heating up of the ease of the microphone as a whole, which may make the 
container of the granules expand and so reduce the pressure on them. 

Hearing Aids 

Owing to the amplifying action of the carbon microphone, it has been 
used in a number of cases where valve amplifiers were impracticable. 
A notable case was in the older types of hearing aid, where a second 
carbon microphone was sometimes coupled to a miniature telephone 
earpiece to pick up and amplify the weak sounds made by it. It is 
rapidly being superseded by valve and transistor amplifiers, and is not 
liked even as a microphone because its self-noise becomes very trying 
when the aid is worn for long periods, particularly if the wearer suffers 
from tinitus. 
The carbon microphone " pack" without its acoustic diaphragm 

is still used as a vibration pick-up in connection with the amplification 
of some instruments, but only to produce strange effects. 

Power Microrhone 

If the ability to amplify is carried to the extreme limit, and a very 
short life is acceptable, it is possible to build a carbon microphone 
assembly which is capable of supplying enough power into an efficient 
horn loudspeaker to give understandable speech at a distance of mile. 
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FIG. 5.—GENERAL VIEW UF A MOVING-COIL MICROPHONE. 

(Standard Telephones tb Cables Ltd.) 

THE MOVING-COIL MICROPHONE 

A moving-coil microphone is a moro complicated mechanical structure 
than either the condenser or the carbon type. However, it is com-
paratively rugged, and can be used without any polarizing voltage or 
current, their place being taken by a permanent magnet. Tho electrical 
output impedance is low, permitting the amplifier to be situated at some 
distance from the microphone.. 
The moving-coil microphone is basically a moving-conductor micro-

phone, having the conductor in the form of a coil which may be made to 
cut the lines of force of the permanent magnet by movement imparted 
to the coil by the diaphragm. The voltage produced by the microphone 
is proportional to the rate of cutting lines of force: that is, for a given 
flux density, it is proportional to the velocity of the coil. 
The mechanical system consists of a diaphragm to which is attached 

PERMANENT MAGNET 

MOVING 
COIL 

DIAPHRAGM 

FIG. 6.—A MOVING-COIL MICROPHONE i CIRCUIT. 
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a circular coil which dips into an annular air gap having a high magnetic 
field. Various acoustical and mechanical elements have been devised 
to control the response of the microphone, which is usually designed for 
pressure operation. 

Sensitivity 

The sensitivity of the moving-coil microphone is usually considerably 
better than that of the condenser microphone. The output impedance 
is between 15 and 50 ohms, and the open-circuit sensitivity is about 
80 db below 1 volt /dyne/cm.a, for a high-quality microphone with a 
good frequency response. Owing to the low output impedance of the 
microphone, it is customary to feed it into the grid circuit of a voltage 
amplifier via a step-up transformer, which may increase the output 
voltage by as much as 40 db. 

Frequency Response 

Moving-coil microphones are manufactured in such a wide rango of 
prices and sensitivities that the frequency response varies considerably 
for different designs. 
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nu. 7.—CUT-AWAY VIEW OF A MOVING-COIL MICRLIPUONE (SEE ALSO 
FIG. 5). 

(Standard Telephones é Calder Ltd.) 
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Polar Response 
The majority of moving-coil microphones are pressure operated, 

giving a nearly spherical polar diagram, except in the higher frequencies. 
However, one or two designs ha e appeared of microphones having a 
diaphragm exposed to the sound field on both sides. Such a micro-
phone has a polar diagram of the figuro-of-eight form at the low fre-
quencies. Because of the particular way in which they are used, very 
close to the source of sound, they are sometimes known as noise can-
celling microphones, the pressure difference on the two sides of the 
diaphragm being much greater for near sounds than for distant ones, 
see " Frequency Response of Ribbon Microphones ". The moving-
coil pressure microphone may be combined with a velocity ribbon 
microphone to produce a cardioid polar diagram. 

Applications 
ln general, moving-coil microphones produce little distortion. 
The moving-coil microphone has many applications because it needs 

no polarizing voltage or current and its output is of low impedance, per-
mitting the use of quite long lines between the microphone and the 
transformer—it is very widely used in the public-address field, and the 
best types are also used for broadcasting and television. 

THE RIBBON MICROPHONE 

In contradistinction to most other types, the ribbon microphone is 
nearly always made to operate from the pressure gradient or" velocity" 
component of the sound wave. 
The ribbon is another form of moving-conductor microphone. In 

this case the moving conductor takes the, form of a narrow strip or 
" ribbon " of aluminium foil which has been rolled down as thin as 
possible and then beaten out in the same manner as gold until it is so 
thin that it is translucent. This ribbon is mounted vertically between 
the poles of a powerful magnet. If the poles are narrow, the sound is 
able to reach both sides of the diaphragm, even at the highest fre-
quencies, thus causing it to be moved by the " velocity " component of 
the sound wave. 
As in the case of the moving-coil microphone, the electrical output is 

proportional to the rate of cutting lines of force. 

Sensitivity 
Since the ribbon is virtually a coil with only half a turn, the electrical 

output impedance is much lower than that of the moving-coil micro-
phone; so low in fact that a transformer is built into the microphone 
case to increase the impedance to 600 ohms (in some cases 50 ohms, 
so that the ribbon may be interchanged with a moving-coil microphone). 
The output from the built-in transformer is about 0.2 m V/dyne/cm.. 
A second transformer is used to match the output of the ribbon trans-
former to the grid circuit of the first valve. This second transformer, 
will increase the output voltage by about 25 db. It is interesting to 
note that the acoustic input impedance may be as low as 200 rayls, the 
lowest impedance of any microphone, but still not a good match for the 
42 rayls of the air. 
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Frequency Response 

Theoretical considerations of the 
sound pressure produced on the two 
sides of the ribbon by a free plane wave 
of constant sound pressure show that 
the effective force available to move 
the ribbon is proportional to frequency 
over a very wide frequency range; that 
is, it is proportional to pressure gradient 
of a free plane wave. In order to make 
the velocity of the ribbon directly pro-
portional to particle velocity it is neces-
sary to make the ribbon behave as a 
mass. 
The frequency response of a ribbon 

microphone may be made exceptionally 
good up to about 12,000 cis. Beyond 
this frequency, secondary effects make 
it difficult to maintain the output. The 

FIG. 8 (left).—GENERAL VIEW 01' A RIBBON 
MICROPHONE. 

(The General Electric Co. Ltd.) 

Ficl. 9 (below).—SCREMATIC ARRANGEMENT 
OF A RIBBON MICROPHONE IN CIRCITIT. 
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low-frequency ena is usually maintained by " corrugating " the ribbon 
to lower its frequency of resonance. 

Since the ribbon is very light and has a very low restoring force, it is 
easily displaced from its normal position in the middle of the air gap 
by wind of quite low velocity. Never blow .on to a microphone to 
ascertain if it is " alive "—it may easily displace the ribbon. Several 
layers of -fine gauze are used to protect the ribbon from the wind, but 
even so it is more subject to wind noise than other forms of microphone, 
which are a worse match to the impedance of the air. 

If a ribbon (velocity) microphone has a flat frequency response in a 
free plane sound wave, i.e., one whose wave front is a flat plane, it cannot 
have a flat frequency response in a free spherical sound wave when it is 
brought close to the source. The expression for the particle velocity in 
a free spherical sound wave is 

V \ 

re 'V 2irfr ' 

where V = particle velocity in cm./sec. from the origin; 
P, = sound pressure in the wave in dynes/cm. at a reference 

distance re cm.; 
re --- reference distance in cm. from the geometric centre of the 

source; 
r = distance from the origin of the spherical wave in cm. ; 
p = density of the air, in gm./c.c.; 
c = speed of sound, in cm. /sec.; 
f = frequency. 

It will be seen that for a " velocity " microphone the low.frequency 
re4ponse will be increased if the microphone is brought near to the source 
of sound. This increase in low-frequency response is particularly notice-
able on speech. In other respects the frequency response quite justifies 
the extensive use of this type of microphone for broadcasting. 

Polar Response 
If the design is good, an excellent figure-of-eight polar response can 

be obtained up to the highest frequencies. It is possible to obtain a. 
cardioid response by closing the back of half the ribbon with an acoustic 
resistance so that it becomes pressure operated, giving a circular response 
from one half which, when combined with the figure-of-eight of the other 
half, produces a cardioid. The greatest difficulty is to make a small 
compact acoustic resistance at all frequencies. 

Non-linear Distortion 
Under normal conditions the ribbon microphone has exceptionally low 

distortion, but if the ribbon gets " blown " out of the linear magnetic 
field, or touches the pole pieces very lightly, the distortion may increase 
considerably. There is also the danger of distortion being introduced 
into the electrical output due to the iron core of the microphone trans-
former becoming, magnetized by the permanent magnet and distorting 
the wave form. 

Special Applications 
The ribbon microphone is extensively used in broadcasting, and for 

all oases where a " velocity " microphone is required. It is sometimes 
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combined with some type of pressure microphone to obtain a cardioid 
polar response. It may be used with a series of lines or pipes to produce 
a highly directional microphone. 

PIEZO-ELECTRIC OR CRYSTAL MICROPHONE 

This class of microphone makes use of the piezo-electric properties of 
Rochelle salt, ammonium dihydrogen phosphate and lithium sulphate 
crystals. Two general types of microphone are manufactured: in one 
ease the sound pressure directly actuates the crystal, giving a good 
frequency response and relatively low output, in the other case the 
crystal is driven by a diaphragm which is actuated by the sound pressure. 
The advantages of the crystal microphone are: fairly simple construc-
tion, light in weight and not subject to interference from stray magnetic 
fields. 

Mode of Operation 
It is first necessary to study the transducing element, which consists 

of a slab of material cut from a single crystal which has three axes, X, Y 
and Z, mutually at right angles in space. If the X-axis is perpendicular 
to the flat face of the thin slab, the slab is said to be " X " cut. If a 
thin rectangular X-cut slab of Rochelle salt has foil electrodes cemented 
to the two flat faces and a voltage is applied between the foils, the 
rectangle will be distorted into a parallelogram; that is, ono of the 

diagonals will shorten and thicken 
and the other will lengthen and 
. become thinner. It would be 
possible to make a microphone by 
attaching a diaphragm to the end 
of a bar cut from the diagonal of an 
X-cut plate, but unfortunately the 
mechanical impedance of all avail-
able crystals is extremely high. In 
order .to reduce this mechanical 
impedance, a construction similar to 
a bimetallic strip, such as is used in 
thermometers and relays, is em-
ployed. It consists of two diagonal 
cuts from X-cut slabs, the cuts 
being at right angles to each other, 
so that when subjected to electrical 
stress, one gets longer and thinner. 

FIG. 10.-2" DIAPHRAGM”-TYPE and the other gets shorter and 
CRYSTAL MICROPHONE IN CIRCUIT. thicker. These two diagonal cuts 

are cemented together with suit-
able electrodes to form a bi-crystal strip. If a voltage is applied to this 
composite strip, one side will get longer and the other side will get 
shorter, thus causing the device to bend. The mechanical impedance 
of the " bender " is very much less than that of the direct compression 
rod, and a diaphragm attached to the tip of the " bender " can be made 
into a satisfactory microphone. Strips can also be arranged so that the 
resultant movement is one of twisting rather than bending. 
Two or more pairs of these bi-crystal plates can be mounted in such a 
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way that they are caused to bend by the action of the sound pressure. 
A microphone made in such a way is called a " sound cell " to differenti-
ate it from the type having a diaphragm. The sound-cell microphone 
has a lower output but a better frequency response than the diaphragm 
type. 

Sensitivity 
The sensitivity of the " sound cell" type of construction is —65 db 

relative to 1 volt/dyne lcm.2. 
The sensitivity of the diaphragm type is —55 db relative to 1 volt/ 

dyne/cm:2. The electrical output impedance is roughly equivalent 
to a capacitance of 0-002 le (0-8 Mû at 100 cis). 

Frequency Response 
The frequency response is good from about 30 up to 10,000 cis for 

the sound-cell microphone ; it is not quite so good, and does not extend 
beyond about 7,000 cis in the case of the diaphragm type, and not 
beyond about 3,000 c/s for the simplest forms. 

Polar Response 
Both types of microphone are pressure operated with the result that 

a circular polar response is obtained for the low frequencies. Since the 
microphone can be made very thin and small, the pressure rise due to 
reflection will occur at a higher frequency than on most other types of 
microphone. 

Non-linear Distortion 
Rochelle-salt-crystal microphones exhibit small hysteresis effects in 

relation between the applied force and the resulting voltage. It irises in 
the electrical capacitance. and is very small if the microphone operates 
into a high impedance. 

Special Applications 
Due to its light weight, small size and ease of construction,. the crystal 

microphone is very largely used in deaf-aid sets. Ita principal dis-
advantage, at least for Rochelle salt, is its instability at high temper-
atures; it is permanently damaged at temperatures above 110° F. 
The sound-cell type of construction has been used with success for the 

broadcasting of concerts where a spherical polar response is required. 

SPECIAL TYPES OF MICROPHONE 

From time to time special microphones have been developed for some 
particular purpose. Amongst such types are: 

Highly directional microphones can be made by means of distributed 
arrays of sound-sensitive etements. Reflectors and horns can also be 
used in conjunction with a pressure-operated microphone as can a 
multi-tube array. Multi-tube arrays with phase delays can be used with 
a velocity microphone to obtain high directivity. 
A " moving-iron " microphone has been used successfully for short-

distance communication in which the voice power was all that was 
employed. For this reason, they are sometimes described as " voice-
power microphones ". F. H. B. 
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GRAMOPHONE PICK-UPS 

Gramophone pick-ups may be classified roughly into two groups: 
(1) general-purpose, and (2) high-fidelity types. Usually, the latter 
generate an output voltage proportional to velocity, whilst the former 
give an " equalized output ", i.e., the output from the pick-up can be 
fed directly into an amplifier with a linear frequency response character-
istic without electrical equalizing being necessary. These general-
purpose pick-ups are usually of the crystal type. 

Crystal Pick-ups 

Until recently, the crystal material was usually Rochelle Salt. 
This material has the advantages of high dielectric constant, extremely 
high coupling coefficient and being relatively easy to manufacture. 
It has the drawbacks of a large variation of permittivity with tem-
perature; is deliquescent and must therefore be protected from extremes 
of humidity; and it has an upper working temperature of 45°-50° C. 

Also now used in pick-up manufacture is an electro:strictive material 
in the form of poly-crystalline barium titanate. It has the advantages 
of high dielectric constant practically unvariable up to 70° C.; it is not 
humidity conscious, but because it can be produced only in " bender "-
type bimorphs the frequency range of the pick-up is restricted; also, the 
sensitivity of the pick-up and the compliance are usually considerably 
lower than equivalent Rochelle Salt units. 

Typical crystal pick-ups are shown in Figs. 11 and 12. 

Output oï a Crystal Pick-up 

A piozo-eleetric crystal behaves as a generator of constant ' voltage 
in series with a capacitance (the electrical self-capacitance of the crys-
tal). Tho voltage generated is proportional only to the force applied to 
the driving point of the crystal. 

It is usually assumed that the groove walls of a record are infinitely 
stiff and that they therefore behave as the equivalent of a constant 
current (velocity) generator (they depart only very slightly from this 
concept, provided that the groove walls do not collapse due to excessive 
pressure). In practice, this must be slightly modified by the addition 

A 
FIG. 1 I.—SCHEMATIC 
VIEW OF A CRYSTAL 

PICK-UP. 

A, crystal bimorph; 
B, turnover knob; C. 
plastic driving mem-
ber; D, stylus; E, 
stylus arm; F, plastic 
" clamping block 
C. contact pin; H, foil 
electrode from crystal 
to contact pin. 
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FIG. 12.—SCHEMATIC VIEW OF 
A CERAMIC CRYSTAL CARTRIDGE. 

A, plastic clamping and sup-
porting blocks; B, ceramic crys-
tal bimorph; C, styli turn-under 
lever; D, rubber styli support 
and damper; E, standard stylus; 
F, L.P. stylus; G, reed. 

of a parallel capacitance representing the compliance between the 
stylus point and the record groove. 

If the mechanical termination of the stylus is purely resistive, the 
force generated across this termination will be independent of frequency 
and proportional only to the velocity of the stylus. On the other hand, 
should the termination be capacitative (that is, a mechanical com-
pliance) the force will decrease by 6 dB per octave. This is analogous 
to a constant current through a capacitor. Finally, if the termination is 
that of a mass ( inductance in electrical terms) the force will increase 
at 6 dB per octave. The effect of these terminations on a normalized 
fine-groove recording characteristic is shown in Fig. 13. 
The output from a piezo-electric crystal is proportional to the force 

applied across it. The equivalent circuit in Fig. 14 shows that the back 
clamp of the crystal consists of a compliance in series with a resistance. 
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FIG. 13.—EFFECT OF CRYSTAL TERMINATION ON OUTPUT FROM 
GROOVE RECORDINGS. 

a, Resistive termination; b, compliance termination; 
c, mass termination; d, practical pick-up. 
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C1 

STYLUS MASS X TA L, MA SS 

M t m2 

C2 C3 
X TA L 

COMPLIANCE 

MECH ELEC 
TRANSDUCER XTAL 
RATIO I: N CAPACITY 

Cs 

RECORD/STYLUS COUPLING ARM MOUNTING PAD 
COMPLIANCE LOSS & COMPLIANCE LOSS & COMPLIANCE 

FIG. I 4.— SimrLE AN-au-an-a roa CRYSTAL Pick' -11 RTRII )1 .1. . 
R„ R, and R 3 added lo reduce mechanical resonance. 

Resi,' dive termination : 11,, R 2 and R 3 predominate. 

Compliant termination : R, M, and M, short-circuited. C3, 1-12 and R ; 
open-circuited. 

Mass termination; R, short-circuited. C 1. C2 C3, R, and R, opon-circuited. 

Note: LT is tone arm mass and resonances. Total compliance to the L.F. 
resonance •.:`-2 30 cis. 

These are physically realizable from a plastieized co-polymer of P.V.C. 
in which, generally, the loss component is provided by the plasticizer 
and the reactive component by the resin. Thus, by suitably com-
pounding the clamp, the time constant can be such as to provide 
low-frequency equalization. The driving member (or coupling arm) 
is fashioned in a similar manner, and again, by correct dimensions and 
ratio of plasticizer and resin, high-frequency equalization can be 
achieved. Clearly the equalization is never completely accurate, but 
with a well-designed and manufactured pick-up the variations should 
not be greater than the tolerance found in recording characteristics on 
current records. 

In general, crystal pick-ups give an output voltage of between 
approximately 0. l and 1 volt for low-frequency compliance of approxi-
mately 4-5-0.5 < 10-6 cm./dyne. They are reaSonably flat and smooth 
to about 7 or 8 kcis, and the output then attenuates at up to 18 dB 
per octave. Part of their high frequency response is due to deliberate 
introduction of resonance in the cantilever stylus system, generally 
between 9 and 12 Ice/s. In some turn-over types of cartridge a re-
duction of output between 3 and 5 ke/s is apparent. This is due to the 
resonance of the free stylus absorbing energy from the driving circuit. 
Whilst this %vas a noticeable feature .of early turn-over cartridges, 
its effect has been reduced considerably, so as to 15e almost negligible, 
by correct proportioning of the driving member. This type of cartridge 
is used practically to the exclusion of all others in popularly priced 
record reproducers and radio-gramophones, and the frequency re-
sponse and distortion characteristics are more than adequate for 
the type of loudspeaker normally fitted in such equipment. 

Stereophonic Types 

The arrangements shown in Fig. 15 (a) and .(b) form the basis of most 
current stereophonic crystal cartridges. In both designs separate 
crystals are used to provide the two outputs. 
The principles of stereophonic disc recording are outlined in Section 
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A—clamps. CRYSTAL A 

B—stylus arm 
pivot. 

0—stylus arm. 
D—stylus. 
B—crystal A tor-

sion arm. 
Y— crystal B tor- E 

sloe arm. 
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CRYSTAL 
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(a) (b) 

FIG. 15.—CRYSTAL STEREO PICK -TIPS . 

CRYSTAL A 

PIVOT 

STYLUS ARM 

37. Both the designs shown in Fig. 15 are for use with recordings made 
on the standard " 45/45 " system. 
To consider, first, the arrangement shown in Fig. 15 (a): Movement of 

the stylus (D) and stylus arm (C) in direction x will move tension arm F, 
thus bending crystal B, which is clamped at its farther end, thus causing 
an electrical output from this crystal. This movement will not affect 
tension aria E and crystal A. Movement of the stylus in direction y 
will, similarly, result in an electrical output from crystal A but not from 
B. Thus the complex movements of the stylus in directions x and y, 
as it follows the complex-cut track of the stereophonic disc, will provide 
a dual-channel output from the two crystals. 

In the design shown in Fig. 15 (b) the two crystals are arranged in a 
" diamond structure resolver ". Movement of the stylus and stylus 
arm in direction x (parallel to sections C and B of the coupler) will 
cause movement of sections A, C and D of the coupler; thus crystal B 
(which is clamped at its other end) will produce an electrical output. 
During this movement, section B of the coupler remains stationary, so 
that crystal A is not affected. Movement of the stylus in direction y 
will, in the same way, provide an output from crystal A, section A of 
the coupler then remaining stationary. 
The treble response of most stereophonic crystal cartridges extends 

to only about 8 kc/s, and the dynamic mass referred to the tip is of the 
order of 13-14 mg. 
Because of the small dimensions of a stylus for stereophonic discs, 

the playing weight of a stereophonic cartridge must be kept low, though 
it must be sufficient to keep the stylus in the track, which will at times 
be much shallower than the standard monophonic microgroove track. 
To iteep record wear to reasonable limits, and delay the development 
of fitts on the stylus, under these conditions, a diamond stylus is 
advisIble. 

Constant-velocity Pick-ups 

The constant-velocity cartridge is usually based on one of the follow-
ing magnetic generating systems: (a) moving conductor; (b) vibrating 
reed supported at the remote end; (c) vibrating reed supported at the 
front end (this is now obsolete); (d) vibrating reed, usually known as 
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the variable-reluctance type; (e) balanced armature; (f) moving 
magnet. 
Thé basic equation for any magnetic generating system is 

E=N x 

where 9 is the magnetic flux and N the number of tunas. Therefore, 
in essence, all that is required to obtain the output voltage is to vary 
the flux linkage with pick-up coil in a predetermined manner. In 
practice, there are many difficulties in attempting to achieve this. 

Moving-Mil Pick-ups 
The moving-coil generator is magnetically and mechanically the 

simplest. There are two generally available forms. One, the " long 
coil ", was developed by Voigt in the early 1930s, and is shown 
schematically in Fig. 16. On w,,11-designed units, the effective mass can 

STYLUS 

RUBBER BEARINGS 

DIRECTION OF RECORD GROOVE 

GROCP4 MODULATIONS 

PIG. 16.—THE " L9NG COIL" MOVING-COIL PICK-UP. 

be reduced to 2 mg.; the low-frequency compliance will be of the order 
of 5 x 10-4 cm./dyne; and, if correctly assembled and balanced, the 
resonant frequency will be in excess of 20 kc/s. It -suffers from the 
disadvantage that the stylus is rigidly coupled to the coil, with the result 
that a considerable mass must be vertically accelerated due to " pinch 
effect " at high frequencies. This can result in the generation of" even" 
harmonic distortion and considerable amounts of" needle chatter ". 
The other form is schematically shown in Fig. 17. In this the coil 

is mounted vertically and is driven from a short cantilever stylus. 
Because there are no clearances to worry about between the bottom of 
the coil and the record, the magnetic system can be increased in size, 
with the result that the number of turns, and hence the dynamic mass 
of the coil system, can be considerably reduced. Thus the added 
mass due to the cantilever is offset. In the best examples of this type, 
needle talk is practically absent, the upper resonant frequency is about 
22 kcis and the compliance is of the order of 5 x 10-4 cm./dyne. A 
low-impedance coil must be used with this type to keep the number of 
turns, and therefore the mass of the winding, to a minimum. It is 
almost always used with a matching transformer, with.sa turns ratio 
between 30 and 100: 1. The output at the secondary terminals is 
usually about 3-5 mV/cm./sec. recorded velocity. 
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MAGNET 

E 

(a) (b) 
Fm. 17.— CANTILEVER M OVING-COIL PICE-VP. 

(a) Schematic diagram; (b) practical arrangement with magnet removed: 
A, stylus; B, barium copper cantilever 0.100 in. long; C, ferrous rod; D, rubber 
bearings; E, leads, F, coil: G, polystyrene bracket. 

Moving-armature Pick-ups 

A schematic diagram of a moving-armature pick-up is shown in 
Fig. 18. In one well-known design using this principle, introduced 
shortly after the Second World War the frequency response was true 
velocity to about 8 kcis, rising by about +8 to ± 10 dB at the resonant 
frequency, which varied between 0 and 14 kcis. Because the pick-up 
coil was stationary, it was quite massive and outputs of the order of 
0.1 volt were common. The disadvantage was that the effective 
vertical mass of the stylus referred to its point was four times that of the 
lateral mass; the vertical stiffness was very many times that of the 
lateral stiffness, which varied between 1 and 2.5 x l0 cm./dyne, and 
resulted in considerable amounts of needle chatter being generated. 
Developments of this type have produced tiny micro-armatures, 

in-which the resonant frequency has been brought to an upper limit of 
22 kcis. Whilst the vertical compliance has been considerably in-
creased by using a back bearing of nylon or some other plastic material, 
the needle talk is, however, always greater (because of the unavoidably 
high vertical to lateral dynamic mass ratio) than with a cantilever type 
of construction with the same frequency response. 

FIG. 1 8.--SCHEMATIC DIA. 
GRAM OF A MOVING-ARMA-

TURE PICK-UP. 

RUBBER TORSION BLOCKS 

MU METAL 
.KUAKIIME STYLUS 

GROOVE 
MODUI ATIONS 
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PICKUP COILS 
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METAL 
YOKE MOVING 
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BEARINGS 

CANTILEVER STYLUS 

DIRECTION OF MAGNETIC AXIS 
RELATIVE TO STYLUS ARM 

MOVEMENT OF STYLUS 
(AND HENCE MAGNETIC 

FIELD) 

FIG. O.—SCHEMATIC VIEW OF MO V / NG -MAGNET PICK - LT P. 

Moving-magnet Pick-ups 

Tho moving-magnet pick-up is the inverse of the moving coil, having 
a stationary coil with a moving magnet. A schematic diagram of this 
system is shown in Fig. 19. In one version, the magnet consists of a tiny 
rod of ferrite material, magnetized across its diameter, and driven with 
a cantilever stylus arm. The resonant frequency of this unit before 
damping is of the order of 15 kcis, the response being within 2 dB up 
to that limiting frequency, after which it " dies " at about 18 dB per 
octave. Sensitivity, is approrimately 4 mV/cm./sec., giving an output. 
of 24 mV r.m.s. for a peak ve lity of 6 cm./sec. The upper bearing is 
rubber, and the lower one P.V.C., this arrangement giving a lateral 
compliance of 5 x 10-6 cm./dyne. 

Variable Reluctance Pick-ups. 

This is one of the most popular magnetic cartridges. Whilst all 
magnetic cartridges other than the moving-coil type are by definition 
variable reluctance, the term has come to be associated particularly 
with the system shown schematically in Fig. 20. The magnetic circuit 
consists of a magnet, from which the flux is carried by a cantilever stylus 
arm symmetrically disposed between the polo pieces of two pick-up 
coils. The remote end of the pole pieces are magnetically connected 
to the other end of the magnet. Displacing the stylus from its position 

CANTIL EVER 
BACK BEARING 

MAGNET 

CANTILEVER (MAGNETIC MAT.) 

STYLUS 

N 

20.---S,nEmATric 
A VARIABLE RELV,-

T % NCI: CARTRIDGE. 
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21.—" Tummy= " 
T YPE VARIABLE RE'LIIC. 

TANCE CARTRIDGE. 

A, Mumetal pole pieces; 
B, ferrous stylus arm; C, 
magnet; D, contact pins; 
E, rubber stylus arm 
clamping block; F, coil 
(other one is in mould-
ing); G, turnover knob. 

of rest increases the flux in one core and reduces the flux in the other. 
The coil windings are so phased that the induced e.m.f.s are series 
aiding. In current types the stylus arm is usually less than Ar in. long, 
and can be made almost mechanically aperiodic by the judicious use of 
damping material, either on the stylus pedestal or along the arm. The 
effective stylus mass is usually of the order of 2-4 mg.; the lateral 
compliance 5 x 10-8 em./dyne; and the resonant frequency would be, 
if the damping material were removed, about 17-23 kcis. 
The form of design makes it very suitable for the production of 

" turnover " or" turn-around " cartridges. 
It is unfortunate that with the variable-reluctance magnetic cartridge, 

the magnetic efficiency is not very great, with the result that several 
thousand turns of wire must be accommodated on each pick-up coil. 
It is impossible to obtain exact magnetic symmetry, so that the unit is 
susceptible to hum-pick-up. It is therefore usual to fit a Mumetal 
magnetic shield completely enclosing the cartridge. 

Stereophonic Cartridges 

Both the variable-reluctance and moving-coil systems have been 
successfully adapted to the requirements of a stereophonic pick-up. 

Fig. 22 shows a variable-reluctance arrangement for a stereophonic 
pick-up. The permanent magnet is not shown, but occupies a similar 
position to that in the monophonic arrangement shown in Fig. 20. 
Movement of the stylus and armature in the direction x'x" induces a 
voltage across coils 1 and 3 (in series), the output being from terminals 
A and C. As, during this movement, the armature remains parallel to 
pole pieces L and 0, no voltage will be induced across coils 2 and 4. 
Similarly, movement of the armature in direction y'y" will induce a 
voltage across coils 2 and 4, with output from terminals A, B, there 
being no effect on coils 1 and 3. 

In moving-coil arrangements the two moving coils are of different 
physical dimensions, and are placed one within the other, at 90° to each 
other, in the gap of a suitably designed magnet. Arranged thus, the 
composite movement of the assembly consisting of armature, stylus and 
two coils provides at the terminals of the two coils the resolved outputs 
for the two channels. 
The mass referred to the stylus tip for a well-designed magnetic 
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STYLUS ARMATURE 

B C 

FIG. 22.—ONE ARRANGEMENT OE VARIABLE-RELUCTANCE STEREO CARTRIDGE. 

stereophonic cartridge can be 0.5-2 mg. The vertical and lateral 
masses should be equal, and the compliance of the order of 5 x HY° 
cm./dyne. 
Some degree of cross-modulation between the two channels is almost 

certain to occur in the pick-up, as it is difficult to prevent one trans-
ducer from having some response to the other channel. Cross-modula-
tion should not be serious, provided that rejection of the unwanted 
channel is of the order of 25 dB at 1 kcis. 
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32. LOUDSPEAKERS 

TYPES OF LOUDSPEAKERS 

Electromagnetic Types 
These include the reed-armature and balanced-armature units, which 

both depend for their action on the mechanical forces resulting from the 
magnetic variation due to a fluctuating field and a constant polarizing 
field (Fig. 1). 
The reed- and balanced-armature types usually employ either a 

simple bar or horsehose type of magnet, the driving force being 
dependent upon the strength of the magnetic fields. 

MAGNET 

(b) 

POLE 

FM. 1.—ELECTROMAGINETIO LOJIDSPE &REAL 

Condenser Type 
In the condenser system mechanical forces are set up due to electro-

static action. 
The system can either be unilateral (Fig. 2) or bilateral. In the 

bilateral type the moving plate is situated between two fixed plates. 
A polarizing field is required for this type of loudspeaker. 

Crystal Type 
The crystal type (Fig. 3) is principally used for extremely high 

frequencies. A crystal driving system is one in which the mechanical 
forces are set up by the deformation of the crystals which have converse 
piezoelectric characteristics. 

Electro-dynamic 
The dynamic or rnoving,coil type of loudspeaker is one in which 

mechanical forces are developed as a result of the interaction of two, 
magnetic fields, one the field due to a permanent magnet and the other 
due to a current-carrying coil (Fig. 4). When a current is passed 
through the coil, it moves axially either into or out of the magnet, 
depending on the direction of the current. The force, in dynes, due to 
the interaction of the field resulting from the current in the moving coil 
and the magnet's field is 

-= BU 
32-2 
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FIG. 2.—CONDENSER TYPE 
LOUDSPEAKER. 

where F„, = forces in dynes; 
B = flux density in gauss; 
/ = length of conductor in centimetres; and 
i = current in absolute amperes. 

The electromotive force in absolute volts developed by the motion is 
e Blv, where te = ve ocity, in cm./second, of the coil. 

3 2-3 

FIG. 4. — ELECTRO. 
DYNAMIC OR Movirro. 
COIL LOUDSPEAKER. 

3.—CRYSTAL LOUD-
SPEAKER. 
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The electro-dynamic type is the loudspeaker generally used today, 
and this will be dealt with in detail. 
From the foregoing, it can be seen that the driving force, and hence 

the acoustic output, is proportional to the flux density. It will be 
appreciated, therefore, that with the increase in efficiency of magnet 
steels it is possible to manufacture loudspeakers which are much more 
efficient with regard to performance, and also to obtain a given per-
formance with smaller and lighter magnets. 

MAGNETS 
Economical Working Limit 

There is a limit to the flux density utilized in the new magnet steels 
above which the magnet becomes uneconomical. From the graphs of 
Fig. 5 it will be seen that the economical working point of Alnico is 
10,000 gauss, and for Alcomax is 12,000-14,000 gauss, when con-
sidering a magnet having a 1-in. pole. It is necessary from an 
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economical point of view to take into consideration the cross-section, 
and hence the weight of soft iron required. Whilst the curve for 
Alnico commences to flatten out before 10,000 gauss, it is possible to 
obtain up to 10,000 gauss without unduly increasing the iron section, 
thus making it economical to work at this flux density. 

Types of Magnets 

Various forma of magnets used on moving-coil loudspeakers are 
illustrated in Fig. 8: the shaded portion is the actual magnet steel, and 
the unshaded parts are soft iron. The claw type of magnet, Fig. 6 (a), 

(a) 

(c 

(b) 

d 
FIG. 8.—TYPES OF MAGNETS. 
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was used extensively between the years 1930 and 1933, and represented 
one of the earliest commercial forms of permanent magnets for use on 
moving-coil loudspeakers. The slug type of magnet (Fig. 6 (b)) was 
developed during the year 1933, and was used at that time on loud-
speakers of the smaller type. The ring type of magnet shown in 
Fig. 8 (c) is one which is very extensively used today, being used on 
almost every moving-coil loudspeaker, irrespective of size. This shape 
is very convenient for manufacture. 
The type of magnet shown in Fig. 6 (d) is a recent development, and 

is known as the centre-pole type. At present the flux density which is 
obtained on this type of magnet is limited, but the external field is 
almost negligible. This factor, coupled with the use of a non-magnetic 
chassis, makes it ideal for television receivers, where the external field 
can cause distortion of the picture. 

FIG. 7.—SEARCH COIL USED TO TEST 
THE FLUX DENSITY. 

ADJUSTABLE 
CORE 

WINDING 

Heat Treatment 

Tho full properties of magnet materials arc realized only after correct 
heat treatment. Tho treatment necessary may range from a single 
heating and quenching to a complicated process requiring three different 
heatings, each followed by a controlled cooling. 
The heat-treatment magnetizing of the Alcomax type of alloy is 

carried out either by means of large electro-magnets or permanent 
magnets, the field strength necessary being of the order of 1,500 oersteds. 

Magnetizing • 

Magnetization is invariably carried out electrically, and in its simplest 
form is done by placing the magnet in, or along, a solenoid, which is 
then energized. A modification of this method, is by the use of a 
solenoid having a soft-iron core. A very heavy current is passed 
through the coil, and so produces a large magnetizing force. 

Another method is to use a magnetizing transformer which has the 
secondary in the form of a single turn. 

Testing Methods 

Measurements of total flux or flux density are usually made by a 
search coil (Fig. 7) in conjunction with a flux meter. The search coil 
has a known number of turns, and is placed in the magnetic gap and 

TT 
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FIG. 8.—HYSTERESIS 
LOOP. 

removed from a region of high flux to ono of negligible flux and the 
change of flux linkage noted. 

Maxwell turns > Deflection on meter 
Flux Density — 

Area cut by search coil hi sq. cm. 

Interpretation of Test Figures (Fig. 8, 
The portion between end IL. is the only part of the full loop in 

which the magnet manufacturer and user is interested. A flux density 
in a magnet equal to B,,,,„ could lit , obtained only if the magnetic 
circuit external to the magnet had zero reluctance. If there is a gap, 
flux lines will appear at the face and across the gap. This flux obviously 
requires a capacitance of some picafarads to maintain it, and this is 
taken from the magnet itself. The working point is no longer B,„„„ 
but has dropped along the curve to some point Bi (Fig. 8), where the 
corresponding value 11, is that required to maintain the gap flux. (The 
result is as if there were a force tending to demagnetize the system.) 
The energy required to maintain the flux in the gap is proportional 

to the area of the rectangle" /3, x He Innumerable such rectangles 
may be drawn inside the demagnetizing curve, and it will be seen that 
at some point between points B„,„ and H, the area is a maximum. 

If the rectangle of maximum area has co-ordinated B,„ and H„„ then 
it will be obvious that maximum energy will be obtained from the 
magnet if the gap length is such that B is equal to B„:, and H to H„,. 
This aren B„,11„, is called the BH.,, of the material, and is the true 
criterion of the performance of a magnet alloy. 

Design Considerations Relating to the Magnet 

Effect of Non-uniformity of the Magnetic Field 

For a moving-coil loudspeaker to radiate even a small amount of, 
power, the amplitude of movement of the coil will be appreciable.' 
The excursion may be large enough, particularly at low frequencies, for 
the coil to move a considerable distance out of the gap, and- so into the 
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Fro. 9.—MernoDs or 
REDUCING DISTORTION. trmc3\ 

(a) (b) 

leakage field of the magnet, the flux density of whieh rapidly decreases 
as the distance from the gap increases. It has been stated that the 
force F = BU, and therefore if the value of B varies in the space 
traversed by the moving coil, the driving force will not always be 
proportional to the current in the coil, and hence distortion will result. 

In order to minimize this effect, one of two methods is generally 
used. The first is to make the speech-coil longer than the flux face of 
the magnet, thus maintaining a constant inter-linkage of the flux and 
the moving-coil turns (Fig. 9 (a)), irrespective of the position of the coil. 
This method has the disadvantage of making the speech-coil heavier, but 
it is inexpensive to apply. 
An alternative is to make the magnet so that the length of the flux 

face is much greater than the length of the moving-coil, thus providing 
a constant flux throughout the amplitude of the coil excursion 
(Fig. 9 (b)). This method, which is very efficient, is of course costly, as 
to maintain the required flux density in the increased gap requires a 
larger amount of magnet steel. It is, however, becoming an economical 
proposition due to the more efficient magnet steels now available. 

Relation o! Acnustic Output to the Magnet 
Consider two magnets, both having a flux density of 10,000 gauss, but 

one with a gap length of 0.050 in. and the other a gap length of 0.025 in. 
It will be obvious that, if the same number of turns are to be accommo-
dated on the moving-coil, wire of smaller diameter will have to be used 
in the case of the smaller gap, and this in turn results in a higher coil 
resistance. The losses in the latter cade -would be greater, with a 
corresponding loss in acoustic output. 

Again,. -onsidering two magnets, both having a flux density of 10,000 
gauss (ana the same air-gap) but one with a centre pole of 1.5 in. dia-
-meter and the other with a centre pole of 1 in. diameter, it will be 
appreciated that ;n the former case a larger coil, with a greater handling 
capacity and mc 3 total driving force, can be accommodated. 

It follows, thucefore, that flux density (lines of force per square 
centimetre) is not a real indication of the loudspeaker's potential per-
formance, and the factor to be considered as a measure of this-must also 
inolude some reference to the area and volume of the air-gap. 
The term which more nearly gives an indication of the expected 

performance is the total flux of the magnet, which is proportional to the 
flux density multiplied by the mean area of the air-gap. 

Table 1 gives details of various types of loudspeakers, and shows the 
size of the magnet usually associated with them. 
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TABLE L— T . PICAL RANGE OF LOUDSPEAKERS 

Type 
Flux-

bensity 
(gauss) 

Pole 
Dia-
meter 
(in.) 

Gap 
Length 
(in.) 

Flux 
Face 
(in.) 

18-14 
12-135 
10-42 
9-10 
8-10 
8-08 
6-10 
6-07 
5-135 
.5-07 • 
3-57 
2-57 

14,000 
13,500 
12,000 
10,000 
10,000 
8,000 
10,000 
7,000 

13,500 
7,000 
7,000 
7,600 

2-5 
1-5 

1 
1 
1 
0-75 
0-75 
0-75 
0-75 
0.625 
0-375 

0-063 
0-050 
0-043 
0-043 
0-043 
0-043 
0-040 
0-040 
0-040 
0-040 
0-035 
0-033 

0-312 
0-25 
0-187 
0-187 
0-187 
0-187 
0-125 
0-125 
0-125 
0-125 
0-125 
0-093 

Total 
Flux 

227,000 
106,000 
47,400 
39,500 
39,500 
31,600 
20,000 
14,000 
27,000 
14,000 
11,500 
5,285 

Speech- Hand-
coil ling 
1m- Capa 

pedance city 
(ohms) (watts) 

15 30 
15 15 

3 or 15 10 
3 or 15 6 
3 or 15 5 
3 or 15 5 
3r 3-0 
3 3-0 
3 3-0 
3 2-5 
3 2-0 
3 0-3 

Types 12-135 and 5-135 are good examples as to why total flux, and 
not flux density, should be considered as the indication of a loudspeaker's 
performance. Both loudspeakers have maguets with a flux density of 
13,500 gauss, but the total flux of the 12-135, which has a 1-5-in. 
diameter centre pole, 0-050-in, gap and 0-25-in, flux face, is 106,000 lines, 
compared with the 5-135, which has a centre pole of 0-75 in. diameter, 
0-040 in. gap and 0-125 in. flux face, with a total flux of 27,000 lines. 

The Effect of Plus Density upon Performance 

Fig. 10 shows the steady-state response curves of a loudspeaker taken 
with two different magnets, having flux densities of (a) 8,000, and 
(b) 12,000 gauss respectively, and the lower part of the illustration shows 
the impedance characteristics. It will be noted from the impedance 
curve that the frequency e the. bass resonance increases with increase 
of flux density, moving from 88 c/s with a magnet of 8,000 gauss 
up to 96 cis with a magnet of 12,000 gauss and, from the response curves, 
it will be noted that there is an average increase of 8 db in output. 
This increase, however, is not constant at all frequenuies. 

It will be appreciated, therefore, that when, designing a loudspeaker to 
give .a certain charaoteristic, increasing the flux der sity for the obvious 
reason of increasing sensitivity, the frequency response will not 
necessarily remain the same, but will probably be slightly altered, 
necessitating a modification in the design of the cone and coil. It 
follows that to obtain the added advantages of higher flux-density 
magnets, it is. necessary to treat the magnet and the cone-and-coil 
assembly as a composite unit. 

Cone and Coil Construction 
It is necessary that both the cone and coil should be able to handle the 

stated input without distortion and break-up, also that they shall repro-
duce the frequencies evenly over as wide a frequency range as possible. 
To do this the cone must be of a material which will allow full amplitude 
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at low frequencies; it is necessary, therefore, that the periphery of the 
cone shall be of a soft and more flexible material than the cone itself. 
The speech coil should be wound on a very light former which will not 
introduce losses, and also the former must be very strong to prevent 
any èollapse during movement. This is extremely important for the 
reproduction of transients. 
To obtain this performance, the cone is manuiactured from small pulp 

fibres which are allowed to settle on to a basket and thus take up a 
natItiral position and not be under any stress or strain. The surround 
of the cone is usually made thinner by allowing only a small quantity 
of pulp fibres to settle in this position during manufacture. After the 
cones have been settled into a normal shape, they are pressed into final 
shape, then treated to eve a desired performance and also to make them 
suitable for withstanding certain climatic conditions. 
The centre-piece of a loudspeaker has to be made of a material which 

will allow freedom of movement but will not tire over long periods. 
On the majority of commercial loudspeakers either a cambric is used, 
which is blanked to a certain shape, or a flexible material is used which is , 
formed not only to be a centre-piece, but also to act as a dust excluder. 

Fabric-based Cones 

One type of cone, which is now being used to give an improved 
response, consists of a loosely woven linen or cotton cambric upon which 

PRESSURE -1 
UNIT 

11.—LOUDSPEAKERS Usnço 
PRESSURE UNITS. • 

HORN 
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LOW AND MEDIUM 
FREQUENCY CONE 

LOW AND MEDIUM 
FREQUENCY 

CENTRING DEVICE 

HIGH FREQUENCY 
HORN 

LOW AND MEDIUM 
FREQUENCY 
SPEECH COIL 

TRANSFORMER 

PHASE EQUALIZER 

HIGH FREQUENCY 
SPEECH COIL 

HIGH FREQUENCY 
DIAPHRAGM 

ALCOMAX III MAGNET RING 

CROSSOVER NETWORK 

CHASSIS (PRESSURE DIE CAST) 

FIG. 12.—DTJPIJCX TYPE OP LOUDSPEAKER. 
This type is usually used in conjunction with a half-section series crossover. 

is deposited a relatively compact fibrous material, with the exception 
of that part of the diaphragm which forms the peripheral corrugations. 
The corrugations are thus left very flexible, enabling a very low resonant 
frequency to be obtained, and also a greater uniformity from diaphragm 
to diaphrana to be secured in manufacture. 

PRESSURE UNITS 

These units have two prinoipal uses: 

(1) for public-address work; 
(2) for use as a high-frequency speaker. 

The driving mechanism is essentially the same in both cases, i.e., 
electro-dynamic. An aluminium-alloy diaphragm and an aluminium 
speech-coil are generally used to reduce the mass. 

For public-address work, where low frequencies are required to be 
reproduced as well as the high;the horn loading must be increased: the 
lower the frequency required, the longer the horn. This necessitates 
horns being several feet in length; where they can be permanently 
fixed no trouble is encountered, but when required for mobile use or 
where length must be kept short, the re-entrant horn is used, Fig. 11. 
This consists of folding the horn back within itself; with just one fold 
the overall length can be halved. 
When used simply as a high-frequency speaker (to increase the fre-

quency range of a system), the construction is slightly different. The 
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diaphragm is usually mounted at the rear of the magnet, and the centre 
pole is hollowed out to form the beginning of the hose, Fig. 12. The 
phase equalizer is inserted to ensure that all the frequencies coming from 
the remote parts of the diaphragm arrive at the throat in phase. The 
horn is completed by non-resonant moulding screwed into the front of 
the magnet pole, which, as the unit is only for high frequency use, is a 
few inches long. 

Duplex Type of Loudspeaker 

The duplex loudspeaker consists of a low-frequency cone unit with 
a horn-loaded high-frequency unit mounted concentrically within it. 
It is possible with this type of unit to obtain a very wide frequency 
response. 
The magnet system used is known as a series-gap type, and from the 

diagram (Fig. 12) it will be seen that the centre pole is hollow to form the 
commencement of the pressure horn. 

Phase equalization of the higher frequencies is carried out by means of 
the phase equalizer. 

It is usual on this type of loudspeaker to fit a crossover network to 
separate the frequencies which are to be applied to each driving system. 

CROSSOVER NETWORKS 

Crossover networks are used when two (or more) loudspeakers are to 
be connected to obtain a wider frequency response. A large loudspeaker 
is generally used for the lower frequencies, and a pressure unit or small 
speaker for the higher frequencies. 
The crossover is used to separate the units so that inter-modulation 

distortion is reduced where the loudspeaker responses overlap, also to 
keep the extreme low frequencies from entering the pressure unit and 
damaging the diaphragm assembly. 

Fig. 13 shows the various types employed. The quarter-section 
types are the cheapest to manufacture, but have an attenuation of only 
db/octave away from the crossover frequency. 
10 db/octave is obtainable from the networks shown in Fig. 13 (e) 

and (d). 
From the filter type, half-section (Fig. 13 (e) and (f)) an attenuation of 

12 db/octave is obtainable; and although this type does not provide as 
constant a resistance as Fig. 13 (e) and (d), this is offset by the greater 
attenuation, this characteristic being preferable as the inter-modulation 
distortion is further decreased. 

TABLE 2.—Cooxx AND CAPACITOR VALUES FOR CROSSOVER 
NETWORKS 

Choke 

Ll • 2.4 mH 
L2 • 1.5 mil 
L3 • 1.7 mH 
IA . 3.4 mH 
L5 3.83 mH 

Capacitor 

Cl . 10.8 e 
C2 . 17 e 
C3 . 15 FiF 
C4 . 7-5FF 
C5 . 6.8 kiF 
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IN 

IN 

CONSTANT RESISTANCE 

L.F. IN 

H.F. 

(a) OUARTER SECTION SERIES 

L3  pep_S 
C3 L.F. IN 

H.F. 

(c) HALF SECTION SERIES 

IN 

Li  

0000 \  

see C2 L.F. IN 

Li 

L.F. 

H.F. 

(b) QUARTER SECTION PARALLEL 

L4 

(d) HALF SECTION PARALLEL 

FILTER TYPE 

H.F. 

L5 

1 L.F. 

H.F. 

(e) HALF SECTION SERIES (f) HALF SECTION PARALLEL 

FIG. I 3.—CROSSOVER NETWORK CIRCUITS. 

The figures in this table are for a crossover at 1,000 cis with 15-ohm 

loudspeakers. 
The crossover frequency is inversely proportional to the component 

values; thus we may say: 

(1) to double the crossover frequency, halve the values of L and C; 
(2) to halve the crossover frequency, double the values of L and C. 

When halving the loudspeaker impedance, multiply all C values 
by two, divide all L values by two and so on. 
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'To keep the insertion loss low, normal electrolytic capacitors should 
not be used, as they require a D.C. polarizing voltage and will cause 
a high loss due to the high resistive component. Air-cored coils having 
low resistance should be used in preference to iron-cored ofies. 

MATCHING 

Line Matching 

It is often necessary for a number of loudspeakers to be run from one 
source and for each loudspeaker to consume only a limited alnount of 
power. 
To do this the amplifier used has an output transformer having a 

relatively low output impedance, say 200 ohms. Assuming the output 
of the amplifier to be 50 watts, it would be possible to run 100 loud-
speakers from it, each loudspeaker to consume 0.5 watts. As the loud. 
speakers would be. connected in parallel, the individual impedance of 
each one would have to be 200 x 100 = 20,000 ohms. 

It is, of course, possible to arrange the loudspeakers to consume 
varying amounts of power thus, 

5 loudspeakers consuming 5 watts 
10 loudspeakers consuming 2 watts 
5 loudspeakers consuming 1 watt 

The relative impedance can then be calculated as follows: 

Amplifier output . . 50 watts 
Impedance: . . 200 ohms 
Therefore line voltage . 100 volts 

Therefore : 

E2 (1) for 5-watt loudspeaker, IV = 

Impedance = 19-9! = 2,000 ohms 
o 

(2) for 2-watt loudspeaker 

1002 
Impedance --- = 5,000 ohms 

2 

(3) for 1-watt loudspeaker 

Impedance =  1002 = 10,000 ohms 

Matching to an Output Stage 

To determine the correct transformer ratio to match the loudspeaker 
to the output stage. 

Transformer ratio — Optimum load impedance 
/Si Loudspeaker impedance 
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PERFORMANCE TESTS 

Performance tests can be divided into " Subjective " and 
" Objective" tests. 
A subjective test is the actual listening to or comparing of loud-

speakers by an individual or individuals. Objective tests are ones 
carried out by means of instruments, the results being such that they 
can be recorded and used as a means of reference for the specifying and 
comparison of performance. 

Typical objective tests are : 

(1) frequency response; (5) efficiency; 
(2) impedance; (6) power-handling capacity; 
(3) polar response; (7) transient response. 
(4) distortion; 

The frequency response of a loudspeaker is usually taken either out-
doors, in such a position as to be away from all reflecting surfaces, or in a 
soundproof or " dead " room. 
The loudspeaker is fed with a constant voltage from an oscillator 

covering the frequency band over which it is desired to make the test. 
The output from the loudspeaker is picked up by a microphone, which 
is connected to an amplifier. The output of the amplifier actuates 
some form of recording meter. 
As the oscillator frequency is varied, the output of the amplifier is 

noted and a frequency/output characteristic.plotted. 
Automatic methods are now used, making it possible to view a 

frequency-response curve on a cathode-ray-tube screen. Such devices 
usually employ a beat-frequency oscillator with automatic frequency 
sweep and a logarithmic amplifier which will give a linear decibel scale. 
The impedance varies with frequency, and is usually quoted at one 

particular frequency, or a curve of the loudspeaker impedance character-
istic is given. 

o 

FIG. 14.-TYPICAL LOrOSPEAKER POLAR RESPONSE. 
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The polar response of a loudspeaker is the response measured at vary-
ing degrees from the axis of the loudspeaker, and is used to determine 
the diffusion of the sound. A typical response is shown in Fig. 14. 

R. T. La. 

LOUDSPEAKER ENCLOSURES 

A loudspeaker cone vibrating in free air produces at both its front and 
rear faces alternate compression and rarefaction in the adjacent air 
layers; these are propagated as sound waves. At low frequencies, 
however, where the wavelengths are comparable with the dimensions 
of the cone, the air compressed at any instant upon one face will flow 
into the rarefaction occurring simultaneously at the other. The total 
radiation of sound will thus be negligible. To overcome this, it is 
necessary to load the loudspeaker. There are a number of systems, 
each with certain advantages and disadvantages, used n current 
high-fidelity practice. Cabir et loading, as used in domestic radio 

A  .6 dr practice is also discussed in Section 14. Symbols used in the figures 
"4 of this section: Cb stiffness of enclosed air; C. stiffness of cone sus-
izop pension; f frequency; M. mass of cone; M, mass of air in aperture or 

tunnel; R„ radiation resistance; R. resistance due to friction in cone 
suspension; Rd resistance due to electro-magnetic damping; R„ resist-
ance of air in aperture or tunnel. 

Baffles 

The most elementary way of parating the front and rear radiation 
from the loudspeaker cone is to mount the loudspeaker on a flat baffle, 
which, ideally, should have infinite area. The nearest practical ap-
proach to this is to mount the loudspeaker in a wall, e.g., the partition 
between two rooms. In doing this, precautions have to be taken to 
ensure that the effective " tube " formed by the wall thickness and 
loudspeaker aperture does not introduce irregularities in the frequency 
response. For example, the edges of the aperture may be bevelled, or 
the aperture may be made considerably larger than the loudspeaker 
and the latter mounted on a wooden sub-baffle of about 1-in. thickness. 

Preferably, the loudspeaker should not be mounted concentrically 
on the baffle: a circular baffle with the loudspeaker mounted con-
centrically will have a much poorer response than a rectangular baffle 
with the loudspeaker mounted off-centre. 

In the case of finite flat baffles, back-to-front cancellation occurs at 
some low frequency depending on the size of the baffle. The minimum 
length (1) of the shortest side of a rectangular baffle for a given low, 
frequency extension (f) is: 

•I = i.n. 
2f 

C being the velocity of sound in air ( 1,120 ft./sec. at 15° C.). In practice. 
there is no point in makingf much lower than the cone resonant frequency. 
A cone loudspeaker acting as a treble unit should have a baffle large 

enough to work down to' half the cross-over frequency. 
:As flat baffles generally apply a relatively small amount of acoustic 

control over the cone movement, loudspeakers having a high degree 
of magnetic damping and a low resonant, frequency suit this typo of 
mounting best. 
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FIG. 15.—ANALOGOLS CIRCUIT 
OF A LOUDSPEAKER IN A COM-
PLETELY CLOSED CABINET. 

R, C, R. L. 

Rd 

T cb 

Flat baffles have the advantage of being free from acoustic resonanceg, 
and do pot restrict the efficiency of the loudspeaker. The disadvantage 
lies in the size required for a reasonable low-frequency extension. 

Closed Cabinets 

An alternative method of preventing front/rear cancellations is to 
enclose completely the rear of the loudspeaker cone in a cabinet. 
The main disadvantage of this system is that the enclosed air behaves 

as an " elastic cushion ", which will act on the cone in a similar manner, 
and in addition to, the stiffness of the cone suspension. The effective 
resonant frequency of the cone is therefore raised, reducing the useful 
low-frequency response of the loudspeaker. Two approaches have, 
with a certain degree of success, been tried to overcome this limitation. 
The first has been to incorporate devices to damp the resonances of the 
loudspeaker, cabinet and enclosed air. This extends the frequency 
response to some extent, although tending to make it uneven. The 
second approach is to develop loudspeakers specially adapted to this 
form of loading. This can be done by providing the cone with a 
very free suspension producing a cone of greater rigidity and providing 
a generously designed magnet system. There will still be a certain 
low-frequency restriction, although this approach does provide a smooth 
response. 
The analogous circuit of a loudspeaker in a closed cabinet is shown in 

Fig. 15. 

Vented and Reflex Cabinets 

A common type of enclosure is vented by means of an aperture in its 
wall. Any enclosed or partially enclosed air volume behaves as an 
elastic cushion. The ar within the immediate vicinity of the aperture 
of a vented cabinet, being capable of flow into and out of the enclosure, 
may be regarded as a homogeneous mass. If this air masa is dis-
turbed in any • way it will oscillate in and out of the enclosure, 
" bouncing" on the " elastic cushion" of air within the enclosure. 
This oscillation will take place at one frequency only, determined by 
the volume of the enclosed air and the dimensions of the aperture. 
Such an acoustic system is known as the Helmholtz resonator, after 
the German physicist. At the resonant frequency of the enclosure a 
maximum impedance will be applied to the rear of the loudspeaker cone, 
reducing its velocity. The radiation from the aperture will be added to 
that of the cone, and, provided that the area of the aperture is sufficient, 
a considerable increase in radiation efficiency may be had at around this 
frequency. 

It is advantageous to arrange for the resonant frequency of the en-
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closure to coincide with that of the cone so that the latter receives 
maximum damping at its resonance. 
Below the resonant frequency of the-enclosure, the enclosed air has a 

very high stiffness reactance and \yin behave as a rigid connecting-rod 
between the cone and the air mass at the aperture, this air mass thus 
being effectively added to the cone will reduce its effective resonant-
frequency. Above the resonant frequency of the enclosure, the air mass 
in the port becomes too inert to move and the enclosure behaves as if it 
were completely closed. This has the effect of raising the effective 
resonant frequency of the cone. Thus two auxiliary resonances occur, 
which produce points of maximum velocity either side of the enclosure 
resonance. This is clearly shown in the impedance curve shown in 
Fig. 16. The upper resonance is a disadvantage, and the lower re-
sonance is of no assistance in extending the range, since the radiation 
from the aperture is at of phase with that from the cone at this 
frequency. 
In order to match low cone resonances, reflex enclosures are rather 

large, although their size is usually reduced by extending the aperture 
inwards by means of a duct or tunnel, thereby increasing the air mass 
and consequently making possible a smaller enclosure for a given 
resonant frequency. 
• In the design of reflex enclosures it is desirable to have the area of 
the aperture equal to that of the piston area of the cone. Then, if the 
enclosure resonance is to be equal to that of the cone, the volume of t lie 
enclosure is given by 

6'2 1 
V -- 7fr-[4T-rli >+ 

where O is the velocity of sound ill air, f is the resonant frequency, r is 
the piston radius of the cone and 1 is the length of the tunnel. 
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Since the volume of this tunnel must be added to that of the enclosure, 
a point is reached beyond which a further increase in tunnel length will 
produce an increase in enclosure volume. The tunnel length for 
minimum enclosure volume is 

1 — — 1.7r 

where co = 2ef. 
A further limitation on the length of the tunnel is that it must not 

exceed one-twelfth of a wavelength at the resonant frequency. 

FIG. 17.—ÁNALOGOUS. CIRCUIT 
OF A LOUDSPEAKER IN A 

VENTED ENCLOSURE. 

The analogous electrical circuit of a vented enclosure is shown in 
Fig. 17. If the impedance characteristic of this is plotted, it will be 
found to correspond to that shown in Fig. 16. The impedance of the 
parallel section, rising to a maximum at resonance, corresponds to 
that of the enclosure. 

Tuned Pipe 

The principle of the tuned pipe is based on the principle of the 
organ pipe, which is that if one end of a pipe is excited at a given fre-
quency and the pipe is exactly a quarter-wavelength at that frequency 
and open at the far end, the reflected wave will be in phase at the source 
end of the pipe, If the pipe were half a wavelength long, the reflected 
wave would tend to cancel that produced by the sound source. If the 
pipe is closed at the far end, the opposite to the foregoing is true. 
One method of applying these properties to a loudspeaker is to use 

an open pipe with the loudspeaker mounted at one end, the length of 
the pipe being such that its fundamental anti-resonance coincides with 
that of the cone resonance, thus procuring some of the advantages of 
the reflex enclosure. 
The length of an open pipe for a given frequency of anti-resonance is 

7,71. — 1•7 1\ - 
ir 

where A is the cross-sectional area of the pipe and where all units are 
of the same denomination. 
Such pipes are rather more simple to construct than reflex enclosures. 

The great disadvantage is the presence of all anti-iesonances and re-
sonances occurring at every quarter-wavelength below the fundamental. 
A way of partially overcoming this is found in the Voigt corner horn, 
where the loudspeaker is mounted one-third of the pipe length away 
from the closed end so that the first resonance above the fundamental, 
that is the third harmonic, is cancelled. 
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Acoustic Labyrinth 

The labyrinth consists of a very long tube or pipe, usually folded 
and heavily lined with absorbing material, with the loudspeaker 
mounted at one end. The purpose of a labyrinth is to absorb completely 
the radiations from the rear of the loudspeaker cone. Its effectiveness 
is limited at low frequencies by its length, the minimum length being 
set empirically at a quarter-wavelength, equivalent to the lowest 
frequency to be produced. 
The load applied to the rear of the loudspeaker by the labyrinth is 

high, and almost entirely resistive. The cone is thus under conditions 
approaching constant velocity. There will therefore be a fall in low-
frequency response, which may be corrected by basa compensation in 
the amplifier. The advantage of labyrinth loading is that ip provides 
complete freedom from resonances. 

The Hotm 

By far the most efficient method of loading a loudspeaker is by mount-
ing it at the throat of a suitably designed horn. The horn may be 
considered as an acoustic transformer, matching the relatively high 
mechanical impedance of the loudspeaker cone to the radiation resist-
ance of the air. We have seen previously how, in the case of direct 
radiator loudspeakers, the radiation resistance is very much smaller 
than the mechanical impedance of the loudspeaker system, hence the 
low efficiency of the direct-radiator type. Horn loading overcomes 
this to a certain extent, and efficiencies as high as 50 per cent (approxi-
mately ten times highér than direct radiator types) have been attained. 
The disadvantage of the horn lies in the size required to maintain 

this efficiency, down to low frequencies. A horn capable of presenting 
a constant-radiation efficiency down to 30 cis from the cone of a 12-in. 
loudspeaker would be over 12 ft. long, and have a mouth of about 
94 ft. The greater efficiency, however, means that smaller drive units 
can be used, thus to some extent reducing the horn length required. 
although there is still a eharp cut-off. Six and eight-inch units are 
commonly used to provide the drive in horn loudspeaker systems. 
It is usual to use the drive unit as a direct radiator for the higher 
frequencies, or to provide a short high-frequency horn, and to take the 
lower frequencies from the back' of he cone via a rear folded horn. 
The greatest efficiency, to be obtained in the smallest space is from an 

exponential horn where the cross-sectional area (A.) at any distance (x) 
from the throat is given by 

A. = 

where 0 is the throat area, 711 the flare constant and e base of natural 
logarithms. 
The cut off frequency (f,) is given by 

mC/41r 

All units of the same denomination. 
The diameter of the mouth of the horn should not be less than a 

quarter-wavelength at the cut-off frequency, otherwise standing -raves 
occur similar to riose found in a tuned, pipe. 
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Friction Loaded Enclosures 

This type of enclosure consists of a loudspeaker cabinet of pre-
determined volume, and has a large aperture in one of its walls, a small 
part of which is left open to form a port, the greater part being covered 
by an acoustically resistive material, it lias been developed to provide 
a smaller enclosure with good performance. 

FIG. 18.—.ANALOGOUS CIRCUIT 
OF A LOUDSPEAKER IN A FRIC-
TION-LOADED ENCLOSURE. 
R1 IS THE ADDED RESISTIVE 

MATERIAL. 

Thelport provides additional mass loading of the cone, and therefore 
reduces the effective resonant frequency; but, since the area of the port 
is small, it will not have sufficient radiation to produce cancellation of 
this frequency (see " vented enclosures" earlier). This resonance will 
be fairly well damped. 
The remaining resonances common to vented enclosures are reduced 

by means of the resistive material, which covers the larger part of the 
aperture. This is analogous to the resistance It/ shown in Fig. 18. 
It can readily be seen from this that this resistance will limit the magni-
tude of the enclosure resonance, and, by careful choice of component 
values, the upper resonance common to vented enclosures can be re-
duced to a negligible proportion. 

In Fig. 19 the velocity characteristic of this system is compared with 
that of a loudspeaken in a vented enclosure and on an infinite baffle. 
No attempt is made in this system to increase the acoustical im-

pedance applied to the loudspeaker cone at its resonant frequency, 
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TABLE 3.—DENSITIES or VARIOUS MATERIALS 

Material Density 
(fIns•le•c-) 

Aluminium 
Brass 
Copper 
Steel 
Lead 
Nickel 
Tin 
Zinc 
Brick 
Granite 
Marble 
Slate 
Glass 
Ivory 

2-7 
8-4 
8-9 
7-8 

11-3 
8-7 
7-3 
7-0 
1-8 
2-7 
2-7 
3-0 
2-6 
1-8 

Material 
Density 
(9m- lc-c.) 

Rubber 
Seend . 

Woods: 
ash. 
beech 
cork 
elm . 
fir . 
maple 
mahogany. 
oak . . 
pine 
poplar 

1-0 
1-5 

0-70 
0-75 
0-25 
0-57 
0-45 
0-67 
0-67 
0-80 
0-50 
0-50 

since the loading is such that in practice the cone resonance does not 
occur. From Fig. 19 it can be deduced that this system loads the loud-
speaker cone in such a manner as to provide a condition of mass control 
down to the lowest frequency limit of audibility, and to have an absence 
of resonances above this frequency. 

General 

Loudspeaker enclosures should be made of as rigid and dense a mat-
erial as possible, in order to minimize vibration and resonances. To 
avoid standing-wave effects, it is usual to line all internal faces to a 
depth of at least 1 in. with soft, sound-absorbent material such as wuol 
or felt. 
The preferred position for the loudspeaker system is in the corner of a 

room, where the low-frequency efficiency may be as much as four times 
greater than that obtained if the system is adjacent to a plain wall. 
Although this may excite all the modes of resonance due to the room 
acoustics, this is more desirable than the excitation of a few sharply 
defined resonances, which may otherwise occur. Treble diffusion is 
also better from a corner position. 

WIDE-RANGE ELECTROSTATIC LOUDSPEAKERS 

The theoretical ildvantages of the electrostatic loudspeaker are its 
simplicity and the relatively direct conversion of electrical energy 
into sound with inherently better linearity. Early simple electrostatic 
loudspeakers had a number of shortcomings, notably inability to re-
produce low frequencies and low sensitivity. Two compa”atively 
recent developments have, however, led to the introduction of the wide-
range electrostatic loudspeaker, examples of which are now commercially 
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FIG. 20.—BASIC ARRANGEMENT OF A PUSH.-
PULL ELECTROSTATIC LOUDSPEAKER. 

D.C. 
V▪ (POLARS/ND 

VOLTAGE 

feenel 
available. These are, first, the idea of the constant-charge, push-pull 
system, which is the basis of current designs, and, secondly, the ap-
pearance of plastics materials of high mechanical strength in extremely 
thin sheets. Considerable chemical and mechanical problems have 
attended the commercial development of wide-range islectrostatic 
loudspeakers capable of giving reliable service in all conditions cr 
humidity and temperature. 
The basic arrangement of a push-pull electrostatic loudspeaker is 

snown in Fig. 20. D is the moving diaphragm, and A and B the two 
fixed plates, which are conveniently driven with equal and opposite 
signal (A.C. voltages from the transformer secondary). The fixed 
plates are perforated, or rendered acoustically transparent, for sound 
radiation. The main difficulty is as follows. If the rest Position of the 
diaphragm is central, application of the polarizing voltages produces 
two equal and opposite forces which reduce its apparent stiffness, 
since any deflection is immediately assisted by the unbalancing of these 
forces. As long as this negative stiffness effect does not exceed the 
stretch stiffness of the diaphragm, it will not be disturbed. When a 
gnal voltage is also applied, the diaphragm will tend to move towards 

the plate of " opposite charge, as the two attractions are now different. 

Net force 

(17 + 7e, 1 ( v —;) 2 

CC \ d, \ di / 

V' V2 e2 e2 Ve Ve 
cc d,' 4d,2 4d,2 d,' di2 

Now while the diaphragm is central, dl = d, -= d, say the first four 
terms cancel, leaving only 

2 Ve 
Force cc cc e (since V and d a re fixed). 

i.e., a linear law, which is what is needed. Thus the driving force ex-
hibits non-linearity only when displacement occurs. If the diaphragm 
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movements can be kept small there will be _little distortion. Thus 
the reproduction at higher frequencies will be satisfactory. The low-
frequency reproduction will, however, show bad distortion. 

The Constant-charge Solution 

When the diaphragm moves from its central position (see Fig. 21). 
the capacitances C and 02 of the two halves will no longer be equal. 
'CI, in Fig. 21, will have diminished and C2 increased. The increase is 
bigger than the decrease, and the total capacitance CI -I- C2 has there-
fore increased. If the voltage remains the same, the charge will have 
increased by a small flow of current on to the diaphragm (flow of elec-
trons from it.in Fig. 21), therefore Q V x C. If, now, the diaphragm 
is charged to V volts when in its central position, and then isolated 
electrically, its charge Q must remain the same wherever it moves 
between the two plates, provided it always remains parallel to them. 
When displaced from the centre, its capacitance will increase and its 
voltage or potential decrease. The two plates A and B are more or 
less parallel, and of dimensions large compared with their separation. 
The electric field inside them is therefore uniform, and the field strength 
equals el(d, d2). Though dl and d, vary, dl d, does not. The 
force on a fixed charge in a uniform field is a very simple law, force 
equals charge multiplied by field strength, and this holds irrespective 
of its position within that field. This really is what is needed: a driving 
force proportional to the signal voltage. 
In addition to this, other liniitations of the electrostatic loudspeaker 

are overcome. It is no longer necessary to restrict the motion to a small 
fraction of the initial separation; neither is it necessary to restrirt the 
signal voltage to a small fraction of the polarizing voltage. 
The constant charge may be obtained by charging the diaphragm 

through a very high resistance. As long as the charge does not alter 
appreciably during the half-cycle deflection at the lowest frequency, 

FIG. 21.—THE CONSTANT 
CHARGE PRINCIPLE. 

f. e 2 
NET FORCE OC 

tl, 

fl 
t «o 

(a) (b) 

Fla. 22.—APPLICATION OF CONSTANT 
CHARGE PRINCIPLE. 

(a) NET FORCE OC d  

(b) TOTAL C C1 + C, 
R x e to be very large. 
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the constant charge requirement is satisfied. This means a long time. 
constant, extending to several seconds. The longer the better, provided 
that the leakage from the diaphragm does not cause an appreciable 
voltage drop across the resistance. 
Not only must there be a very high resistance between the diaphragm 

and the polarizing circuit, the diaphragm itself must also be of very 
high resistance so that the charge cannot" walk about" on its surface. 
The diaphragm material, in addition to being as uniform as possible, 
must have a conductive coating of very high resistance. 

Distortion 
If the diaphragm is centred reasonably accurately, the time constant 

of the charging circuit is very high, and the elasticity of the diaphragm 
shows no peculiarities, the acoustical distortion of this type of loud-
speaker will be of an extremely low order and the percentage of each 
harmonic less than that of the next lower order. Apart from t • , 
there are no non-linearities up to the electrical breakdown of air. Al , 
because of the lightness of the diaphragm, it is not troubled by re - 
sonances. 

Efficiency 

The electrostatic loudspeaker tends to be inefficient mainly because 
it is predominantly capacitative, so that the current supplied to it is 
largely wattless. The apparent efficiency" is the ratio of acoustic 
power output to a highly inflated volt-ampere input to the loudspeaker 
terminals.. Considerable power is lost in the amplifier output impedance 
and in any resistances used with it to effect cross-over. 
The apparent efficiency also depends on band-width. The low-

frequency response is limited by diaphragm stiffness, the high-frequency 
.response by the fact that the electrostatic loudspeaker capacitative 
reactance falls with rising frequency. Band-width may be tradtpd for-
apparent efficiency, with the apparent efficiency " lowered " to that of 
present-day commercial moving-coil loudspeakers. A band-width, 
for level response, of between four and five octaves is possible. As 
high-fidelity sound reproduction embraces a span of between eight and 
nine octaves, a full-range electrostatic loudspeaker must , be made up 
of at least two sections to have an acceptable efficiency. % With three 
sections the apparent efficiency is comparable to that of the best moving. 
coil loudspeakers. 

Radiation Pattern 

When the width of a flat sound source is less than one wavelength the 
sound is emitted in a wide enough beam to cover a room adequately, 
with the loudspeaker in a corner position. At high frequencies the 
sound source can easily be several wavelengths wide, and the sound is 
concentrated into a narrow beam, giving very uneven distribution. 
If the width of diaphragm radiating sound is always the same proportion 
of a wavelength, i.e., active width shrinks progressively with rising 
frequency, then distribution will be independent of frequency. One 
practical arrangement to give even sound distribution is shown in 
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Fig. 23, It will be seen that the loudspeaker is constructed with a 
slight curve, and that it has several sections, the high-frequency sections 
being in the middle. 

With regard to loading, the diaphragm is so light and tenuoup that 
there is little need for the usual loading systems. 

SLIGHT 
CURVE 

UL 
SIDE FRONT 
VIEW VIEW 

23.--PRAcncia. ARRANGEMENT TO GIVE 
EVEN SOUND DISTRIBUTION. 

The Doublet 

As the electrostatic loudspeaker offers a ready-made match to air, 
a loudspeaker without any cabinet or horn is possible. Quite obviously, 
such a loudspeaker, open back and front, ought to llave a baffle at least, 
but why not make the whole assembly a loudspeaker. Thirty inches for 
the maximum dimension equals one wavelength at 440 c/s, so that for 
bass notes its dimensions are only a small fraction of a wavelength, 
and being open both sides it acts as an acoustic doublet. For constant 
output power the diaphragm amplitude will have to be proportional 
to the inverse square of the frequency. 
The doublet has a number of very useful properties of considerable 

help in normal domestic surroundings. The sound distribution obeys a 
cosine law. The polar diagram is a figure-of-eight pattern. The 
output in th u plane of the loudspeaker is nil, none up or down, ao that 
the loudspeaker will excite room resonances only in one of the three 
directions. Also, anywhere in the " beam" the ratio of direct to 
indirect sound will be much higher than with most other types of 
radiator, so that there is far less room coloration. The other main 
advantage of the doublet type is the complete absence of cabinet, with 
associated resonances. 

General 

A polarizing voltage of the order of 5 kV is required; this can be 
produced by techniques similar to those used in television-receiver 
practice. 

With regard to amplifier loading, a 30 in. x 20 in. push—pull electro-
static loudspeaker has a capim,qtance of about 0.00025 F for 0.5 cm. 
spacing. If this is matched to 15. ohms at 1,000 c/s, it effectively puts 
2.5 ,LF across the amplifier terminals. This need not be alarming, since 
many amplifiers become stable again at such high capacitances, and, 
furthermore, most electrostatic loudspeaker systems will use resistors 
somewhere or other in their circuits. 
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33. ELECTRICAL INTERFERENCE 

Electrical interference with reception must be carefully considered in 
almost all branches of radio and television engineering; for example, 
in domestic entertainment, interference levels play a large part in 
determining the effective • service areas of broadcast and television 
transmitters; in land, sea and air mobile operation much attention has 
to be paid to the suppression of engines and auxiliary equipment; in 
point-to-point eGrnmunications, receiving stations are usually located 
in the country to avoid the higher interference levels prevalent in urban 
811388. 

Electrical apparatus which utilizes commutation (e.g., D.C. motors 
and generators), vibrating contact points (e.g., electric shavers), spark 
discharge (e.g., automobile ignition) or any mechanism whereby an 
electric spark, however minute, is produced will radiate damped 
radio-frequency waves, covering a wide frequency spectrum, unless 
preventive measures are taken. Certain other electrical appliances 
may also radiate radio-frequency energy. Radiations of either type 
may be rendered audible by a radio receiver in the form of continuous 
crackling, sporadic clicks, buzzing or humming noises, a number of 
which are characteristic of the source causing the trouble. 
Some of the more common sources of electrical interference are : 

Industrial generators and electric motors, vacuum cleaners, hair 
dryers, sewing-machine motors, barbers' clippers, farm and dairy 
machinery, automatic switches and contactors, thermostats, overhead 
power lines, trolley-bus systems, defective house/factory wiring and 
switches, lifts, automobile ignition systems, R.F. heating and welding 
plant, X-ray, ultra-violet ray and diathermy plant, commercial, Service 
and amateur transmitters, broadcast and television receivers, scraping 
contacts between metallic objects at differing potentials, door-bells, 
fluorescent lighting, cash registers, electric typewriters, mercury-arc 
rectifiers and so on. A number of these, such as diathermy apparatus 
and automobile ignition systems, are only likely to cause disturbance 
on short-wave ranges. Corona discharge from high-voltage cables and 
static-charged wires -may, in certain atmospheric conditions, give rise 
to a high background noise, particularly noticeable on S.W. Static-
charged rain may also prove troublesome. 
DIRECT RADIATION FROM THE SOURCE. D...cept for electro-medical 

apparatus and car interference on H.F. and V.H.F., radiation is likely 
to occur only over a comparatively short range, especially on the broad-
cast bands. Arcing between the collector and overhead wires of trolley 
buses or between the shoes and ,rails of electric trains may, however, 
cause interference by direct radiation to programmes transmitted on 
medium and long wavebands. 
CONDUCTED INTERFERENCE. This is probably the most frequent 

path of transmission on M.W. and L.W. The electrical disturbances 
are conducted along the po*er.supply lines and injected into the 
receiver by way of the mains lead. 
MAINS-RADIATED INTERFERENCE. Similar to conducted interference, 

33-z 
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except that in this case the power-supply leads form a kind of transmitter 
aerial, the radiations from which are picked up by the aerial or the 
internal wiring of the broadcast receiver. Both conducted and mains-
radiated interference may be borne by the power lines over consider-
able distances, in extreme eases, affecting an entire district. 
SECONDARY RADIATION. Similar to the above, except that two direct 

radiation links occur and the transmission line may take the form of 
telephone wiring, neighbouring aerials, gas and water pipes and so on. 

Interfere: ce can be received in three ways: ( 1) pick-up by the aerial 
and lead-in wires; (2) injection into the receiver via the mains supply 
leads; and (3) by stray electric fields. Apart from cause (2), both 
mains-operated and battery-operated receivers can be equally affected.. 

BROADCAST RECEIVER INTERFERENCE 

In order to reduce or eliminate intei !rence, it is necessary: 

(1) To ascertain the path by which the interference reaches the 
receiver. 

(2) To identify, wherever possible, the source of interference and 
to ensure that adequate suppression is applied. 

(3) Failing this, or where complete suppression at the source is 
not practicable, to fit interference filters at the receiver, or close to 
the receiver end of the path. 

The manner in which the interference reaches the receiver can usually 
be ascertained by carrying out a few- simple tests, though it should be 
noted that, in practice, a combination of two or more routes is not 
uncommon. 

(1) Remove the aerial and earth leads from the receiver and 
short-circuit the appropriate sockets. Direct1y radiated and mains-
radiated interference should- then cease altogether or be greatly 
reduced, whereas mains-conducted interference may be hardly, if 
at all, affected. 

(2) Test the relative strength of interference under no-signal 
conditions at the high- and low-frequency ends of each waveband. 
Directly radiated interference tends to increase as the wavelength 
decreases, and will usually be much increased in strength on the 
short wavebands. Disturbances from mains-conducted inter-
ference, on the other hand, will normally become stronger as the 
wavelength is increased and be most troublesome on the long 
waveband. 

(3) If a battery-operated receiver be available, the effect of 
switching off the electric power at the main house switchboard 
should be noted. Should the interference continue it is unlikely 
that mains-borne radio-frequency signals are the cause. If the 
, interference ceases, it would seem that interference is entering 
the premises via the mains supply wiring, or alternatively, that 
the source of interference is located within the premises concerned. 

Identifying the Source of the Trouble 

Often the interference source will be obvious or easily traced from the 
characteristic nature of the disturbance and from observation of the 
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times at which it is experienced. The source of directly radiated 
interference is normally restricted to within a radius of a few hundred 
feet of the receiver. 

More troublesome causes may be traced with the assistance of a 
portable battery receiver, preferably fitted with a frame aerial, so that 
rough bearings-of the source of interference can be plotted. These 
bearings should always be taken by observing points of minimum signal 
strength which occur when the axis of the frame aerial is at 90° to the 
direction of the source; readings taken on maximum pick-up are con-
siderably less accurate. Portable receivers which have no frame aerial 
can be used by simple observation of the strength of the interference, 
provided that it is possibla to move freely within the search area. 

Mains-borne and mains-radiated interference, which may originate at 
a considerable distance from the receiver, may prove much more difficult 
to trace; it will not be possible to pin-point the direction of the source 
until the search has been narrowed to the area within which directly 
radiated interference can be received. The effect of removing the fuses', 
one at a time, from each of the house circuits and of switching off the 
power at the main switchboard should be noted: this procedure will 
usually establish whether or not the interference is arising from defective 
switches, cable joints or apparatus within the building. Where mains-
borne interference originates outside the premises, and the source is not 
obvious, it will usually be necessary to obtain assistance from the 
Engineering Branch of the G.P.O., who have developed specialized 
techniques for tracing elusive sources of interference. 

Suppression at the Source 

Interference should wherever possible be suppressed at the source, 
though in practice, suppression at the receiver is often necessary. The 
aim of most suppression devices is to confine any radio-frequency 

o 

(a) (b) 

VHFC 

VHFC t 000000J-0 0—‘001:1000,--- 1—.1.—/..,_ C00000 s-C 
0-1— ‘000000,--D 47071 170pF 470 pF ..,,t.. ..., ,.. 

? i  
oxt‘n pi 

000013 470F , 0 470 pF ..e." 
"0. 

VHFC p T T ssss Ct-1000000' 4 L900000/-0 
VHFC Ft FC 

(d) 
• 

vHFC 

vHFC RFC 

(e) f (9) 

FIG. 1.—BASIC INTERFERENCE-SUPPRESSION DEVICES. 

Seven commonly used suppression circuits. (a) For two-core cable appliances; (b) for 
three-core cable appliances; (e) for three-pin socket; (d) for thermostats. Types 
(e) and (f) are for suppression of television interference from two- and three-core 
appliances. Type (g) is an all-wave filter , for broadcast and teevliion interference 
suppression. The value of C may vary between 0.01 and 0.5 e. On type (c) the 
values given are the largest permissible. 
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FIG. 2.—FLEX LEAD SUPPRESSOR CIRCUITS. 

Capacitor suppressors should be fitted within 1 ft. of any portable appliance suspected 
of creating interference. The suppressor on the left is for earthed appliances ( three-
core flex), whilst the one on the right is intended for unearthed appliances (two-core 

flex). 
(Belling & Lee Ltd.) 

L.1171 

currents which may be generated to that particular circuit, or it least 
to the apparatus concerned, by the use of suitable isolating resistors or 
chokes in conjunction with by-pass capacitors. Sufficient suppression 
can often be achieved by the use of by-pass capacitors alone; where 
they alone are ineffective chokes should be included in the lino circuit to 
offer high impedance. Since these chokes often carry considerable 
current, they must be of low resistance and suitably rated for the 
apparatus concerned. . 
• A wide range of interference-suppression devices has been developed 
and marketed. Capacitors used in suppressors must always be gener-
ously rated for A.C., and normally only components specifically designed 
for this type of work should be used. 
COMMUTATOR MOTORS. Capacitor or inductor capacitor filters (see 

Fig. 2), should be connected as close as possible to the motor. An R.F. 
choke should be included in the earth lead if the performance is better 
without the e.xth connection. 

A.C. SYNCHRONOUS AND INDUCTION MOTORS. These do not usually 
cause interference; and the exceptions can generally be suppressed 
with a simple capacitor filter. 

3.—CIRCIIIT Of ALL-WAVE 
MAINS FILTER. 

This filter is suitable for use with 230-volt 
A.C. receivers and provides suppression of 
mains-borne interference between 10 and 

2,000 metres. 

(Belling & Lee Ltd.) 
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FIG. A.—INDUSTRIAL 
SUPPRESSORS. 

.A treble inductor and capacitor filter 
for use on AC./D.C. motors, two- or 
three-wire D.C. distribution circuits 
and three-phase power supplies. 
Standard range of these units is from 
15 to 60 amperes, but heavy-duty 
units capable of carrying up to 300 
amperes may be obtained. 

(Belling <F: Lee Ltd.) 

A.C. REPULSION MOTORS. The capacitor unit should be connected 
across the mains-supply feed to the motor and not across the brushes. 
SMALL Mounts. Unearthed motors in portable appliances are a 

prolific source of interference. The centre point of a capacitor filter of 
the type shown in Fig. 2 is taken to the motor frame. This tende to 
place the frame above earth potential, but the possibility of shock is 
avoided by keeping the capacitors small in value. 
FLASRTNG ELECTRIC SIGNS, THERMOSTATS, ETC. Capacitors should 

be connected across the contacts in series with resistances to introduce 
time-lag. R.F. chokes may be included in the mains supply lead. 
LISTS. The makers of the equipment usually supply the necessary 

suppressors for preventing the radiation of interference from the motor 
control panel or trailing cables. 
ELECTRO-MEDICAL EQUIPMENT. Direct radiation on S.W. and mains-

conducted disturbances may be produced over considerable distances. 
Complete suppression can often be achieved only by operation of the 
equipment in a screened room with choke filters on all wires passing 
out of this room. 
NEON SIGNS. Capacitor filters should, be connected across the trans-

former primary with a screened LS. choke in the H.T. circuit., pre-
ferably near the centre of the sign. The casing of the choke should be . 
earthed. All H.T. wiring should also be screened with the metal casing 
earthed. 
FLUORESCENT LIGHTING. A small capacitor, usually of 0-02 µF, is 

fitted .across the starter contacts to suppress radio interference which 
may be generated within the lamp, and also to give a cleaner break to 
assist starting. Occasional interference of a continuous nature, how-
ever, may be experienced on M.W. and S.W. either by direct or mains-
conducted radiation. This interference may not arise immediately in 
a new tube, and, if the tube is handled, it may stop temporarily. Pro-
prietary suppressors designed to eliminate this form of interference are 
available. 

Suppression at the Receiver 

Suppression at the receiver may be required where it is not possible to 
identify or to suppress interference at the source. Standard procedure 
is to connect filter circuits either at the mains input to the receiver or 
where the mains supply enters the premises; and/or the use of a special 
set eened aerial to reduce radiation pick-up. 



ELECTRICAL INTERFERENCE 33-7 

Fro. 5.—DUAL-PUR. 
POSE MAINS SUPPRES-SOR. r OSAS   POtTrE.11011 MT CORO COIL 

r 

from vacuum cleaners 

This can either be used 
to eliminate interference re 

I o 01 NI F 500v 
i.-   

and the llke or al terns 
0.0f Lei 500V IlVely as a filter In the 

Power lead to the re-
ceiver where the source edut0111 

of interference is outside 
the control of the set-

owner. 

1,14( 

(Aerialite Ltd.) 
j 

‘  

•05.h 1,01 : 1,14 IRON OUST C011t0 COI/ 

It should be emphasized that interference radiation is normally con-
fined to within a few feet of the house wiring, structural steelwork, 
tubing, roadway, etc. An aerial with the main part situated well clear 
of surrounding objects will seldom pick up any appreciable amount of 
unwanted noise, particularly on M.W. and L.W. At the same time it 
will provide a strong signal input to the receiver, which, through A.V.C. 
action, will thus operate at lower sensitivity and be less susceptible to 
conducted and induced interference than would otherwise be the case. 
This statement is borne out by an analysis f the n.p.o. interference 
investigation reports, which shows that the most frequent cause of 
unsatisfactory reception is the use of an inefficient aerial/earth system. 
In districts subject to mains-borne interference, the use of a " mains 
aerial " is strongly to be deprecated. 

In areas subject to strong interferenee, the pick up of unwanted noise 
on the down lead and lead-in of an outdoor aerial may prove objection-
able. Simple shielding of these sections of the aerial system is 
practicable only where comparatively short lengths of lead-in are 
inyolved. This is because of the signal losses introduced by the 
capacitative effects of screened cable. In such cases, it is therefore 
necessary to adopt transmission-line technique and to match correctly 
the impedance of the aerial to the feeder and the feeder to the receiver-
input circuit. A low-impedance screened line may then be used without 
appreciable loss in signal voltage. While there are several simple 
arrangements suitable for use on one fixed frequency in the S.W. range, 
special matching transformers are usually required on M.W. and LW. 
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noise pulses to be amplified together with the required signal, and are 
Lem rectified to provide a biasing pulse which can be used to reduce 
temporarily the gain of the amplifier; while this will reduce the output 
of the required signal, the resulting " holes of silence" will disturb 
the ear less than would the peaks of noise, and intelligibility is thus 
improved. 
To be effective, the high-frequency components of the noise pulse 

must not be diminished, and for this reason noise limiters tend to be less 
efficient when used in receivers possessing extremely high selectivity. 
Care must also be taken in the choice or the time-constants in the noise. 
rectifier circuit, and stray capacitances should be avoided as far as possible. 
An arrangement which provides for adjustment of the modulation 

percentage threshold at which limiting starts and in which the limiting 
is automatically adjusted to the instantaneous "carrier level is shown in 
Fig. 6. To avoid the introduction of A.C. hum, the valve and com-
ponents should preferably be screened. 

AUTOMOBILE INTERFERENCE SUPPRESSION 

Ignition Interference 

Ignition interference is a serious menace not only to the operation of a 
ear radio receiver but also to television and to the many other services 
using the H.F. and V.H.F. spectrum. The interference originates 
mainly at the sparking-plugs, though a certain amount can be traced 
to the gaps between the rotor arm and the fixed contacts in the dis-
tributor, and also to the operation of the Contact-breaker in the H.T. 
cire. it of the ignition coil. The layout of the ignition system, the 
length of the H.T. leads and the condition of the sparking-plugs have an 
important bearing on the amount of interference likely to be radiated. 

I.F.T. 

€1 SOK 50K 

•5M 

5M 

2" 
DETECTORr 
AND A.F.  

FIG. 6..--NOISE LIMITER CIRCUIT 
Yoe COMMUNICATIONS-TYPE RE-

CEIVERS. 
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Adequate suppression can be obtained both easily and cheaply by the 
fitting of a resistor (5,000-15,000 ohms) in the main lead from the 
ignition coil to the distributor; it should be placed as close-as possible 
to the distributor. Suitable resistors are made by a number of manu-
facturers. Alternatively, in more difficult cases, resistors are sometimes 
fitted in the sparking-plug leads as close as possible to each plug. 
Resistors fitted in this position must be capable of withstanding high 
plug temperatures, and can usually be obtained frOm service garages. 
Resistors are sometimes fitted in the sparking-plug leads at the point 
where they leave the distributor, ana occasionally some form of 
capacitance is arranged between the hot end of each resistor and the 
frame of the engine. 
Where mobile communications equipment or sensitive radio receivers 

are installed in automobiles, more elaborate precautions to reduce 
interference from the ignition system and auxiliary equipment will 
often be necessary. 

Additional methods of reducing ignition interference include: 
checking that the sparking-plugs are in first-class condition and that 
the gaps are correctly adjusted; eliminating any tendency for small 
sparks to occur at the pinch fit" terminals on H.T. leads by soldering 
each H.T. wire to its terminating lug; increasing the distance between 
L.T. and H.T. wires, if unshielded, to at least 6 in. Ignition inter-
ference often reaches the receiver via the L.T. wires and any other wires 
and controls that pass through the bulkhead. The L.T. wire from the 
ignition coil to the dashboard switch is a frequent carrier of inter-
ference ; this can be reduced by fitting a 0-25-µF capacitor between the 
switch and the chassis. Any other leads suspected of forming similar 
R.F. paths should be by-passed in a similar manner, the capacitors 
being connected with leads not more than 1 in. in length. 

Other Sources of Interference 

DYNAMO. Interference from the dynamo may be suppressed by the 
connection of a 1-µF capacitor to the live terminal (usually denoted by 
the connection thereto of a yellow wire); the casing of the capacitor 
should be bonded to the dynamo casing or to the chassis at a point 
within 2 or 3 in. of the dynamo. 
IGNITION Comm.. Interference from the ignition coil may be sup-

pressed by the connection of a 0.5-oF capacitor to the switch terminal 
of the coil (i.e., not to the contact-breaker or H.T. connection). Secure 
the capacitor casing to the bolt holding the engine block or bulkhead 
with the shortest possible lead. 

Dirritreirron ROTOR. If the rotor in the distributor is burnt black, 
it should be replaced. In some cases it may also be necessary to beat 
out the metal contact in order to reduce the gap across which the spark 
has to jump, but in doing this care must be exercised to ensure that 
subsequently the rotor will not foul the distributor cap. 
AUXILIARY APPARATUS. Auxiliary electrical equipment fitted to the 

vehicle which may interfere with reception includea electric windscreen 
wipers, electric petrol-pumps, electric clacks, thermostats, air-circulator 
fan motors, etc. Such interference can usually be suppressed by 
connecting a 0-5-µF capacitor with short leads between the live terminal 
of the unit concerned and chassis. 

u 
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W HEEL STATIC. Interference similar in effect to natural static may 
be produced by static electricity generated by the rotating tyres and 
brake drums. This interference is normally most serious in dry climates 
and on paved roads. The cure is to provide some form of leakage path 
between chassis and earth either by the provision of specially treated 
tyres, the injection of special tyre powder or a little water into the inner 
tubes, by some form of trailing contact, or by painting the tube and/or 
cover with lampblack or graphite (black lead). 
CRACKLES. Interference in the form of crackles may oe caused by a 

scraping contact between metal components at different potentials. 
Therefore all main components of the car should be brought to chassis 
potential with the aid of short lengths of copper bonding braid. Parts 
which most often require this treatment include rubber-mounted 
engines, exhaust pipes and silencers and any special fittings. Care 
should be taken to remove all paint and rust around the braiding joints. 
In coupé-type cars, the hood, if possible, should be connected to chassis 
at several points to prevent re-radiation of interference to the aerial. 
VIBRATOR HASH. The suppression of interference arising from the 

minute sparks that occur between the fixed contacts and moving arm of 
a vibrator is normally accepted as the responsibility of the manufacturer. 
Suitable choke/capacitor filters are usually fitted not only in the vibrator 
unit itself but also in any wiring which may pick up hash interference by 
direct radiatioia Adequate screening and the careful design of the 
receiver input circuit also play an important role in the suppresson of this 
interference. 
A gradual increase in hash interference, however, may be expected as a 

result of oxidation and mechanical wear of the vibrator contacts; 
excessive interference may require the replacement of the vibrator. 

TELEVISION INTERFERENCE 

• The very high frequencies (30-300 Mc Is), on which television broad-
casting at present takes place, are particularly susceptible to inter-
ference from local electrical appliances and spark-ignition systems, 
the interfering signals arr'ving at- the receiver either by direct radiation 
from the source or by conducted radiation along power mains and 
overhead wiring, or by a combination of the two. 
In practice, interfering signals fall into two main categories, which 

require entirely different treatment: the impulse type of interference 
producing spots or lines of peak white across the screen, and con-
tinuous wave signals on frequencies falling within the acceptance band 
of the receiver and producing heterodyne interference in the forma of a 
" herring-bone " pattern of alternate dark and light bands running 
diagonally across the screen. 

Impulse Interference 

Impulse interference will cause crackling on sound and a series of 
white spots or bright streaks of light on the screen. In this category 
must also be included switching circuits, such as thermostats and dirty 
light switches, where slight arcing may take place. As with all forma of 
interference, the effect will largely depend upon the ratio of the levels 
of the interfering signal to the picture signal, and will thus be more 
severe in " fringe " areas. 
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FIG. 7.—INTERFERENCE SUPPRESSION CIRCUITS. 
(a) Basic vision-interference suppression circuit. (b) Automatic form of peak limiter. 

(c) Typical pulse-width limiter circuit. (d) Vision-interference limiter operating on a 
time-contant basis. 

Where the source is unknown or cannot readily be suppressed, the 
effects can be reduced by: ( 1) the provision, on the sound and vision 
receiver units, of interference limiter circuits, designed to cut off the 
high amplitude pees of the interfering signals—popular circuits for 
such limiters are shown in Fig. 7 (in practice the valve diodes are 
sometimes replaced by germanium crystal diodes)—or alternatively, 
by inverting the pulses so that they produce less-noticeable black in-
stead of white spots; (2) ensuring that the most efficient aerial system 
is employed, with the elements as far away as possible from the source of 
interference or from wires and guttering that could form conduction 
paths; (3) where the source of the interference is known, as, for 
example, the cars passing along a main road, a directional aerial system 
may be orientated so as to provide minimum pick-up frein this direction; 
(4) the use of interference filters in the mains supply leads to the 
receiver: Method (4) is unlikely to prove as effective at television 
frequencies as for normal broadcasting frequencies owing to tho greater 
ease with which the leads before and after tho filter can act as aerials 
and thus allow the interference to bridge the filter; .nevertheless, a 
number of filters especially designed for use at television frequencies are 
now on the market, and will often bring about a considerable improve-
ment, particularly when used in conjunction with methods ( 1)-(3). 

An - effect somewhat akin to ignition interference may be caused 
by corona discharge (" brushing ") from points at E.H.T. potential, 
but it can easily be recognized by its more continuous nature. 

Heterodyne Interference 

The second and less common group of interfering signals are those 
in which oscillation is continuous, as opposed to trains or damped 
oscillation, and these are usually tunable over a comparatively narrow 



33-12 RADIO AND TELEVISION REFERENCE BOOK 

band; they produce heterodyne interference, against which peak 
limiters and suppression filters of the type so far described are ineffective. 
The most common causes of such interference are diathermy apparatus, 
adjacent-channel interference, harmonics of short-wave broadcasting, 
communication and amateur transmitters, and radiation from the-local 
oscillator of other television or short-wave receivers. Susceptibility to 
certain forms of this interference, particularly, for example, to break-
through on the intermediate frequency of the television receiver, will 
depend very largely upon the inherent design of the receiver and the 
choice of the intermediate frequency. 
The interference may arise from radiation (usually harmonic) taking 

place at frequencies- within or close to the television channel (in this 
case suppression at the source or careful orientation of the receiving 
aerial are likely to be the only effective cures) ; to image (second channel) 
response in the receiver; from " blanketing" or swamping of the 
receiver by very strong local signals, or cross modulation, sometimes 
produced by rectification in the aerial system or local metalwork; 
from break-through of a signal on a frequency close to the intermediate 
frequency; or from a combination of these. By fitting suitable traps 
and filters in the offending transmitter, and by careful screening, 
harmonic radiation can be much reduced. Rejection of fundamental 
or intermediate frequency signals can often be improved by screened 
trape or filters in the aerial feeder of the receiver, close to the receiver, 
or alternatively as close as possible to the control grid of the first R.F. 
amplifier or mixer valve. Such a wave trap resembles those used in 
the early days of broadcasting, and is tuned to the unwanted frequency 
(provided that this does not lie within the required television channel). 
A coil with 10 turns of 18 S.W.G. wire, spaced wire diameter, and with 
an internal diameter of -1-6- in., tuned by a 3-30-pF trimmer will have 
a tuning range of about 40-50 Mc /s, and for offending signals on other 
frequencies the number of turns should be increased or decreased 
accordingly. For the rejection of signals at intermediate frequencies, 
high-pass filters with a pass band of about 40-60 Mc /s may be fitted in 
the aerial lead of the receiver, and will normally prove effective provided 
that the screening of the I.F. stages is adequate to prevent direct pick-
up. Here again, careful positioning and orientation of aerials may prove 
of assistance. 

Tim Bedford Diagram 

This diagram (L. H. Bedford, Journal of the Television Society, 
March 1937) enables: ( 1) local oscillator frequencies for any given 
intermediate frequency to be rapidly determined. It shows: (2) where 
second-channel interference may be expected; and (3) where inter-
ference from harmonics of the I.F. will arise, these being fed back to the 
mixer with blooming signals to -produce beats. 
The diagram has become more complicated with increase in the 

number of active channels, and the possibilities of interference are 
now much greater. In Fig. 8 the bottom scale shows the I.F.s, and 
vertically the scale is of carrier and harmonic frequencies. Hori-
zontally from the left-hand axis are shown the five channels. The full 
sloping lines represent the 2nd, 3rd, 4th and 5th harmonics of the 
I.F.s. Thus for an I.F. of 15 Mcis, bottom scale, the 2nd, 3rd, 4th and 
5th harmonic frequencies are respectively 30, 45, 60 and 75 Mc/s 
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vertical scale. The harmonic lines run through these and similarly 
found points. Tho harmonic interference bands aro shown hatched. 
Thus in Channel 1 the 2nd harmonic of an I.F. in the range 21.25-23.75 
Mois would interfere, and so would the 3rd harmonic of any I.F. between 
14.2 and 15.8 Me/s. The argument is applicable to each channel and 
each harmonic (if necessary beyond the 5th). 
The chain dotted lines show local oscillator frequencies above and 

below the carrier, while the broken lines indicate the second-channel 
interference for beating high and low. Only the set for Channel 1 is 
shown for greater clarity. From the diagram it can be seen that when 
only Channel 1 existed, a possible I.F. was 8 Mc is ; but now the second 
channel of this, if beating high, would La in Channel 4. Further, it 
will be found that if beating low were attempted, a receiver tuned to 
Channel 4 would have its second channel in Channel 1, with an 8-Mc/s 
I.F. 
One of the major problems facing the designer is so to choose the 

I F. and local-oscillator frequencies that with one " run " of receivers and 
one common I.F., any of the thirteen channels may be tuned in without 
I.F. harmonics, second-channel or other spurious response becoining 
troublesome, moreover, other bands (e.g., Amateur and Defence) must 
also be avoided. To clear harmonic interference, a vision I.F. of 34.65 
Mots and a sound I.F. of 38.15 Mcis is generally used, though much 
lower frequencies have been employed in the past. The local oscillator 
should beat high, though again the other preference may be taken. The 
« interferences to be expected on Band III ( 174-2.16 Mc/s) can be examined 
if the diagram is extended to these frequencies. 

Diathermy 

This is a particular form of heterodyne interference, the cause in this 
case being the harmonic output from the relatively =smoothed. valve 
oscillators used in electro-medical apparatus. In addition to the 
herring-bone pattern, the sound channel is often affected by harsh 
crackling or low-pitched hum. The most satisfactory cure for this form 
of interference is the complete electrical screening of the offending 
apparatus; though in some cases relief can be obtained by slightly 
changing the frequency of oscillation of the equipment so that tho 
harmonics no longer fall in the television channel concerned. 

Freak Propagation 

Owing to the fact that television channels are shared on a geographical 
basis, herring-bono interference patterns may sometimes be caused by 
signals being received from a distant station, normally inaudible. The 
most common cause of such a propagational condition is a period of 
" Sporadic E " when the E layer becomes highly ionized and reflects 
signals up to or about 70 Me/s over distances between 200 and 1,000 
miles. Pronounced temperature inversions, such as occur during 
summer evenings, may also cause slight interference. As such condi-
tions seldom last for long, it is usually considered unnecessary to take 
precautions against this form of interference. 

Camera Faults 

Occasionally, a slight " herring-bone " effect may be produced by 
certain television camerae, and for this, of course, no remedy is possible 
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TABLE I.-CAUSES OP INTERPElseNCE INVESTIGATED BY 

THE G.P.O. DURING A TYPICAL TWELVE-MONTH PERIOD 

Cause Tekviston I Sound 

Bed-warmers . . . . 
Calculating machines . . 
Drills .. . . . 
External cross-modulation 
Faulty electrical wiring of premises 
Hair-dryers . ... 
Ignition systems of petrol engines 
Radio-frequency equipment (valve) 
Radio-frequency equipment (spark) • 
Filament type lamps . . 
Fluorescent tubes ... . 
Street lighting . ... . 
Neon signs 
Power lines, overhead: 
Lea tnan INA V .. 
650 V to 11 kV .. 
More than 11 kV   

Power lines, underground, faulty . 
Radiation from TV time-base circuits 
Superbet, local oscillators .. 
Radio transmitters: 
Amateurs . ...... 
Others sited in ..... 
Foreign ....... 

Refrigerators 
Sewing machines ...... 
Smoothing icons ...... 
Vacuum cleaners .. 
Unknown ... 
All other identified sources: 

Contacts type 
Commutator type . 
Miscellaneous types 

limiter faults 
Inefficient aerial or earth installations 
Faulty receivers   
Maladjustment of receivers . 
Other conditions .. 

1,183 578 
818 342 

2,492 1,177 
45 280 

494 2,194 
6,954 598 
1 . 313 49 
736 91 
151 105 

2,569 66 
233 1,976 
113 712 

1,444 4..6 

230 260 
2,052 200 
1,447 222 

60 132 
3 6,805 

1,604 62 

303 125 
476 142 
146 533 

1  587 1,228 
8,956 1,577 
198 399 

3,269 1,043 
21,877 12,206 

3,856 1,978 
7,056 2,930 
1,692 1,468 

2,456 10,385 
5,376 5,290 
666 227 

2,998 3,168 

at the receiving end. By noting whether such interference ceases or 
persists when cameras are changed, it is usually possible to determine 
whether the pattern is present in the transmitted image or is due to 
local causes. 

Aircraft Flutter 

Reflection of signals from aircraft may provide alternate augmenta-
tion and attenuation of the signal as the phase of the reflected signal 
changes in relation to that of the direct signal ; this will cause the con-
trast of the picture to change rapidly from normal to low and then to 
high, the cycle being repeated in rapid succession for as long as the 
aircraft is in the neighbourhood. 
The degree to which a particular reeeiver installation is susceptible 

to this form of interference will largely depend upon the aerial system. 
a system which receives only vertical polarized signals will generally 
be less affected than one capable of responding to the horizontal com-
ponent. The effects may also be diminished by reducing the D.C. 
coupling to the cathode-ray tube, or by the use of some form of auto-
matic picture control. 
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Interference by Television Receivers 

Radiation of parasitic oscillation occurring in a television receiver 
may affect local broadcasting and television receivers: the cure here is 
to find the source of the parasitic oscillation and to improve the stability 
of the offending stage(s). 

Radiation in the form of induced electric and magnetic fields may be 
set up in the neighbourhood of a television receiver, and may affect 
nearby broadcasting receivers, particularly on the long-wave band. 
Tho most likely sources of these fields are the line-output transformer 
and associated points at E.H.T., the deflector coils and the high-
impedance circuits mar these components. The following methods of 
reducing such interference have been recommended by Messrs. Mollard, 
Ltd.: 

(1) The E.H.T. transformer, booster diode and line-output valve 
should Le totally screened by a can which makes good contact with the 
chassis. Two-hole fixing of the can is not entirely satibfactory, and it 
is advisable to make multiple connections between can and chassis. 
The difference in radiation between a good and a bad connection here 
may amount to as much as 8 db for magnetic fields. 

(2) Any width or linearity controls of the inductor type should be 
screened separately if they cannot be accommodated inside the line-
output screening can. (The design of the line-output screening involves 
problems of ventilation to avoid overheating of the components enclosed 
by the screen. As a general guide, the maximum safe bulb ttimperature 
for the PL81 line-output pentode has been determined att l5° C.) 

(3) The deflector coils should be screened as far as possible by an 
aluminium can or by metal foil wound co. axially around the coil and 
earthed to chassis. Care must be taken to ensure that there is no likeli-
hood of voltage breakdown' between the foil and the coils. This form 
of screening will give good reduction of electric fields, and will also 
reduce magnetic fields, though not to the same degree. To reduce the 
magnetic field still further, tbe deflector coil screening can should have 
endplates with holes onlr just large enough for the tube' neck to pass 
through. This gives a further reduction of approximately 6 db. 

(4) Care should be taken in the layout of the receiver to keep circuits 
of high impedance well away from the worst sources of interference. 

(5) The grai,hite coating of the cathode-ray tube should be efficiently 
connected to earth—preferably from two eeparate points on the coating. 

«t) . Both conductors of the mains supply should be connected to the 
earth terminal via 0-05-µF paper capacitors rated for 600 volts (r.m.s.) 
working. 

(7) The use of a perforated foil screen at the back of the set will 
reduce radiation in that direction. 

Television Interference Suppressors 

The difficulties of suppressing interference at television frequencies 
from small universal motors have already been considered briefly. The 
self-inductance of normal capacitors and the self-capacitance of in-
ductors at these frequencies are sufficient to impair their effectiveness 
as filter components. For these reasons it is generally necessary to 
use specially designed components and to pay particular attention to 
making all leads as short as possible and to install the filter to within 
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FIG. 0.—PORTARLE INTERFERENCE TRACER DEVELOPED POE 
TRACING INTERYERENCE TO TELEVISION RECEPTION. 

(Murphy Radio Lid.) 

an inch or two of the source of interference. Small moulded mica 
capacitors or miniature paper dielectric types with a capacitance of 
the order of 470 pF are usually satisfactory. 
Another type of filter which has been developed recently is the 

inductor suppressor, in which capacitors may be completely omitted. 
Inductors are less affected by the by-passing action of stray fields. In 
practice, the self-capacitance of the inductor can be made to resonate 
the inductor at or near to the mid-band frequency of the television 
station, and thus to improve the suppression characteristics. In one 
simple type of filter inductors are placed in the live and neutral leads 
close to the source of interference. The placing of inductor filters is 
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less critical than that of capacitor filters, but should Preferably be 
within 6 in. of the source of interference. Suitable inductors are single-
layer solenoids wound on dust-iron cores with an inductance of about 
8 µH and a self-capacitance of about 1 pF. 

Interference on Band III 
The suppression of electrical interference at Band III frequencies 

presents greater difficulties than at Band I frequencies. This is mainly 
due to the considerably greater radiation that occurs at the higher 
frequencies from comparatively short lengths of wire. For example, 
lead suppressors fitted in the flex leads of small domestic motors that 
may be quite effective on Band I, may fail at Band III owing to the 
radiation of interference from the short length of lead between the 
appliance and the suppressor components; in such cases the suppressor 
component may have to be fitted within the motor housing. Capacitors 
must have extremely low inductance to be efficient at these frequencies. 

For the suppression of ignition interference, individual heat-resisting 
resistors mounted close to each sparking-plug may be needed in place 
of the one resistor in the main lead to be distributor, which is all that is 
generally required for Band I. 
On the other hand, aerials on Band III tend to be more highly 

directional than those used for Band I, and can often be sited to 
minimize interference from a particular source. In practice, inter-
ference is usually less troublesome on Band III than on Band I. 

British Standards 
The following British Standards relate to interference suppression : 

B.S. 905: 1940. Anti-interference characteristics and perform-
ance of radio receiving equipment for aural and visual repro-
duction (excluding receivers for motor vehicles and marine 
equipment). 

B.S. 727: 1954. Characteristics and performance of apparatus for 
the measurement of radio interference. 

B.S. 613 : 1955. Components and filter units for radio-inter-
ference suppression devices (excluding devices for traction, 
marine and other special equipment). 

B.S. 800: 1954. Limits of radio interference. 
B.S. 833: 1953. Radio-interference suppression for motor vehicles 
and internal-combustion engines. 

B.S. 827: 1939. Radio-interference suppression for trolley-buses 
and tramways. 

B.S. 1597 : 1949. Radio interference suppression on marine in-
stallations. 

The following Codes of Practice have been prepared by joint com-
mittees of the Institution of Electrical Engineers and the British 
Standards Institution: 

C.P. 1001 : 1947. Abatement of radio interference caused by 
motor vehicles and internal-combustion engines. 

C.P. 1002: 1947. Abatement of radio interference from electro-
medical and industrial radio-frequency equipment. 

C.P. 1006: 1955. General aspects of radio interference suppression. 
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34. MAGNETIC AND DISC RECORDING 

MAGNETIC RECORDING 

Magnetic recording originated in the year 1899 with the invention by 
Valdemar Poulton of the " Telegraphone ". 2 During the period between 
the two World Wars, development work was carried out which resulted 
in improved systems, notable among whieh were the Blattnerphone and 
the Marconi-Stille.2 

These systems employed a steel tape as the recording medium. a 
material which was bulky and difficult to handle. Mechanical and 
magnetic requirements were often mutually exclusive. The jointing of 
sections was also difficult. 

In 1928, Dr. Pfleumer took out a patent in Germany for a new and 
much improved medium. This consisted of a paper or plastic base 
tape, having most of the required mechanical properties, on which was 
deposited a very thin coating of powdered magnetic material. A later 
patent ( 1935) introduced oxide of iron as the magnetic medium. This 
oxide, though not ideal in its magnetic properties, was a considerable 
improvement on the steel tapes previously available. During the 
1939-45 war, considerable development work was carried out in 
Germany, resulting in a system of recording sound magnetibally which 
ranked with the best on disc or film. 

Concurrently, in the U.S.A., the problem of the bulk of the steel tapes 
had been overcome by utilizing a thin steel wire,3 normally -0-004 in. 
diameter. As with the Magnetophon tape, the redtiaion of material 
available for recording upon was offset by improvements in other 
factors. • 
Up to 1946 the greater part of the development work had been carried 

out empirically. Since that date, however, considerable research has 
been undertaken into the Muses underlying the observed results. Due 
to this research, a number of improvements has been made possible, 
and within the standards of current practice, magnetic tapo recording 
shows superiority over both disc and film recording. In fact...it is now 
the,nerrnal practice..fer uommprciiLels9 aud m reoorabiga to hq me° 
through' an intermediate_ magnetic record«. process. Fallout any 
noticeable lies of quality in the finished product. Even a trahTe-d ear has 
difficuify in distingqigbing a good magnetic tape recordfriE from the 
&Teal sound reproduced over the same amplifier/10 adspeaker system. 
Quité &nail and compact recorders, suiláble—Te der•n:stfé use, while 
they cannot compete with the larger professional machines, are capable 
of a remarkably high quality of reproduction. 
Wire recording has not proved itself capable of such a high standard 

of quality as tape, but has met a need for a very small, light and com-
pact recording machine, suitable for the intelligible recording of speech 
for long runs of an hour or more. Domestic models are also available, 
but it would seem that generally tape recording is becoming more 
popular for this application. 

So fat as is known, magnetic recordings are permanent if properly 
stored. However, they have tho outstanding advantage, particularly 

34-2 
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in tho domestic field, that the recording can be erased at will and the 
material ro-used as often as desired. Tape may be cut and joined with 
precision, on a syllable of speech or a note of music. Wire can be cut, 
and two pieces joined by tying in a reef knot, which will pass through the 
mechanism of the recordhig machine without mishap. 

Wire 

The wire used for magnetic recording is made from austenitio stainless 
steel, drawn to a diameter of 0-004 in., and heat treated.* In structure, 
this consists of non-magnetic crystals, embedded in a matrix of magnetic 
material. The non -magnetic crystals keep the magnetio elements 
apart, and thus reduce the tendency to mutual demagnetization. The 
wire is usually supplied on spools approximately 3 in. diameter and 1 in. 
thick, holding suffioient *mire for one hour's continuous recording at 
intelligible speech quality. Some machines employ ready-loaded 
magazines of wire which have only to be slipped into the machine for 
thé latter to be ready for use. 

Tape 
Recording tapes may consist of a non.magnetio base, coated with the 

magnetic material, or the magnetic material may be embedded in, 
and form the body of, the tape itself. The base of coated tapes may be 
of paper, cellulose acetate; specially treated polyvinyl-chloride (P.V.C.), 
or other plastics.* The impregnated tapes usually consist of equal 
quantities of magnetic material and vinyl plastic, calendered into a thin 
sheet. The material is manufactured in the form of strips, from 12 to 
24 in. in width and 0-002 to 0.0025 in. thickness, and subsequently slit 
into tapes of 1-in. width. 
-Coated tapes employ a base of similar dimensions, which is -"Gated 

to a thickness of. 0-0005 in. with either black oxide of iron (1 'e,04), 
red oxide of iron (Fes03) or a mixture of the two. The coereivity of the 
oxide may be increased considerably by special treatment. Early 
tapes had a coercivity of the order of 100 oersteds and a remanence of 
about 300 gauss. Later types have coercivities of the order of 260 
oersteds and remanence of about 600 gauss. 
The oxide is produced in the form of a fine powder, the individual 

particles being less than 1 micron (#,,,„3 mm.) in size. These are èoated 
on the tape surface, mixed with a lacquer which binds them to the base 
and provides sufficient isolation to prevent undue mutual demagnetiza-
tion. The extremely small size of tho particles ensures that there are 
always a sufficient number in the vicinity of the head gap for their 
performance to be considered statistically. Any appreciable irregu-
larities in size or distribution result in imperfect contact of the tape and 
head surfaces, and in uneven magnetic properties, and hence lead to a 
high noise level and variable characteristics. A very smooth surface 
to the tape coating is therefore desirable, and to this end some manu-
facturers polish the surface after coating. 

Basic Principle 
The recording medium, be it wire or tape, is drawn steadily over the 

pole of an electromagnet, the current in the coils of which is varied in 
accordance with the signal waveform. As each section of the medium 
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passes over the pole, it becomes permanently magnetized to a degree 
dependent uppn the strength and direction of the current at that instant, 
and a wave of varying magnetization is therefore impressed along the 
length of the mediul 
When the medium is again drawn, at the same speed, over the pole 

of a similar electromagnet which is not energized, each magnetized 
section in the medium causes a corresponding flux in the core, and as 
this flux varies, voltages are induced in the coil proportional to the rate 
of variation. These voltages can be applied to an amplifier, and will 
produce an output signal. 
Immediately prior to recording, it is usual to pass the medium over 

an erasing magnet, which removes any previous recording and con-
ditions the tape to receive the new signal. When replaying, both the 
erase and the recording lead are, of course, switched off. Sometimes, 
in the cheaper equipments, a single head serves for both recording 
and replaying, being switched to ono or other function alternatively. 

Tape Transport 

One of the most difficult problems in the design of a high-quality 
tape-recording system is the mechanism required for feeding the tape 
over the recording and reproduoing heads at constant speed. A typioal 
arrangement of such 'a mechanism—usually referred to as a tape-deck— 
is shown in Fig. 1. Tape from the left-hand reel is guided into contact 
with the heads by pulleys, and is passed to a take-up spool, which is 
driven by a lightly energized moto.. The tape is carried smoothly and 
at constant speed over the heads by being pressed into contact with a 

CONTACTO« 

iltAUNC AL CO•ONTG MA, MOTO« 

TAR "" « TAM 
La, Tam «CAD CONTACTOR 

FIG. 1.—TYPICAL BROADCAST TAPE RECORDER. 
(EJ.!.!. Sale: d: Service LW.) 
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revolving driving-spindle by means of a rubber-faced pressure roller. 
Even assuming constancy of rotational speed of the driving spindle, or 
" capstai>", there is some inevitable slip between capstan and 'ape, and 
there may be variations in stretching of the tape between capstan and 
heads, owing to variations of the tape tension. These and other factors 
lead to irregularities of tape speed. Under certain conditions irregu-
larities as small as 0.1 per cent are audible in the form of flutter and wow. 

Pressure on Heads 
Another important factor is the constancy of pressure of the tape on 

the heads. In tape-decks of the type shown in Fig. 1 this pressure is 
due to the tension of the tape. The left-hand spool is provided with a 
motor, normally used to rewind tape ready for replaying. When 
recording or reproducing, this motor is lightly energized to drive the 
spool in a clockwise direction, and the spool is therefore being pulled 
• round by the tape against the action of the motor. The motor is 
arranged, under these conditions, to have a torque which is nearly 
inversely proportional to the speed of rotation, so that the tension in the 
tape remains almost constant. 

Alternatively, felt pressure pads can be arranged to press the tape 
into contact with the heads, the tape tension being then less critical. 
Care is needed to see that the pressure is not too great, as the tape surface 
is highly abrasive and severe head wear will result. 
With tape under tension, it is possible for both lateral and longi-

tudinal vibrations to be set up as it passes over the heads, the tape 
behaving as a stretched string. These vibrations may result in " modu-
lation noise ", a background noise which rises and falls with signal level. 
It should be noted, however, that it is equally possible for pressure pads, 
where used, to produce damped longitudinal vibrations. 
In most wire recorders the wire-is drawn across the head by the rota-

tion of the take-up spool, the rotational speed of which is maintained 
;meant. A slowly oseillating guide distributes the wire evenly over 
,the surface of the spool, and by maintaining even layers in the winding, 
prevents bunching and slipping of turns, which would result in uneven 

drive. 

Heads 

The heads may consist of straight, laminated-iron cores wound with 
insulated-wire coils, and tapered to an edge aoross which the tape is 
drawn. However such construction tends to be extremely ineffloient, 
and, in the case of the replay head, is very susceptible to hum pick-up 
from stray fields. This latter factor is important, as the flux induced by 
the tape at low frequencies is very small indeed. Much better results 
aro obtained by making the core in the form of a nearly closed loop, the 
tape being carried across a small gap between the poles. A popular 
form is the ring-head, and this is illustrated in Fig. 2. A stack of 
laminations of the shape shown, to a thickness of about -Irk in., is wound 
with two symmetrically disposed coils, which, in the case of erase and 
recording heads, produce the working flux across the upper gap between 
the pole faces. A metallic shim is inserted in this gap, the eddy currents 
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in whioh tend to foroe the flux out of the gap proper into the space 
immediately above the gap, in which the magnetic surface of the tape is 
situated. In the case of wire recorders the stack of laminations may be 
thinner, and a slot is cut in the pole tips, in the centre of the stack, and 
in the plane of tho diagram. The wire runs in this slot, and is therefore 
almost completely enclosed by the poles. 

It will be seen that magnetization of a particle in or opposite the gap 
takes place longitudinally, in a direction along the axis of the tape or 
wire. This method has now virtually superseded lateral and trans-
verse magnetization, owing to the much simpler mechanical construc-
tion which it offers. 

Other forms of head in current uso have straight sides, joined by a yoko 
across the bottom. This simplifies winding of the coils. 
Owing to the presence of the iron core, the relationship between flux 

in the gap and current in the coils is not linear. A second air-gap is 

2.—TYPICAL HEAD ASSEMBLY. 

therefore introduced, usually known as the back-gap, the reluotance of 
which is large enough to swamp variations in the reluctance of the iron 
at the flux densities employed, and which thus linearizes the magnetic 
circuit. In the case of the replay ring-heach making this gap of the 
same reluctance as the front gap achieves a degree of symmetry which is 
very helpful in reducing the effect of stray hum fields, since tho flux 
picked up by the core will divide into two equal parts, passing through 
the two identical coils, and inducing equal voltages in them in phase 
opposition. However, this may not give adequate linearization if the 
gaps are small. 
Modern heads- are often made much smaller than the 1-in. ringhead 

type described. However, the smaller the pole faces, -the greater the 
trouble which may be expected from irregular frequency response in 
the bass (see p. 34-15). 
In the interests of good high-frequency response, short gaps of 

0-00025 in. or less are frequently employed for replay heads, but the 
proximity of the pole tips by-passes some of the useful flux, and 
sensitivity, and hence signal/noise ratio may suffer. 
There is no advantage obtained from reducing the length of the 
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recording gap, since recording can be said to take place at or beyond 
the trailing edge of the gap. 

'Typical gap dimensions and core materials for 1-in.-diameter ring-
heads are given in Table 1. 

TABLE 1.—TYPICAL DATA FOR 1-IN.-IJIAMETER RING-READS 

Use Suitable Material 

Replay 

Recording 

Erasing 

Permalloy B or C, Mumetal or 
Radiometal 

Permalloy B or C, Mumetal or 
Radiometal 

Rhometal or Permalloy D or 
Ferroceramic 

Front Gap 
(in.) 

Back Gap 
(in.) 

0-0002 

0-0015 

0-015 

0-008 

0-016 

Nil . 

Coil Windings 

Coil windings are at the discretion of the designer, with a view to 
matohing the associated amplifiers to best advantage. Where connec-
tions are short, high-impedance windings of many turns may be em-
ployed. Where heads and amplifiers are separated by more than a 
foot or two, low-impedance windings are to be preferred. In the 
recording head separate windings may be employed for bias (see later 
under " Recording ") and signal currents, or the currents may be mixed 
and passed through a common winding. 

Double-purpose Heads 

In the cheaper class of equipment erasing and recording functions 
are sometimes combined in a double-gapped head. The first and larger 
gap carries the high-frequency erasing flux. The leakage from this gap, 
passing across the smaller gap, serves as high-frequency bias, the signal 
flux in this gap being provided by a second, associated, winding. 

Frequently, the same head is used for recording and replaying. 
Excepting for the highest possible quality, the size of gap of the record-
in g head is not -iihduly critical, and adequate results can be obtained 
usuig the Tfarrow gap of the reproducing head. 

Gap Dimensions 

The edge of the gap is, ideally, the intersection of two surfaces, and is 
therefore a line having neither breadth nor thickness. Since its area is 
thus zero, the flux density would be infinite, were the working flux to 
emanate from this edge. This is clearly impossible, so that the working 
flux must in fact span a gap slightly longer than the physical gap. 
-With a view to keeping this effective gap shorter than the shortest wave-
length to be reproduced, physical gap lengths of replay heads are 
customarily 0-0002 in. or less. Even butt-joints are sometimes used. 

Recording head gape usually lie between 0-0005 and 0-003 in., and 
erasing head gaps between 0-010 and 0,025 in. 



34-8 RADIO AND TELEVISION REFERENCE BOOK 

In orr that recorded tapes may be interchangeable from one 
maohine to another, irregularities of the gap must be very small com-
pared with these dimensions. Gap faces of assembled and rigidly 
clamped stacks of stampings must therefore be carefully ground and 
lapped. The lapped surfaces forming the gap must be mutually 
parallel, and must be set perpendicular to the direction of travel of the 
tape. If there is an error of alignment between the recording and 
replay heads, severe loss of high frequencies will result, though there will 
be no introduction of amplitude distortion. Heads are therefore either 
rigidly fixed to the backplate or, better, are made so that the angle 
between gap and tape axis—the " azimuth angle "—may be adjusted 
and set after assembly. 

Surface Finish 

The head surface on which the tape runs must, equally, be lapped and 
polished, to ensure intimate contact with the tapo. An initially good 
surface will normally be kept in good condition by the polishing action 
of the tape. A surface which is bad to start with will frequently 
become worse with continued use, developing deep scratches and scores, 
which increase the distortion and the backgrouud noise level. 

Screening 

The heads need careful screening. A copper eddy-current screen is 
most effective round the erase head to prevent the erasing flux from 
spreading. The recording head is most effectively dealt with by means 
of a high-permeability alloy screen, which prevents the spread of signal 
flux and also effectively limits the spread of bias flux. The replay head 
must be protected against the influence of external fields, and here a 
single—or better a double—high-permeability alloy screen is effective. 
These screens should, as nearly as possible, completely enclose the heads. 

If a head should accidentally become magnetized, it may be de-
•miagnetized by withdrawing it slowly from a strong A.C. field (say 
50 cis) to a region where the field is negligibly small or, alternatively, by 
passing an A.C. through the winding, and reducing the current gradually 
to zero. 

Erasure 

Except by drastic methods, such as raising to high temperatures, 
magnetic materials cannot, in . fact, be demagnetized. The small 
magnetic particles, or " domains" as they are called, are always 
magnetized in either one direction or the other. When, in a sample of 
material, the directions of magnetization of the individual domains are 
arranged in a completely random manner, these effects will all be 
mutually cancelled, and there will be no external flux round the sample, 
which is then said to be in a demagnetized state. Conversely, if the 
sample has a preponderance of domains, the direction of magnetization 
of which has a component in any given direction. the sample is said to 
be magnetized along this axis. 
The usual and most successful method of erasing a recorded tape takes 

place in two stages as the tape passes over the erasing head, the latter 
being fed with sufficient current at a high frequenoy to carry each section 
of tape to saturation repeatedly, first in one direction and then in the 
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other. 'Every domain is thus subjected to a number of successive 
reversals of its direction of magnetization, after which its condition is 
little influenced by its initial state, the initial waveform thus being 
erased. 
As the section moves away from the gap, in a diminishing field, this 

field becomes too weak to reverse first one, then another domain, the 
cessation of reversal depending upon a number of factors, suoh as the 
size of the domain and the direction of its axis relative to the field. The 
domains aro thus left with their directions of magnetization almost 
completely random, and the section of tape is effectively demagnetized. 

. The word almost " is used because the action never reaches perfection, 
and inevitably some background noise remains, usually about 60-80 db 
below peak signal. 
In practice, after a short interval for recovery, some tapes may again 

show a trace of the original recording. A second erasure -will remove 
this, and some machines aro fitted with two erasing heads in cascade. 
(Sane others have ering heads- with tWo-s-uccessilie g.a_pe Normally, 
however, the bias in the recce-ding head successfully removes any 
remaining traces. 
Duo to losses in the iron : of the erasing head, too high a frequency will 

cause the head to run hot. On the other hand, as high a frequency as 
possible is desirable, in order that as many reversals of saturation as 
possible shall take place in a given 'section of tape while it passes over 
the gap, and in order that the dying away of the field shall bo as smooth 
as possible as the section moves away from the head. A frequency 
between 30 and 80 kcis offers a good compromise, and a typical 1-in.-
diameter ring-head would require about 40 ampere-turns for about 
70-db erasure. 

Distortion containing even order harmonics of the erasing. current 
frequency must be rigidly excluded from the erasing head. Such 
distortion implies asymmetry of the waveform, which will leave a small 
• majority of domains with a bias in one direction; that is, the tape is 
permanently magnetized, which results in increased background noise. 
Slight permanent magnetization of the heads will produce the same 
result. 
Tim um of ferro ceramic material for erase- coros results in 

greatly reduced losses, and lienco-g7c7ttly re ucc power requirements 
• for erasure. Magnetic saturation of the pole-tips sots a limit to the 
useful erasing flux, but quite small heads dissipating about 1 watt give 
as good erasure as alloy stampings dissipating 5 watts or more. 

Recording 

Signal currents aro fed to the recording head, and the field formed in 
the space immediately above the gap causes each particle of the tape or 
wire to become magnetized. This magnetism is retained after the 
particle leaves the gap, but the residual magnetization is far from being 
proportional to the signal current, as is well known from the pronounced 
curvature of the B-H curve. Tho method now universally used to 
overcome this difficulty is tho introduction of alternating-current 

, 
Alternating current, of carefully controlled amplitude, and frequency 

considerably higher than the highest audio frequency to be recorded, is 
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3.— RECOIMMG WITH 
H.F. 13u.s. 

edditively mixed with the signal cur-
rent, and the combination is fed to 
the recording head. Suppose that 
the signal current, for present pur-
poses, is substantially a D.C., say 
the top of a square wave or a por-
tion of a very-low-frequency wave-
form. The curve marked " H.F. 
bias plus signal " in the lower part of 
Fig. 3 shows the variations cf field, 
moving from bottom to top of the 
diagram, which are encountered by a 
particle of tape in passing over the 
head. The magnetic behaviour of 
the particle is shown in, the upper 
part of the figure, superimposed on a 
B-H loop for the material. Starting 
at the origin, the particle is driven to 
the region of maximum excursion. 

SIGNAL Due to the high frequency employed, 
there are in practice perhaps five or 
ten complete oscillations at constant 
amplitude while the particle crosses 
the gap, and therefore several corn-

H.F. BIAS plete rotations round the largest 
PLUS minor hysteresis loop shown in the 
SIGNAL figure. As the particle moves into 

a region of weak field, this minor 
hysteresis loop collapses on to a point, 

giving a value of residual magnetization B„ which is found to be very 
nearly proportional to the value of the signal current over a wide range, 
provided that the amplitude of the bias current has been correctly chosen. 

Bias 
The value of the optimum bias current is not readily calculable, as it 

depends upon the magnetic properties of the material, and these do not 
follow known mathematical laws. However, it is evident that higher 
coercivity materials will require higher bias currents. Typically, using 
1-in.-diameter ring-heads of the form shown in Fig. 2, low-coercivity 
tapes may require about 2 ampere-turns, while so-called high-coeroivity 
tapes may need up to 4 or 6 empere-turns. 
The flux density above the recording gap falls off very rapidly as the 

point considered departs from the surface of the head. The flux at the 
working surface of the 0-0005-in.-thickness tape coating is considerably 
greater than that at the rear surface. Hence overbjasjiigjor the front_ 
surface will tend to set_Lip ideal conditions at some dqpth inttnre-repe 

Iigua coating, and iruperÈf — t confect between tape and head surf-aces becomes 
IiiiiiIrOrtant. • t oveiblasing_ often resorted _to, as it results in 
a gain in steadiness an improved freeTom from tapeitter troubles, at 
the expense of some loss of high-frequency signal response. 
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The value of bias current to be used is usually taken as that which 
gives maximum output of a 1,000-cis sine-wave for a total harmonic 
distortion not exceeding 2 per cent. 

Bias frequency may be the same as that of the erasing current, or 
may be a multiple of it. It should be as high as can be conveniently 
handled by the iron of the head. Random relationships between bias 
and erase frequencies are undesirable, as unless the two are locked 
together, drift may occur, and beat frequencies may be set up between 
harmonics, which sometimes appear as whistles on the tape. 
The use of ferro ceramic material for record beads has not proved 

satisfactory, as -It is virtually impossible to produce or maintain a 
suffieTintly sharp straight edge to the gap. 

Signal 
The signal currents which are to be recorded are fed to the recording 

head from the recording amplifier, and are mixed additively with the 
bias current. The sensitivity of a tapo is defined as the recorded signal 
level for a given r.m.s. signal flux in the recording head, with optimum 
bias as given above. It is dependent upon the magnetic characteristics 
of the tape material, notably various aspects of the permeability. It 
varies some 10 db between types or brands of tape in current use. 
- Using a typical 1-in.-diameter ring-head, maximum signal level 
(defined as that which gives 2 per cent total harmonic distortion for a 
1,000-cis sine-wave signal using optimum bias) requires about 1-25-
1.5 ampere turns for a medium-sensitivity tape. 

Frequency Response 

Assuming no losses, the magnetization of the tape would be inde-
pendent of frequency for a given signal current in the head. Given a 
tape of constant magnetization, or surface pole strength, the method of 
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reproduction by means of a gapped ring-head would result, in the 
absence of losses-, in an open-circuit output voltage across the head 
terminals related to wavelength by the expression : 

4 sin r . • ( 1) 

where Ea is the open-circuit output voltage; 
N is the number of turns in head winding; 
/ is gap length 
;I is record \ in the same ed units;wavelength 1 

and th,:, function 7T À is expressed in radians. 

When the wavelength is long compared with the gap length the out 
voltage is very closely proportional to frequency for a given linear 

tape speed : 
1 

E, Kf -À . • (2) 

giving a characteristic which rises with frequency at the rate of • 
6 dbioctave. 

Frequently the difference between expression ( 1) and expression (2) 
is considered • as a " gap loss ". Here, expression ( 1) is taken to be 
inherent in the reproducing system, and only deviations from this curve 
are considered as losses. 

In practice, losses arise in both recortljpg.end r'nErd 'let ion, and in_ tte, 
tape itscilf. They are Llrvisible Into tisamain groups, those governed 
by trecanuicy and those governed by recorded waveleneth. 
The former are easily overcome, in normal audio-frequency recording, 

by suitable design. The latter are a function of the ljnesr. speed of the 
tewbeitis ines,t troublesome for low spe-c"as.  

Using the so-called high-coercivity tapes, an upper cut-off frequency of 
V Ws is considered good practice, where V is the linear velocity of the 
tape in inches per second. With low-coercivity tapes, about half this 
figure is normal. Considerably higher frequencies can be recorded and 
reproduced, but at the expense of signal-to-noise ratio. 

High-frequency Losses 

The principal sources of high- frequency losses are as follows: 

(1) electrical circuits of the recording amplifier and its connection 
to the recording head, resulting in variation of head current with 
frequency [F]; 

(2) eddy currents in the recording head [F]; 
(3) irregularities in the recording-head gap [W]; 
(4) imperfect contact between the tape and the recording head 

[W]; 
(5) part-erasure of a recorded half-wave, due to the comple-

mentary reverse half-wave occuring while the former is still in the 
proximity of the gap [W]; 

(6) self-demagnetizing !lotion of the tape [W]; 
(7) imperfect contact between the tape and the replay head 

lW); 
(8) irregularities of the replay-head gap [W]; 
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(9) eddy currents in the replay head [F] ; 
(10) coupling between the replay head and the replay 

amplifier [F]; 
(11) electrical circuits of replay amplifier [F]. 

The letter [F] indicates dependence on frequency, and the letter [W] 
dependence on wavelength. 

Items ( 1) and (11) should not arise if the amplifier has been well 
designed. Signal currents should be fed to the recording head through 
a filter which prevents the bias current from getting back into the 
recording amplifier. Similarly, the bias supply should have e: filter to 
prevent the signal from reaching the bias generator and modulating it. 
Care should be taken that these filters do not introduce loss of high 
signal frequencies. 

Items (2) and (9) can be reduced by using thin, insulated laminations 
for the heads, and by choosing a form of mounting which does not 
behave as a short-circuited turn around the magnetic circuit. 

Items (3) and (8) have already been dealt with under " Gap Dimen-
sions ". 

Items (4) and (7) have also previously been mentioned. The loss of 
high freciuencies due to poor contact between tape and head s a major 
factor. An empirial formula qii7cfge i r for this loss is : 

S 
A = 55 log - 

A 

where A is the loss in decibels; 
S is the effective spacing between tape coating and head; and 
A is the recorded wavelength, in the same units. 

Item (5) may have considerable effect on the frequency-response 
characteristic. When considering the action of the bias in linearizing 
the input/output characteristic, it was assumed that the signal current 
remained substantially constant. However, in Fig. 3, if the signal 
current is reduced or reverses before the medium has passed out of the, 
leakage field, its magnetization will be stabilized at a lower value than 
would otherwise have been the ease. This is significant at very short 
wavelengths. 
Item (6) is of greater importance with low-coercivity tapes. At 

short wavelengths each recorded half-wave can be considered as a very 
short magnet, opposed at either end by magnets of reversed polarity. 
A large part of its available ilux is therefore prevented from appearing 
as surface induction on the tape, and thus influencing the replay head.4 

Item ( 10) is a matter of audio-frequency circuit design, but the 
problems are somewhat unusual and deserve some consideration. 

Replay Head Coupling 

A typical I -in. reproducing ring-head of the type shown in Fig. 2, when 
excited by a typical tape sample of average remanence, recorded with a 
sine wave to the maximum permissible level, to give 2 per cent distor-
tion, has an open-circuit output voltage of the order of: 

E0 = 0-006 Nf microvolts (approximately) (3) 

where N is the number of turns on the replay head winding; and 
fis the frequency in cis, when wavelength > gap length. 
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This can only be approximate, as it depends greatly on the head 
design, and, in particular, on the dimensions of the back-gap. 
Reducing the reluctance of the back-gap increases output, but care must 
be taken that the total reluctance of the iron circuit does not become 
non-linear. 
The inductance of a head such as the above might be about.: 

L = 0-028 x 1O x Ns henrys (approximately) (4) 

Taking the case of direct coupling, the load into which the head has 
to work consists mainly of a capacitanco comprising: 

(a) the self-capacitance of the head winding; 
(b) the capacitance of the connecting wiring; 
(c) the input capacitance of-the first amplifying valve. 

In orcitm not to introduce high-frequency losses, this lumped capacitance, 
0, should resonate with the head inductanoe, at or about the upper cut-
off frequency of the system, 12. The maximum permissible head in-
ductance is then : 

1012 
L =  henrys 

47r2f,20 • (6) 

where f is in ois, and C is in picofarads. 

From (4) N = q,000VL (approximately) where L is in henrys (4e) 
or, to a rough approximation, 

° N -= 10 _turns maximum . (6) 
AVG' 

Hence at the lower cut-off frequency h the voltage to be expected 
on the first amplifier grid is given roughly by equation (3) 

= 0.006 Nfi 

Substituting for N from equation (6) results in 

6 x 10° fi 
= ••iri fs IL • 

Assuming a lower out-off frequency of 50 cis and an upper cut-off 
frequency of 10,000 cis, and estimating a value of 40 pF for C, the value 
of E0, on maximum signal, is of the order of 

6 x 106 x 50 
= 6.3 x 10,000 — 4,800 µV, or, say, 5 mV. at 50 c/e. 

If a 60-db signal-to:noise ratio is to be maintained, the level of hum 
and microphony, referred to the grid of the first valve, must be kept 
below 5 µV. 
The gap-length might be arranged to be equal to a half-wavelength at, 

say, 8,000 ois, in which case the output at this frequency, assuming no 
losses other than the inherent gap-loss, would be 

2 6 x 10° x 8,000 

• (7) 

E° x  µV, or 0.5 volts approximately. 
6.3 x 10,000 
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This voltage, acting in the resonant circuit formed by L and C, and 
controlled by.such damping as may be present in the head, or added, may 
be used to compensate partly for losses, but care must be taken that the-
voltage appearing it the valve grid is not sufficient to cause appreciable 
distortion. The use of selective negative feedback, incorporating the 
greater part of the necessary basic equalization, at this point can be very 
helpful. 
A suitable transformer may be interposed between the head and the 

first-stage valve. In this case, the primary reactance must be kept large 
compared with the impedance of the head at all frequencies, and the 
secondary self-capacitance must be included in the estimation of C. 

Bass Response 
There is an effect associated with the longer wavelengths which is 

often ignored, but which can become troublesome on high-quality 
equipment. Consider a head which is square, rather than the more 
usual round form. Assuming no reluctance in the iron, when the length 
of tape in contact with each polo face is loss than an integral number of 
wavelengths by the length of the gap, the effective magneto-motive 
force acting round the iron circuit will be zero. Tho output would be 
zero at certain critical wavelengths, and doubled at intermediate wave-

lengths. 
In practice, the tape's approach to, and departure from, the pole 

face is not sudden, as here indicated, but gradual, with considerable 
fringing of the flux, and complete cancellation does not occur. How-
ever, with most types of head, careful frequency-response measurements 
at intervals of a few cycles per second, up to a few hundred cycles per 
second, will reveal a series of peaks and hollows, sometimes amounting 
to several decibels in magnitude. 
A similar effect is sometimes found in connection with the magnetic 

screen placed around the replay head. At certain wavelengths flux 
induced in the screen by the proximity of the tape in turn induces flux 
in the head, which tends to cancel or enhance the output. 
These effects are much more severe in wire recorders than> tape 

recorders, due to the relatively sudden entry of the wire • to the head 
and its equally sudden- exit. Tapering the entry and exit tunnels 

alleviates the trouble. 

Equalization 

In the early days the equalization required to compensate for the 
various losses infrequency response was distributed in a rather random 
manner between the recording and reproducing amplifiers, at the whim 
of the designer. This resulted in the production of recorded tapes which 
were not interchangeable between one make of machine and another. 
Within a group, à so-called " standard " tape could be made on one 
machine, having bands of tone recorded at various selected frequencies, 
at constant electrical input level to the machine, or, perhaps, at constant 
signal current to the recording head. This could be used to line-up the 
replay equalizers of all other machines in the group, and subsequently 
the recording amplifier equalizers could be. adjusted so that each 
machine had the required overall response for the particular type of 

tape in use. 
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Standard Tapes 

It is obviously desirable that the levels of the tones recorded on this 
" standard " tape bear a known relationship to some absolute value, 
independent of frequency, a good starting point being to maintain 
constant surface pole strength on the tape. Unfortunately this has 
proved extremely difficult to measure, although laboratory methods 
have been developed which offer a fair degree of accuracy and agree-
ment., 

If facilities are not available for absolute measurement, sub-standard 
tapes can be obtained which have been checked against the standard. 
These have bands of tone recorded on them at various known frequencies 
and levels, and using such a tape, the replay amplifier can be equalized 
and adjusted to give the required replay characteristic. 

If the sub-standard tape has all frequencies recorded at constant 
surface pole strength, and the replay output characteristic is required to 
be " flat ", the basic amplifier equalization will be of the form 

1 

sin r 

where Z is the effective gap-length, and A is the recorded wavelength, 
with the addition of a few decibels of high-frequency lift to compehsate 
for losses in the replay head. 
The C.C.I.R. has commended an international standard replay char-

acteristic which is not flat, but which includes post-emphasis in the 
form of an additional " top-rise" having the characteristic of an 
electrical circuit of 35 microseconds time-constant.* 

This is equivalent to the current through a parallel combination of 
capacitance and resistance when fed from a constant-voltage source, 
the tizne constant of the combination, CR, being equal to 35 p.S. 
Standard tapes are now usually made to the C.C.I.R. recommenda-

tion, which means that the higher frequencies are de-emphasized ( i.e., 
reduced in amplitude) in accordance with a 35-microsecond character-
istic. Such a tape, replayed through a correctly equalized replay 
channel, will give an output which is constant with changing frequency, 
within the limits of the apparatus. 
These tapes are available commercially. Full details of the character-

istic and the method of measurement are contained in Amendment 
No. 1, published 1954, to B.S. 1568 : 1953. 

Equalization of Recording Amplifier 

Having completed the equalization of the replay amplifier, the 
recording-amplifier equalization can be adjusted until the overall 
response of the equipment is as flat as required. The basic character-
istic is that of constant current through the recording-head winding, for 
constant input to the amplifier. In addition, some high-frequency 
" lift " will be needed to compensate for losses in fhe recording head 
and in the tape. The amount, and the shape of curve required, will 

• This refers to tape speeds of 30 in./ and 15 injsee. For 711 in/sec. the cone-
sponding figure is 100 e. 
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vary according to the type of tape in use, but unless the tapo speed is 
too low for the frequency response required, this should not be more 
than a few decibels at the upper cut-off. If working to C.C.I.R. 
standards, an additional top out is required, having a 35-microsecond 
characteristic. This is the inverse of the top-lift circuit in the replay 
amplifier, being equivalent to the voltage across a parallel combination 
of capacitance and resistance having a time constant CR of 35 
microseconds when fed with constant current. 
The tape is mucluxuara„_AusoeptAteto averload_ALAJA .b.igher fre-

queñciiietand the purpose of the C.C.I.R. 35-microsecond characteristic 
is reneMirice the amplitudes of these hiÉ-h-Triiiquencies on the recording, in 
f5fdertb avoid 

Distortion 

The degree to which A.C. bias is able to linearize the transfer char-
acteristic of a tape depends upon the magnetic properties of the material 
and upon the amplitude of the bias flux. Low values of bias may 
materially reduce the distortion at high signal levels, at the expense of 
high distortion for signals of medium level. Generally it is desirable to 
adjust the bias to a value at which the distortion rises slowly with signal 
level, until, at the overload point, the rise in distortion becomes rapid. 
The overload point is usually taken as the signal level at which the 
distortion reaches 2 per cent total harmonic, an amount which, on a 
1,000-cis tone, is easily heard by comparison with a pure note at the 
same level, but which is not very noticeable on music. 
As the magnetic characteristic is symmetrical, the major distortion 

then takes the form of peak-clipping on both positive and negative half-
cycles; resulting in the production of odd harmonica, and, if more 
than one frequenity is present, of second-order inter-modulation pro-
ducts. 
Owing to the self-demagnetizing effect at short wavelengths, the over-

load point is considerably lower in level at high than at medium and low 
frequencies. Typically, the overload point at 10 kc/s might be 10_ db 
lower than that at 1 kc /s. The harmonics arising from the resultant 
distortion do not appear in the output, owing to factors limiting the 
frequency response. Second-order intermodulation products. however, 
arising from a two-tone signal having frequencies h ana J. will be found 
at frequencies of (2h — fb) and (2fb — f.), and may be used to measure 
the distortion." Even harmonies, and first-order intermodulation 
products, at frequencies 2h, 214, (14 ± fb) do not arise, and the proposed 
C.C.I.R. method for measuring intermodulation distortion, which takes 
account only of first-order products, is unsuitable for this applica-
tion. 

If even harmonics or first-order intermodulation products are found 
in the output, they must be due to: 

(a) the tone source; 
(b) the amplifiers; 
(c) asymmetry of the bias waveform; or 
(d) accidental magnt tization of one or more of the heads. 

The servicing of Jomestic tape recorders is described in Section 39. 
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Modulation Noise 
Modulation noise is a form of distortion which is noticeable in some 

types of recording. It takes the form of a hissing or grunting noise, 
which rises and falls with the envelope of the signal. It has been sug-
gested, with the backing of considerable evidence, that variations of 
contact between tape and head, due, for example, to roughness of tape or 
heads, or to mechanical vibration in the machine; cause the signal level 
to be modulated at the interfering frequency. This modulation takes 
the form of sidebands on either side of the signal frequency, and, being 
enharmonie to the signal, they are heard as noise. Slight over-biasing 
tends to  reduce the effect to a small degree, but its elimmalibn ifiuit be 
dependent upon the reducticiirdrall mechanical irreguiarities, both in 
the tape and in the driving mechanism. 
r It is exaggerated by slight magnetization of the replay head (as is 
normal background noise), and some types of tape nre more susceptible 
than others. 

Editing 
Tapes may be cut and joined for editing purposes without noticeable 

effect in the form of noise. Sections of a length up to about à second 
of playing time may be eut out completely without the loss being notice-
able. It is advisable to make the cut in a note of sustained pitch, in a 
sebtion of complete silence, or at the start of a sharp, transient sound, for 
best results. 
The cut should be made at an angle of between 45° and 70° with the 

tape axis, so that its passage over the heads is relatively gradual. A 
non -mag:netized cutting tool must be used. 
A lap joint may be made, using suitable cement, but a better method is 

to make a butt joint,-at an angle, the backs of the tapes being fastened 
with a patch of adhesive tape manufactured for the purpose, the pattih 
being subsequently trimmed to the width of the-tape. 

If a jointed tape is erased and re-recorded upon, the joint should be 
completely unnoticeable on replaying. 

Print-Through • 
One of the troubles which beset, tape and wire recording is the problem 

of print-through. Any magnetic material will be magnetized by being 
placed in proximity to another magnet, and each particle of a recorded 
tape or wire is susceptible to magnetization by adjac it particles. 
Strong signals on a tape recording will be printed through cui to adjacent 
layers in the reel, producing pre- and post-echoes. In extreme cases 
ten or twelve repetitions have been noted on either side of a strong 
signal, printed through as many successive layers. High-coercivity 
materials, recorded at low levels, are naturally less susceptible. 

Print-through has been found to be a function .of temperature," 
increasing rapidly at temperatures above about 65-70° F. Tapes 
should therefore be stored in a cool place. 

It is also a function of time, rising fairly rapidly during the first few 
hours of contact, and then more slowly. There is also some reduction 
of the printed signal during the first hour or so after separation, so that 
it is advantageous to rewind the tapes occasionally, and, in particular, 
an hour or so before they are required to be replayed. 

Proximity to stray fields, for example the leakage fields from loud-
speaker magnets or mains t*ansformers, must be rigorously• avoided, 
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both on account of print-through and of distortion, particularly of the 
higher-frequency waveforms. 

Standards 

The standard width for recording tapes is in. and thickness 0.002 in 
\ The standard linear speed for professional recording purposes is 
I 30 in./second, with sub-standard speeds of 15 in./second and 74 in./ 
second. It is recommended that, when slover speeds are required for 

‹\ domestic or other purposes, further sub-multiples of 30 in./second should 
be employed. 

— For tolerances, details of spools, and other details, reference should be 
made to B.S. 1568: 1953. 

For 30 in.lsec. and 15 in./sec., the standard recording characteristic 
shows a " top " fall, and the standard replay characteristic a gApp 
rise, of 35 microseconds time co,nstant. For 74 in./sec., the standard is 
100 microseconds time constant. For 31 in./sec. working, no standard 
has been laid down but the generally accepted characteristic has a time 
constant of 200 microseconds, in order to avoid high-frequency overload. 
It is evident that full frequency range can be obtained at the lower' 
tape speeds only at the expense of reduced signal-to-noise ratio or 
increased distortion, with current tape-coating materials. 
-Standard track positions for magnetic-tape records are 'riven below: 

Monaural Tape Records 
Spool. 7 in. (17.8 cm.) plastic; standard domestic fitting; dimen-

sions within B.S. specification. Tape wound with oxide in. 
Recorded Tracks ( Two). Separation between tracks, 0.030 in. 

(0.76 mm.) Track width (each track), 0.0110 in. (2.795 mm.). 
Dimension of Recommended Replay Scan. Track separation, 0.050 

in. ( 1.27 mm.), track width, 0.090 in. (2.29 ram.): margin from edge of 
tape, 0.010 in. (0.25 mm.). 

Winding Sense, The direction of recording will be such that with the 
take-off spool (magazine of tape record) unwinding in an anti-clockwise 
direction (active or oxide surface facing the centre of the spool) the 
top track is operative and called the first track. The lower or second 
track is recorded in the opposite direction. Leader strips will be 
fitted to the beginning of the tape indicating the title and record 
number of track one. The printing will be the right way up when 
track one is at the top ready for playing. A title strip will also be 
fitted for track two, and the printing will be so arranged that it will be 
necessary to turn over the spool to read and bring track two to the top. 
Spool turnover is unnecessary for machines fitted with track-reversal 
devices. 

Recording Characteristic. This will be to the C.C.I.R. standard for 

74 in./sec. 

Stereo Tape Records 
Spool. 7 in. ( 17.8 cm.) plastic: standard domestic fitting; dimensions 

within B.S. Specification. 
Magnetic Tape. Tape wound oxide in. 
Recorded Tracks (Two). Separation between tracks, 0.030 in. 

0.76 inrn.). Track width (each track), 0110 in. (2.795 mm.). 
Dimensions of Recommended Replay Scan. Track separation, 0.050 
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in. ( 1.27 nun.); track width, 0.090 in. (2.29 mm.); margin from edge of 
tape-00l0 in. (0.25 mm.). 

Winding Sense. The direction of recording will be such that the 
take-off spool (magazine of tape record) will unwind in an anti-clock-
wise direction during reproduction, active or oxide surface facing the 
centre of tho spool. A leader strip will be fitted to the beginning of 
the tape indicating the title and record number. If the tape moves 
from left to right and with the active side facing away from the observer, 
the top track shall be designated No. 1 track and the bottom one No. 2 
track. In stereophonic applications, No. 1 track shall carry the 
recording for- the left-hand channel as viewed from the audience, and 
No. 2 track shall carry the recording for the right-hand channel. The 
tracks shall. be recorded with the head gaps in line 

Recording Characteristic. This will be to the C.C.I.R. standard for 
74- in./sec. 
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DISC RECORDING AND REPRODUCTION 

Although Edison held an earlier petent for the disc record, the system 
of recording on discs was developed by Emile Berliner, in 1887, with the 
object of overcoming the difficulties of duplication associated with the 
cylindrical records of the Edison Phonograph. Owing to the ease and 
economy of producing an almost unlimited number of copies, the 
system becarae—and still is—the most popular for the commercial . 
production of recordings for domestic and other uses. Secondary 
advantages include easy storage and the facility of being able to select 
any passage at will. A fundamental disadvantage is the change of 
linear speed with working radius. 
The original recording was done, until recent years, on wax, either in 

the form of. a solid circular slab, about an inch in thickness, or of a 
coating of about 0-015 in. thickness on a circular -plate of Fin. glass. 
Modern practice usually employs a so-called " lacquer " disc, this being 
an aluminium base, of about 0.036 in. thickness, coated to a thickness of 
0.006 in. with a lacquer of cellulose nitrate, combined with suitable 
plasticizers. 

Recording 

The recording process consista of rotating the disc about its centre at a 
constant rotational speed, on a machine which is essentially a horizontal 
surface lathe, and of cutting upon its surface a spiral groove by means of 
a stylus mounted in the cutter head, which is moved radially over the 
surface of the disc. 

Rotational speeds of 78, 45 and 331 r.p.m. are now standardized. 
The pitch of the spiral may lie between about 70 and 350 grooves per 
inch. 
At the saine time, the stylus is itself oscillated in a direction radial 

with respect to the disc, in such a manner as to represent the waveform 
of the signal. 

If the no-signal spiral were developed into a straight line, the wave-
form engraved would be; subject to certain deliberately introduced 
frequency distortions which are corrected in the reproducer, the 
integral of the input waveform. 

TABLE 2.—PRINCIPAL DIMENSIONS OF COARSE AND MICROGROOVE 
RECORDS 

Nominal speed (r.p.m.) . 78 78 331 331 45 

Nominal size (in.) . . 12 10 12 10 7 
IL 

Outside diameter (in.) . 111 9/ 11/ 91 6/ 
Diameter of outermost 

groove (in.) . . . 
, 

111 91 111 91 61 
Diameter of innermost 

groove (in.) . . . 31 31 41 41 41 

Centre hole diameter (in.) . 0.286 0.286 0.286 0.286 e2g 

• 
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A lacquer original is suitable for direct playback using d lightweight 
pick-up, or it may be processed to obtain copies. 

Processing 

The first step in processing is to render the surface electrically con-
ductive. In the case of wax this may be done by several methods. In 
one method, silver vapour, produced by heating silver to its melting 
point in a vacuum chamber, is permitted to condense on the surface of 
the wax. In another, a potential of some 2,000 volts is set up between a 
gold cathode and the wax, in vacuum, and a discharge takes place 
which causes a thin filin of gold to be sputtered on to the wax. 
With lacquer, a layer of silver is chemically deposited on the surface 

from a solution of ammoniacal silver riitrate by the action of a reducing 
agent. 
The disc is then mounted by its edge in an electrode assembly, and 

becomes the cathode in a series of plating baths, being electroplated first 
with nickel, then copper, to a mean thickness of about 0-035 in. The 
whole of the electrodepnsition is then stripped away from the original, 
which is usually destroyed in the process. This is known as the 
" Master ", and is an inversion of the original, having ridges in the place 
of grooves. 
To this Master, a separator coat of potassium dichromate is applied, 

and the electrodeposition and stripping process is repeated, producing a 
" Mother " which is an exact copy in metal of the original. If a very 
large number of pressings is expected, several " Mother " shells may be 
made. 

After applying a separator coat, the electrodeposition and stripping 
process is again repeated, often a number of times, producing several 
inverted" copies, or " stompers ". The stampers are themselves 

placed in an electroplating .bath, • and given a very thin surface of 
chromium, to give added resistance to wear. They are then soldered 
flat on to a banking plate of copper, and after trimming the edge and 
locating the centre hole, are ready for the press. 
Two stampers are mounted in the record press, with.labels in position, 

one in the upper and one in the lower platen. Steam is admitted behind 
the stampers, which raises them above the softening temperature of-the 
record material. A preheated " biscuit " of this thermo-plastic material 
is placed between the stampers, and the press is closed under pressure, 
which causes the matérial to flow into the space between the stampers, 
being moulded over every ridge of the waveform, and forming an exact 
copy of the original recording. 
Admitting cold water behind the stamper cools the moulding and 

and causes it to set solid, when the press may be opened and the record 
removed. Tho complete pressing cycle takes less than two minutes. 
After trimming and smoothing the edge, the recortl is ready for packing 
and despatch. 
The original waveform is maintained throughout this processing 

within a very close tolerance, any measurable variation being invariably 
due to abrasion, caused by, say, wear on the stampers, or excessive 
• polishing of the metal shells with a view to improving the appearance of 
the finished product. It must be appreciated that the amplitude of a 
10-kc is wave, for example, at only 20 db below peak recording level, a 
readily audible signal, is less than half a micron, invisible through an 
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optical microscope. Yet such a wave will impart to the reproducer 
stylus tip a peak lateral acceleration of.more than 170 times the gravita-
tional acceleration. 
The biscuit which forms the pressing has been for many years com-

pounded of shellac, with various fillers and colouring matter. Modern 
techniques employ, for some types of record, Vinylite, Geon or similar 
thermo-plastic material. These take advantage of modern pick-up 
design to give improved quality with lower background noise on 
playback. 

Playback 
Playback from the record is carried out by rotating it at the same 

speed at.whicili it was reeorded. The turntable on which the record is 
placed should revolve at a rate which is maintained steady within better 
than 0.1 per cent, and must be free from vibration, which would be 
reproduced as a low rumble. 
A pick-up head carries a stylus having a hernial:41+ml tip, which 

rests In the V-section groove cut by the recording se'tYllus, so that it is 
grippèd and located by the sides of the groove. The pick-up is usually 
mounted on an arm which is free to rotate about a centre some distance 
from the record centre, and is free to move only in an aro which is 
approximately radial with respect to the record. The pure spiral com-
ponent of the groove displacement, acting through the stylus, thus 
causes the pick-up to track substantially radially across the surface of 
the disc, following the motion of the recording head. 
At the same time the stylus point is made to oscillate from side to 

side, following the wave engraved on the disc, but, due to its inertia, the 
pick-up head cannot follow these rapid oscillations. There is therefore 
relative motion between stylus and head, which can be utilized to 
generate a proportional e.m.f. by eleetromagnetic or other means. 
This e.m.f. may be amplified and used to reproduce the original signal. 
An alternative system, following the original Phonograph, utilizes 

vertical oscillations of the stylus tip, and is known, from the groove 
formation, as " Hill and Dale" recording. This has certain inherent 
disadvantages, and has become virtually obsolete. 
" Hill and Dale" recording has now been revived as a component in 

stereo-disc recording. The disadvantage of high tracing distortion 
has been greatly reduced by the employment of a reproducing stylus 
having a tip radius of only 0.0005 in. 

Recording Machine 
The recording machine or lathe carries the recording blank on a turn-

table which must be rotated at a perfectly even speed within 04 per 
cent or better. This normally implies that the turntable shall be heavy 
(up to 50 lb. or more) and that the bearings shall be of impeccable 
quality. Since the oscillations of the groove are so extremely small, 
vibration of the machine due to the drive must be rigorousy avoided. 
The actual power required to drive a recording turntable against friction 
and the drag of the cutter is of the order of 5-10 mechanical watts. 
However, a considerably more powerful motor is needed in practice, to 
give a reasonable run-up time, and to maintain steady speed. 

In some types of machine, the cutter head is tracked radially over the 
disc, by means of a very accurately cut lead-screw. In others the 
recording head remains stationary, and the turntable is itself moved. 

x x 
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FIG. 5.—Taa SCULLY RECORDINO LATHE. 
(Scully Manufacturing Co.) 

in order to allow for imperfect flatness of the surface of the recording 
blank, which is often clamped to the turntable by both centre and edge, 
the cutter head is " floated ". It is suspended on knife-edges and 
slightly unbalanced so that there is some small weight on the stylus. 
sufficient to cause it to out into the blank to a pre-determined constant 
depth. Sometimes an " advance ball " is used, resting on the gurface of 
the disc, to control the depth of cut. 
In some of the latest designs a servo-mechanism is included to 

control the depth. 
The cutting stylus has a chisel point of the shape shown in Fig. 6, 

and cuts a groove of the form shown in Fig. 7. 
The rotational speed of 78 r.p..._43. e,ppeare to have been arrivesl at 

quiîe arbitrarily, W -r".p.rn. ló-eIng thought to be a little too slow, ana 
BlYr.p.m. a little t420 fast. ùroove dimensions in the early days appear 
to have been equally arbitrary, and grooves of widely differing sections 
are to be found among earlier recordings. Modern improvements in 
pick-ups have made possible much shallower imd. more closety" spaced 
grooves, and introduced the now well-known " microgroove " tech-
niques, requiring much smaller pick-up stylus points. This has 
demanded virtually a revolution in disc recording and reproducing 
equipment, and has cleared the way for a complete re-design of the 
record dimensions from an engipeerina_ndpoint, aiming at the best 
cOmeromise between maximum 1 background noisejigtort, and 
playm,g timo. This has resulted in a rotational speed of 33. r.p.m. 
rór long-playing microgroove records, with 45 r.p.m. for a 7-in.-diameter 
record of medium playing time. 
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FIG. 6.—RECORDTNG 
STYLUS. 
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Groove pitches used on stapdard 78-r.p.m. records vary between 70 
and 120 grooves per inoh. For microgroove records the range is about 
200-300 grooves per inch. In order to get even longer playing time 
from long-playing records, without sacrificing quality, variable groove 
spacing has been employed, utilizing, say, 350 grooves per inch for very 
quiet passages, where amplitudes of groove excursion are small, and 
opening out to 150 or 200 grooves per inoh on forté passages witt 
increased amplitudes. The control of 6:oove spacing is now usually 
automatic, being governed by flia—Sum of the groove width and " 
v•••ve peak amplitude, with a small margin for safety. 

Recording Characteristics and Levels 
If the peak amplitude of a record sine-wave is given by A, and u) is 

the angular velocity, equal to 24 where f is the frequency, the instan-
taneous amplitude is given by a, where 

a = A sin co t. . . . (1) 

The instantaneous velocity of the stylus tip is gh en by y, where 

da 
= = Ay:cosy)/ 

and the acceleration by: 
dv d'a .•\ 

g = • == — A cu2 sin o t 

" 
Peak values are denoted by A, V = Aw, and G = Vt.) -= Aw2; 
r.rn.s. values are denoted by A, V Ay.), and GI = Vco = Acu2. 

0.0027 " 
0 0065 " 

871-0 
2 

COARSE 

8771° 

0 001 RAD. 0. 00025, 'RAD. 

MICROGROOVE 

(2) 

• (3) 

ritoriLE. 
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If a coarse groove width of 0-0065 in. and a coarse groove spacing 
0-0100 in. is assumed, there will be 0-0035 in. land between grooves, 
permitting safe amplitude of, say, 0-003 in., or 0-008 cm., provided two 
half-waves of opposite phase do not occur in juxtaposition in successive 
grooves. At 15 kc/s, recorded to this amplitude, the peak velocity 
would be about 800 cm./second. At the minimum radius, recorded on a 
78-r.p.m. disc, the linear speed of the groove past the stylus tip is only 
about 40 cm./second, so that the maximum angle which the groove wall 
makes with the direction óf travel is tan 800/40, or about 87°. The 
vertical slope the groove wall is only 45° so the stylus would ride over 
the top, rather than follow the groove. in any case, the groove wave-
form degenerates into a series of cusps, and the distortion would be in-
tolerable, so that a system of" constant amplitude " recording, in which 
amplitude is proportional to signal input, is quite impracticable. 

If the velocity is maintained proportional to input, the amplitude is 
inversely proportional to frequency, and if a reasonably high velocity 
is to be maintained at medium and high frequencies the low-frequency 
amplitudes will be too large for the groove spacing. A compromise is 
therefore effected, the characteristic laid down by Maxfield and Harrison 
being " constant velocity" above 250 e/s, and constant amplitude" 
below. The .transition is not sharp, being in fact a curve having the 
same shape as the curve of impedanee of an electrical resistance-
inductance parallel combination, with a time constant of 637 micro-
seconds. The asymptotes to this curve intersect at 250 c/s, and this 
is known as the turnover frequency ". 
Some manufacturers used a turnover frequency of 300 or 350 c/a, time 

constant 530 or 455 microseconds, while other manufacturers used 
500 o/s, time constant 318 microseconds. 
In 1955, an international standard was adopted, and incorporated 

in B.S. 1928 : 1955. This defines the recording characteristics as the 
frequency response relationship between the recorded waves and the 
electrical input to the monitor loudspeaker. The standard recording 
characteristics are the resultant of adding algebraically the decibel 
responses of three curves, having the following characteristics: 

(a) One rising with frequency in conformity with the impedance 
of a series combination of an inductance and a resistance having 
a time constant LIR of 

(b) One rising with frequency in conformity with the impedance 
of a parallel combination of inductance and resistance having a 
time constant LIR of t2. 

(c) One falling with rise of frequency in conformity with the 
impedance of a series combination of a capacitance and a resistance 
having a time constant C-R of t3 

For Coarse Groove 
Recorda 

= 50 microseconds 
t2 = 450 microseconds 
13 -= 3,180 microseconds 

For microgroove 
Recorda 

ti = 75 microseconds 
= 318 microseconds 

ts = 3,180 microseconds 
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Exact equalization can be obtained in the reproducer by using the 
inverse of these characteristics. 

Levels on the record are always measured in terms of the r.m.s. 
lateral velocity, expressed in cm./second, or in decibels above or below 
a reference of 1 cm./second r.m.s. (sometimes referred to as dBc, by 
analogy with dBm). 

It is very desirable to equalize for the recording characteristic in one 
part of the replay system, and to adjust for the studio balance, for the 
listening conditions and for personal taste, with an entirely separate set 
of tone controls. 

Recording Heads 
Tha recording head must be designed to drive the stylus point at 

amplitudes up to, say, 0-02 cm. in the bass frequencies, and velocities up 
to, say, 30 cm. /seconds r.m.s. above about 500 o/s, without noticeable am-
plitude distortion, and without undamped resonances in the frequency 
characteristic. The impedance offered by the dise to lateral motion of 
the cutting stylus varies with the linear speed, and hence with the work-
ing radius. The mechanical impedance of the stylus tip itself must be 
made high, in order to swamp these variations, but this impedance 
will be low at the natural resonance. Hence, either the natural reson-
ance must be placed outside the recorded frequency range or heavy 
damping must be applied to control the resonance. The latter usually 
consumes power which must be supplied by the driving amplifier. In 
the former case the resonance can be raised by making the moving parts 
much smaller, but this lowers their power-handling capacity. Alter-
natively, the stiffness can be increased, requiring more driving power, 
again with danger of electrical -overload. 

If the resonance is to be lowered without reducing the mechanical 
impedance, this must be done by increasing the mass of the moving 
parts, requiring more driving force at high frequencies. 
Very satisfactory designs have been produced using a damped inter-

'mediate resonance. One moving-iron type, having a frequency response 
extending from 30 to 20,000 cls, requires only the output from a 6-watt 
amplifier, via a correcting equalizer, to record full commercial disc levels 
with less than 1 per cent distortion. Other moving-coil types, in 
which the electrical and meehanical parts are inherently tightly coupled, 
utilize the low output impedance of the amplifier to provide electrical 
damping without waste of power. 
The usual method is to derive-an electrical voltage from the recording-

stylus motion, and to feed this back inversely to an early stage in the 
recording amplifier as " negative feedback ". Very careful control of 
phase-shifts is necessary. 
Moving-coil type recorders operate on the well-known d'Arsonval 

principle, with the stylus rigidly attached to the coil to avoid spurious 
secondary resonances. An alternative type has the coil in the form of a 
single-turn loop mounted on a vertical axis and excited by transformer 
action from fixed speech coils. A horizontal cantilever arm connected 
to this coil, and carrying the stylus on its outer extremity, converts the 
rotational to an oscillatory motion. 

Moving-iron types have the stylus rigidly fixed to an armature, one 
end of which is free to oscillate between the poles of a fixed magnet. A 
coil surrounds the armature, and currents in the coil induce a magnetic 
pole of alternating polarity in the free end. The latter is therefore 
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DAMPING 

\ DAMPED PIVOT 

F/13. 8.—MOVING-COIL SYSTEM. FIO. 9.—MOVING-IRON SYSTEM. 

attracted first to one pole of the fixed magnet and then to the other, 
producing oscillatory motion of the armature. Adequate air-gaps must 
be provided to linearize the iron circuit with the signal currents used, 
• and a mechanical restoring force is necessary, tending to maintain the 
armature tip in the centre of the gap. Adequate damping must be 
• incorporated to control the resonance between this force and the 
armature inertia. Provided that the fixed magnet field is large com-
pared with the signal flux in the air gaps, and provided that the pole 
tips and armature tip do not approach magnetic saturation, very low 
distortion can be achieved with this type of recorder, owing to the 
differential action. 

Hot Stylus 

It has been foundl that when cutting lacquer, heating the stylus tip 
to a temperature in the region of 1504600 F. improves the cutting, 
and helps to avoid a tendency to throw up " horns ", or ridges, on each 
side of the groove, which interfere with stripping during processing. 
The working temperature of the stylus tip is very difficult to measure, 
and trial-and-error is the beet guide. A coil of seven turns of 42 &WA-
Eureka wire, close wound directly on the shank of a sapphire stylus 
and cemented in place close to the tip, requires about t ampere. Care 
must be taken that the swarf does not ignit.e-
Swarf removal is best carried out by suawn, a trap box being used to 

collect the waste, which, in the case of lacquer, is dangerously 
inflammable. 

Unless some precautions have been taken during the manufacture of 
the disc, some trouble may be experienced due to the very high static 
charges built up on the swan f during cutting, which tend to make it 
adhere to the disc surface. 

Pica-ups 

There are three types of pick-up in common use. The moving-i-on is 
essentially the same as the moving-iron recorder with its function 
inverted. The Ynoving-coil is again based on the d'Arsonval principle, 
working in reverse as an electrical generator; the ribbon type, 
occasionally seen, is essentially a. moving-coil pick-up having a single. 
turn coil. The third main type, which is widely used, is the crystal, in 
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which the piezo-electric properties of a crystal such as Rochelle Salt are 
utilized to develop an electrical potential from a mechanical strain. 
The moving-iron-type has usually the highest power output, with the 

moving-coil type second, and the crystal the lowest output. However, 
the crystal more nearly matches the impedance presented by the grid of 
an amplifying valve, and in the absence of matching transformers for 
the alternative types will usually give a higher voltage at the grid. 
There is little to choose between the types as regards the transducer 

itself. Crystals are sometimes subject to temperature variations, but 
the difficulty of changes with humidity has now been overcome. Ampli-
tude distortion due to transducer action is, in any good design, negligible 
compared with tracing distortion. 
The principal differences lie in the linking mechanism between the 

record groove and the transducer proper. 
Tho stylus assembly must have some stiffness in its fixing, to maintain 

it in a mean central position and enable the pick-up to be tracked across 
the record. There is a resonance between this stiffness and the inertia of 
the armature and stylus, but when the stylus rests in the groove, this 
resonance is no longer free, and is of no consequence. However, this 
same-stiffness will resonate with the inertia of the whole pick-up head 
and arm at a low frequency, and since this reronance is free, it will cause 
a marked rise in response at and around this frequenoy.2 More serious, 
the meohanical impedance at the stylus point will rise to a high value,3 
and, if the level is high enough, either the stylus will jump out of the 
groove, or the groove wall will be broken down. Severe wear will 
inevitably result, even at low and medium levels. 
The record material has a resilience or compliance which resonates 

with the inertia of the stylus and moving parts at a high frequency. 
This resonance also results in a high mechanical impedance at the stylus 
point, which will therefore fail to follow accurately in the groove, 
resulting in severe record and stylus wear and distortion, accompanied 
by a rise in response around the resonant frequency. The compliance 
of the modern plastic microgroove records, taking into account the 
difference in stylus-tip radius, is _roughly twice that of the coarse-
groove shellac pressing, so th d resonant frequency of a given pick-up 
on a microgroove record will be only about 11Vi that applying with a 
shellac record. 
Some pick-ups eipploy quite complex linkages between the stylus 

point and the transducer proper, serving the _purpose meohanical 
impedance-matching transformers. These are liable to have spurious 
resonanees, as is the pick-up tracking arm itself. 
The cure for these troubles is twofold—firstly, to keep all important 

resonances well outside the recorded bançl-width, and secondly, to 
provide adequate mechanical damping. If. this is done, the open-
cirouit gene-ated voltage will automatically be linear with respect to 
frequenoy, either with reference to recorded velocity (eleotro-mechanical 
types) or to recorded amplitude (crystal types). ' The latter can be 
converted to a velocity type by differentiating the output, for example 
by loading the internal capacitance of the pick-up with a resistor. 

Further information on pick-ups is given in Section 31. 

Reproducing Stylus 
The tip of the reproducing stylus which enters the record groove 

should be of spherical. form. A radius of 0.0025 in. will fit eleost all 
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the wide range of groove shapes which have been used on different 
makes of record in the past.' For microgroove records, the tip radius 
should be 0.061 in. The taper from tip to shank is not oritical. Any 
included angle from, say, 25° to 60° is satisfactory. 

If the point is to slide round the waves recorded in the groove, with-
out undue stress, it must have a low coefficient of friction, and must 

Fla. Ili—REPRODUCING 
STYLI. 

MICROGROOVE 

therefore be highly polished. Diamond, sapphire and chromium are 
suitable materials, having resistance to wear in the order given. Wear 
of the point results in departure from the spherical form, which in turn 
leads to distortion and severe record wear. If unpolished, or of the 
wrong shape, the harder materials will, of course, do the more damage. 
However, there is no doubt whatever that a well-formed and well-
preserved jewel point gives the most satisfactory overall performance. 

Tracking and Tracing Distortion 

The pick-up swings in an aro about the tone-arm pivot, whereas the 
recording head moves radially. Over most of the record, therefore, the 
lateral excursions of the pick-up stylus are forced to take place at an 
angle to those of the recording stylus, leading to even harmonic distor-
tion. This is more serious with short arms. The effect can be very 
largely overcome, however, by making the radius of the arc swept by the 
pick-up point slightly greater than the distance between record and 
tone-arm pivot centres by an amount known as the " overhang ", and 
by offsetting the head on the arm at a slight angle, inclined towards the 
record centre. When playing a record, this results in a drag on the 
pick-up toward the centre, which offsets—or may oven exceed—the 
friction in the tone-arm bearing. Some smooth friction at this point, 
in order to chimp the tone arm resonance, may, therefore, also be of help 
in equalising the side thrust on the stylus tip. 

It is desirable to keep the tracking error at u minimum toward the 
centre of the record, where linear speed is lowesy and wavelengths there-
fore shortest. At the outer edge its effects are usually small. The 
geometry of the situation is complex, but formule due to Bauer 5 are 
given below which enable this form of distortion to be reduced to 
negligible proportions. 

If C is the distance from record centre to tone arm pivot axis; L_is 
the distance from stylus tip to,tone arm pivot axis; D = (L — C) = 
overhang; r1, r2 are the radii of minimum and maximum music grooves, 
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respectively, all measured in the same dimensions; and B is the offset 
angle in radians, then; 

and 

D — 
• L (1 + 2+1 

r;(1 •-Frrie) 

(.1 4. .7-7.2) 2 + 

ri2 . (4) 

• (5) 

Tracing distortions are those amplitude distortions which arise due to 
the lateral excursiors of the pick-up stylus point not exactly following 
those of the recording stylus, with respect to time. One obvious cause 
is that the weight of the pick-up head, resting on the small area of the 
stylus tip, itself distorts the groove due to the resilience of the record 
material. The equally obvious cure is to counterbalance the weight to 
rest as lightly as possible on the record, the minimum permissible down-
ward pressure being, in general, just in excess of the force required to 
overcome the maximum lateral impedance of the stylus point at the 
maximum groove acceleration to be expected. Any resonance must, 
therefore, be avoided, and, in order to allow the weight to be reduced, 
the moving parts must be kept extremely light, otherwise the stylus tip 
will not remain firmly seated in the groove. 
Any motion of the needle tip in the direction of the tangent to the 

mean groove, i.e., " fore and aft ", will introduce phase modulation of 
the wave, which will produce appreciable distortion. 
The axis of the sinuous groove makes an angle O with the axis of the 

mean groove (i.e., the groove which would have been cut had there been 
no signal). The tangent of this angle, tan 0, is the ratio of the instan-
taneous lateral and linear velocities at that point, and becomes greater 
toward the centre of the record, where the linear velocity is reduced. If 
this angle becomes large, the forces on the stylus tip tending to produce 
" fore-and-aft " oscillation, and to distort the groove wall, become too 
great, and the distortion rises rapidly. This sets one limit on the safe 
maximum level which may be recorded. 
At a point where the groove is at an angle to the mean groove, e.g., 

at a point crf inflexion where a sine wave crosses the axis, the width of 
the groove measured radially to the record is normal, determined by the 
shape of the chisel-edged recording stylus. However, measured as a 
cross-section of the groove, perpendicular to •its own instantaneous 
axis, it is reduced in the ratio of cos O. Since the stylus tip is spherical, 
it must ride up the narrowing V groove, and a vertical component of 
motion is thus introduced at twice the frequency of the recorded wave. 
This is known as " pinch effect ". If the pick-up has any response to 
vertical motion, this output will appear as second-harmonic distortion. 
This presents a serious problem in stereo records, Where the vertical 
component contributes to the output. Here the reduced stylus-tip 
radius is helpful. 

Alternatively, if there is no vertical compliance of the stylus, having 
been once forced upwards, it will fail to drop back sufficiently rapidly, 
and will run round on the outer wall of the wave peak, without making 
,ontact with the inner wall, which introduces another form of distortion. 
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P FIG. 11.—PINCH EIITECT. 
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On single-channel records 
pinch effect can be • largely 
overcome by mounting the 
stylus on a short cantilever arm, 
which has adequate vertical 
compliance, but whioh, laterally, 
is rigidly fixed to the armature. 
Care must be taken that this 
does not introduce further res-
onances and upset the frequency 
response. 
The stylus tip is actually con-

trolled by two points of contact, 
with two identical waves in the 
form of the groove walls, but 
the two points of contact are 
undergoing continuous relative 
phase shifting, due to the sinuous 
motion of the groove and the 
rapidly changing angle. This 
leads to a complex distortion 
which has been very fully in-
vestigated...1 
Roys quotes calculated 

values of individual distortion 
and inter-modulation products. 
When the distortion does not 

exceed about 10 per cent, his expression for third-harmonie Flistgrtion 
may be simplified to the approximate form: 

Percentage third-harmonic distortion 740 (6) 

where r is the playback stylus tip radius; 
f is the recorded frequency; 
V is the r.m.s. lateral velocity; and 
S is the linear speed of the groove. 

No reputable manufacturer of commercial records would permit 
appreciable amplitude distortion in the recorded waveform. Distor-
tion is almost invariably due to the interaction between the groove and 
the stylus tip, and is governed by the wave shape and by the lateral 
impedance of the stylus over the frequency band. The upper end of the 
recording frequency characteristic is determined largely as a com-
promise between high levels, giving rise to distortion with typical com-
mercially available pick-ups, and low levels, giving a relatively high 
background noise. The develqpment of improved pick-ups has &et 
to the use of considerable pre-emphasis on the records, with Corre-
sponding de-emphasis in the reproducer, leading to much reduced 
background noise. This is made full use of in microgroove records. 
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LIGHT SOURCE 

-4  
OBSERVER 

FIG. 12.—PRINCIPLE OF THE BUCHMANN AND MEYER. OPTICAL SYSTEM. 

Levels 

For measurements of frequency response of cutter heads and piok-ups, 
and for distortion measurements, it is necessary to know the level 
recorded on the disc. At low frequencies amplitudes can be measured 
under a microscope, but at high frequencies they become too small, 
except at extremely high levels. Knowing the groove radius, however, 
and hence the linear velocity, the level can be determined from the 

angle 0, for the ratio of peak lateral to linear velocities is equal to tan O. 
Buchmann and Meyer have developed an elegant optical method for 
measuring this angle.'0,11 

Bachmann and Meyer Optical System 
A parallel beam of light is allowed to fall on the groove walls, and 

will be reflected back, via a viewing telescope, to the eye of an observer, 
from any part of the wave which is normal to the plane through the 
light source, the eye, and the point of reflection, see Fig. 12. 

In Fig. 13, consider a small section of sine-wave situated at a radius R, 
and in line with the record centre. Parallel light from a distant source 
will be reflected back in parallel rays from the points A and B, so the 
observer will see two points of light. 

PARALLEL RAYS 

FIG. 13.—BUCIIMANN AND MEYER MEASUREMENT. 



34-34 RADIO AND TELEVISION REFERENCE BOOK 

Frequency Scale 

' — • SU t.p.e. 

— — — - 100 .p.s. 
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(" Crossover frequency" 

— — — — 1,000 c.p.s. 

— — — 10,000 e.p.e. 

- — — — 15,000 c.p.s. 

20400 c.p.s. 

FIG. 14.— MANN—MEYER PATTERN OP GLIDING TONE go kos TO 
c's RECORDED BY E.M.I. TYPE 43 EQUIPMENT. 

If the disc is now turned about its centre through a small angle, 0, 
the parallel reflected rays must emanate from two new peints A' and B', 
which are closer together than A and B, and which occur at points on 
the wave where thé groove makes an angle O with the mean groove axis. 

Turning the disc through a total angle of O, the two points A and B 
will converge to a single point C, at the point of inflexion of the wave, 
where the angle between groove and mean groove axis is at its maximum 7\ 
value of O. 

Any further turning of the disc will produce no reflections to be seen 
by the observer, because the groove wall has no reflecting points at a 
suitable angle. The limiting angle of turntable rotation at which 

reflections can be seen is therefore equal to fl\, the peak angle between the 
groove and tho mean groove axis. 

If the record has a continuous sine wave recorded on it, and if the 
turntable is continuously rotated, the individual reflection points will 
merge to show a band of light of breadth B cm. This can be measured 
by comparison with a scale mounted close to the record surface, or by a 
calibrated graticule in the telescope eyepiece. 

From the geometry, 
.-. 

B = 21? sin 0 • (7) 
7\ 

Now V = S tan a . • (8) 
where S is equal to the linear velocity, which is 2-rrR x r.p.0m. 
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(r.p.m. referring, of course, to the rotational speed at which the disc 
was recorded). 
Hence 

ir r.p.m. — X cm./second (0) 
• V2 60 cos 

For small angles cos 8can be taken as equal to 1, and the error is less 

than 1 db for 0 = 25°, 0 being half the angle subtended by the band-
width at the centre of the record. The angle subtended at the centre of 
the disc by the light source and by the telescope objective must, how-

ever, be small compared withli\if reasonable accuracy is to be expected. 
For example, take B to equal 1 cm. on the outside of a 12-in., 78-r.p.m. 

record. From equation (9), the level is 2-9 cm./second rams., and from 

equation (8), 0 is 2°. For reasonably accurate measurement the angles 
subtended by the light source and the telescope objective must not 
exceed about I°. If B is smaller, light source and telescope must be 
correspondingly smaller, for the same accuracy. • 
Tho level expressed in decibels will be 20 log with respect to 

1 om./second. 

Peak Levels 
The peak levels recorded on a disc should be limited to values which 

can be reproduced without serious distortion by currently available 
pick-ups. At low frequencies the limit is set by the amplitude which 
can be accommodated by the groove spacing. At medium frequencies 

the velocity, or more exactly, the steepness of the wave front, angle 0, 
sets the limit. At high frequencies stylus pressure, and hence peak 
acceleration, is the limiting factor, and also the minimum radius of 
curvature of the wave must not be allowed to approach the radius of the 
needle tip. 
Good piactice indicates the following limits: 

For 78 r.p.m. standard groove recordings 

Maximum amplitude = 0-010 cm. peak. 
Maximum velocity = 15 cm./second r.m.s. 
Maximum acceleration = 5 x 103 cm./second' r.m.s. 

q ego. z t-,»Jte V...t-rtth 
For microgroove recordings 

Maximum amplitude = 0-004 cni. peak. 
Maximum velocity = 7-5 ern./second r.m.s. 
Maximum acceleration = 5 x 103 cm./second' r.m.s. 

These figures are rather arbitrary, and represent a compromise 
between distortion and signal-to-noise ratio. They are often exceeded 
in practice, but at the inner groove radii they are liable to give appreci-
able tracing distortion. There is, however, some evidence of partial 
mutual cancellation between the distortions due to different causes. 
The best designs of pick-up, having very low mechanical stylus-point 
impedance, can cope with accelerations several times that indicated 
here, without very serious audible distortion, provided that the 
condition is transient. 
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110. 15.—STANDARD PLAYBACK RESPONSE CURVES. 

Typical background noise levels, 12 measured on a constant-velocity 
basis (" fiat" frequency response), with a 0-0025-in, radius point, are: 

Filled shellac . - . 0.1-0.3 cm./second r.rn.s. 
Vinylite . . . 0.01-0.02 cm./second r.m.s. 
Cellulose lacquer . . 0.005-0.01 cm./second r.m.s. 

Pick-up Equalizers 

For measuring the frequency response of pick-ups, a record may be 
made, and calibrated by the Buchmann-Meyer method, or suitable 
records of tones at various frequencies and known levels may be obtained 
commercially. Examples are E.M.l. No. (coarse groove) and 
1;31.1. No. AL 1'15911 and De(pa I.NT5346 (microgroove). 
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l6.— CIMPLX PLAYBACK 
EQUALIZER. 

Coarse Micro-
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The output of a well-designed pick-up when correctly loaded should 
be proportional to the retiorded velocity. Serious departures usually 
indicate mechanical resonance, and mechanical damping is of more 
value than electrical equalization. A gradual reduction of output at 
high frequencies may occur if an inductive pick-up is loaded with too 

 st 

FIG. 17.— FEEDBACK EQUALIZER. 
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low a resistance. Similarly, a loss of bass with a capacitive crystal 
pick-up may also be due to too low a load resistance. Minor peaks in 
the ,curve may be reduced by a parallel inductance, capacitor and 
resistor, in series between pick-up and load. 
Assuming the pick-up to have a substantially flat response, it remains 

to correct for the recording characteristic. The correct replay character-
istic is the inverse of the recording characteristic described on p. 34-25. 
It may be obtained by using three networks, inverse to those described. 
and suitably separated with buffer stages; or, more conveniently, a 
more complex network giving the complete equalization in one step 
may be used. 
Many circuit arrangements will produce the characteristics shown in 

Fig., 15. • A simple arrangement, for use between amplifier valves, is 
shown in Fig. 16. Here Rs and Ri in parallel substantially form the 
load on the first valve, whose anode A.C. resistance is Rs. Rs is 
included to avoid too low a load on the valve when the value of Z 
becomes small. With a pentode, it may not be necessary. 
To find the effective source impedance R,, calculate the valve output 

impedance to the left of capacitor C: 

Then 

Rs& 
Rout -= R8 ±  

Rd RL 
—  &Rout  

° — Re ± Rout 
The reactance of C should be made small compared with Rout at the lowest 
working frequency. Suitable component values are given. 
An alternative circuit tieing negative feeciback is shown in Fig. 17. 

The criterion for satisfactory operation here is that, at all significant 
2 

frequencies, R,„ A > -, where A is the amplification of the stage neglecting 

•feedback,  but not forgetting the loading effect of Z, the network 
impedance. 

Here, the distertion due to this loading is of secondary importance, as 
the loading is accompanied by increased feedback. Nevertheless, Z 
should be made as large as possible compared with RL, consistent with 

remaining sufficiently low for the resistance noise not to become 
signifiéant. 

Cleanliness 

Scrupulous cleanliness is most impoi tant with all types of gramophone 
records. Dust in the grooves will cause increase of background noise, 
and will also result in severe wear of both record and stylus. Finger-
marks on the record surface will cause duet to adhere in patches, while 
the natural electrostatic attraction of the pressing material will cause 
the adhesion of dust over the whole surface. Shellac (78-r.p.m.) 
records may be sponged with a weak solution of mild detergent, rinsed 
and dried with a lintless cloth. Microgroove records should be cleaned 
with one of the special anti-static cloths available (e.g., Emitex). To 
avoid the accumulation of dust while playing the record, a device 
known as the " Dust Bug" has been found very satisfactory. When 
not in use, the record should always be stored in its protective sleeve, 
and should be kept flat, preferably under light pressure to avoid warpage. 
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Stereo Disc Records 

The stereo disc record carries two separate recordings. These, when 
correctly reproduced over two identical independént channels, through 
two similar loudspeakers, suitably spaced, can be made to re-crea,e sit 
the listener's ears the original sound field, in such a way that the 
listener can judge the direction of the source of sound within the angle 
subtended by the two loudspeakers. This results in an ability to 
separate different sources, such as the individual instruments in an 
orchestra, and to distinguish between direct and reverberant sound. 
When the reproducing channels are of high quality a remarkable 
increase in realism is achieved. 
• In the system of recording originally patented by A. D. Blumlein, 

and now generally accepted, both recordings are carried in a single 
groove similar in form to the standard microgroove, with its two groove 
walls substantially at right angles. It may be said that the outer 
groove wall carries the recording for the right-hand channel, viewed 
from the listener, while the inner groove wall carries that for the left-
hand channel. The two wave motions thus occur in directions mutually 
perpendicular, each making an angle of 45° to the record surface. 
The reproducer stylus thus performs a complex motion, having both 

lateral and vertical components; the special dual-channel pick-up must 
be capable of resolving this complex motion into its original 45° com-
ponents and producing two independent outputs determined by the 
individual wavefbrms. 
The phasing of the two tracks is so arranged that the lateral com-

ponent represents the sum of the two waves, and the vertical component 
the difference. Thus a normal single-channel lateral pick-up should 
give fair single-channel reproduction, although the niceties of balance 
and microphone placement will differ from the customary practice. 
No official standards have yet been published, but accepted practice 

is to use groove dimensions similar to those of normal microgroove 
records, but with bottom radius on the low side, say 0.0002 in. This 
is to accommodate the stereo reproducer stylus tip of radius 0.0005-
(1.0006 in., necessary to reduce vertical tracing distortion and pinch-
effect distortion. The frequency characteristic is the same as for 
normal microgroove. 

Because of the small stylus tip, with itio very small bearing arca, 
pick-up weight must be as low as possible, and should not exceed about 
5-6 gm. 
For best results the two reproducer channels should be identical 

as regards frequency response and gain, within fairly close limits, say 
dB between 100 and 10,000 c/s, ± 1 dB between 30 and 15,000 c/s, 

and their phase shifts should be the same within a few degrees over the 
ful: frequency range. Cross talk between channels should be as low as 
possible, preferably better than 40 dB down. The two loudspeakers 
should be as nearly identical as is possible: selected matched pairs 
show a marked improvement over random samples. 
The two loudspeakers should be so placed that they subtend an 

included angle of about 606-90° at the listener, and the acoustics of the 
listening room should be fairly " dead ", and more or less symmetrical. 
Theoretically the listener should be on the centre-line, equally distant 
from both loudspeakers, but in practice, the listening position is not 
• usually at all critical, within fairly wide limits.'6 
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It is important that the two loudspeakers should be in phase with one 
another, and that the overall sensitivity of both channels should be 
the same. This may easily be checked by playing a normal micro-
groove record, when the sound source should seem to be positively 
located mid-way between the loudspeaker8. 
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For many years the only means of rotating a gramophone record at a 
constant speed was by means of a spring-wound motor. Gradually, 
however, the electric motor has superseded its spring predecessor, so 
that today gramophone units are driven almost exclusively by an 

electric rttotor. 
The modem radio-gramophone is fitted with either a single-record 

player or automatic record changer. The single-record player comprises 
a spring or electric motor for driving the turntable, together with a 
pick-up and arm and automatic stop mechanism mounted together on 

a unit plate. 
A record changer is a record player, as described above, driven by an 

electric motor, with means for automatically changing records. Until 
recently, both types of units were made to play 10- and 12-in.-diameter 
standard 78-r.p.m. records. However, with the introduction of micro-
groove records, units to run at three speeds, 78, 45 and 331 r.p.m. are 
now in general use and capable of playing 7-, 10- and 12-in.-diameter 
records, with standard or micro-groove spacing. 

Drives 

The speed of the single-speed units, both spring and electric, has 
usually been controlled by a centrifugal- governor. In the case of the 
electric motor the drive from the 'motor to the turntable shaft has been 
by means of çt worm and gear. 

Difficulty has been experienced in obtaining a steady drive on the 
lower speeds using a gear and governor, which tend to introduce wow, 
flutter and rumble, due to very slight unavoidable inaccuracies in the 
gear and unbalance in the governor. 

For three-speed gramophone motors a rubber friction drive has-been 
found to give most satisfactory results, producing a very silent and 
steady transmission between the motor and turntable. The principle 

TURNTABLE SPINDLE 

. MOTOR PULLEY.--

T U RN TABLE 

RUBBER TYRED 

1 INTERMEDIATE WHEEL 

ELECTRIC MOTOR 

1.—FRICTION DRIVE AS USED ON CH...1101,110NR UNrrs. 
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of the rubber friction drive is illustrated in Fig. 1. The Motor shaft is 
fitted with a pulley of appropriate size, and the driee from the pulley to 
the turntable is transmitted by means of a rubber-tyred intermediate 
wheel, which can drive either on to the inside of the turntable rim or 
on to a concentric drum attached to the centre of the turntable, accord-
ing to the design of the unit. 
The advantage of this type of drivo is that the diameter of the driving 

surfaces which control the speed—the motor pulley and the turntable 
rim or drum—are made of metal, which does not wear appreciably with 

RUBBER TYRED INTERMEDIATE WHEEL 

33>3 P M PULLEY 

78 RPM MOTOR PULLEY 

DRUM ATTACHED 

TO TURNTABLE 

45 R.P.M. PULLEY 

Fm. 2.—THREE-SPEED DRIVE Usnça BELTS. 

use, whilst the size of the rubber intermediate wheel, which may wear, 
does not effect the speed. The ratio between the motor pulley and the 
turntable rim or drum remaining the same whatever the size of the 
intermediate wheel. 
With this type of drive, it is essential for all diameters to be perfectly 

true in order to avoid wow or flutter in the reproduction. The -driving 
surfaces must also be kept absolutely free from oil or grease, to prevent 
slip. 

Three-speed Drives 

Three methods are in general use for obtaining the three required 
turntable speeds. Fig. 2 shows the use of two small rubber belts driving 
from the motor pulley to two stepped pulleys. The diameters of all the 
pulleys are arranged .to give the required turntable speed when the 
stepped pulleys are moved radially around the motor pulley, so that the 
appropriate pulley for the speed reciared drives the intermediate wheel. 
When the two stepped pulleys are in their central position relative to 
the intermediate wheel, the drive is then direct on the motor pulley to 
give a turntable speed of 78 r.p.m. 

Another method, Fig. 3, uses a series of three stepped pulleys 
operating in an arc between the motor pulley and the intermediate 
wheel. One of the steps on each pulley is of rubber, and all diameters 
must be accurate for Size. as they affect the ultimate speed. The third 
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TURNTABLE 41M 
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MOTOR PULLEY 
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PIVOT OF SPEED CHANGE QUADRANT 

FIG. 3.—THREE-SPEED DRIVE USIXG TIIREE STEPPED PULLEYS. 

method shown, Fig. 4, is now in general use, due to its simple construc-
tion. It comprises a motor pulley having three steps and an inter-
mediate wheel which is moved on to the step having a diameter to give 
the desired speed. To change the speed the intermediate wheel must 
move 'vertically, and due to the length of the three-speed pulley, the 
driving surfaçe on the turntable must be fairly wide. This, however, is 
no disadvantage; in fact by increasing the weight of the turntable it 
helps to reduce flutter and wow. 

Electric Motors 

Although a few single-record players are fitted with spring motors, 
the majority of gramophone units are driven by electric motors. The 
electric motor for use on A.C. mains supplies is usually of the shaded. 
pole induction type, while for D.C. mains and low voltages a series-
-vound commutator motor is used. 

Induction Motors 

The induction motor is not synchronous, but its speed is governed to 
a certain extent by the frequency of the A.C. mains supply, the final 
rotor speed being dependent on the frequency of the mains supply 
together with a regular applied load, maintaining a constant electrical 
slip of the rotor. The motor is rated to run with a slight eléctrical 
overload, so that, for the torque required to play a record, the rotor 
slip is substantially constant. 

Induction motors for gramophone purposes usually have two or four 
poles, the two-pole type having a rotor speed under load of approxi-
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mately 2,640 r.p.m. and a four-pole motor 1,320 r.p.m. Both types are 
used for gramophone work, the four-pole type being more usual, as its 
slower speed permits of a large-diameter motor pulley. 

Fig. 5 shows a sectional view of a typical shaded-pole induction 
motor used for gramophones. This motor is of the four-pole type, but 
only two coils are used, these being placed on diametrically opposite 
poles, arranged so that the polarity of the poles on which they are fitted 
is the same, both South or North as the case may be, opposite polarity 
being induced in the two intermediate poles. The shading rings ,are of 
heavy gauge copper which produces the lag in the magnetic flux in the 
snaded portion of the pole necessary for inducing a starting torque in 
the rotor 
The assembly of the rotor laminations and copper bars is given a 

twist of about 30° ii order to give an even starting torque, and reduce 
motor hum. As the motor is designed to run in a slightly overloaded 
condition, its temperature rise is higher than is usual with small electric 
motors, a rise of 60° C. not being considered exceptional, and this is 
provided for in the design. Fan blades are fitted to each end of the 
rotor to pass a current of air through the motor, and porous phosphor. 
bronze rotor-shaft bearings impregnated with a special high-temper-
ature lubricating oil are fitted. These bearings are of the spherical, 
self-aligning type, and are machined to very close tolerances to prevent 
rattle. To avoid flutter, the rotor is very accurately balanced, arui lead 
slugs are pressed into holes in the fan blades to dynamically balance the 
rotor. 
The running torque of a typical induction motor, as described, is 

approximately 2 oz.- in. at 1,250 r.p.m., the starting torque 3.5 oz.-in., 
power factor 0.62 and the consumption 16 watts. 

Motors aro manufactured having single- or dual-voltage ranges. 
The dual range covers 100-130, and 200-250 volts, the coils being con-
nected in parallel for the low range, and in series for the high range. 

78 R.P.M. STEP 

TURNTABLE RIM 

RUBBER TYR ED 

INTERMEDIATE WHEEL 

3 STEPPED MOTOR PULLEY 

33%3 R.P. M. STEP 

45 R.P M. STEP 

FIG. 4.—THREE-SPEED DRIVE USTNG STEPPED MOTOR PULLEY. 
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FIG. 5 (above).—SECTIONA L VIEW OF 
OF A TYPICAL INDUCTION MOTOR 

, USED ON GRAMOPHONE UNITS. 

FIG. 8 (right).—SECTIONAL VIEW or 
A UNIVERSAL MOTOR FOR USE WITH 

GRAMOPHONE UNITS. 

Serles-woand Motors 

Series-wound motors are used for D.C. mains and low-voltage 
supplies; -nd can also be made for A.C./D.C.. operation; in which case 
they are commonly known as universal motors. Fig. 6 shows a section 
of a typical, series-wound universal motor. It has two field coils—on 
some types a permanent-magnet field is used—and the armature usually 
has twelve poles, the coils being double-wound connected to a twenty-
four-segment commutator. In order to reduce mechanical brush noise 
to a minimum, the mica commutator segments are not undercut. To 
reduce sparking and noise, the brushes are of a special grade of carbon, 
a harder grade of brush being used for low-voltage supplies than 
for mains-voltage supplies. A pair of radio-interference-suppressor 
capacitors are connected across the brushes, and centre-tapped through 
another capacitor of 5,000-volts test to the motor frame, which should, 
of course, be earthed. These capacitors are usually mounted together 
in one housing. Television-interference-suppressor chokes may also be 
connected in series with each brush lead. The speed of these motors is 
usually controlled by a flat, type of centrifugal governor which is pre-
set on installation to give the correct turntable speed. 

If the motor has field coils, it can be run on A.C. or D.C., a tapped 
resistance being connected in series with the mains supply to give 
approximately the same motor torque for varying voltages and fre-
quencies. With motors having a permanent-magnet field, a tapped 
mains resistor is used for D.C. mains supplies, together with a metal 
rectifier for A.C. supplies so that the motor is always running on D.C. 
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For low-voltage D.C. supplies, such as 6 or 12 volts, the motor is 
specially wound, no resistor being required. 

Transcription Motors 

For professional purposes, a heavier type of gramophone motor is 
generally used, the principles of drive being similar to those already 
described. All bearings, spindles and the turntable are of heavier con-
struction, designed to give continuous service such as may be required in 
broadcasting studios. These are generally referred to as transcription 
motors. 

Speed Adjustment 

A simple method of obtaining speed adjustment on gramophone units 
having induction motors makes use of an eddy-current brake. This 
applies an even load to the motor in order to reduce its speed. An 
aluminium disc is attached to the rotor shaft, the disc passing between 
the poles of a permanent magnet. 

This magnet is pivoted in such a way that it can be swung across the 
disc, exerting a greater pull as it moved inward. The speed of the turn-
table is originally fixed by the size of the motor pulley with the magnet 
in its mid-position, so that the speed is increased due to the reduction 
in load as the magnet is moved away from the disc, and reduced due to 
increased load as the magnet is moved over the disc. The magnet is 
moved by a speed-control knob on the motor plate, the speed variation 
obtained being about 2+ per cent fast or slow. 
Most gramophone units provide no adjustment for speed, the diameter 

of the pulleys being such that the turntable . is driven at the desired 
speed. 

Automatic Trips 

Most single-record players and all record changers have an auto-
matic trip mechanism designed to operate as the pick-up runs into the 
run-out groove at the end of a record. In the case of single-record 
players, the trip operates a switch which stops the motor. In some 
cases it also causes a brake to be applied to the turntable. On record 
changers the trip releases the operating cam to commence the changing 
cycle. 
The mechanism for an automatic trip usually falls into one of two 

categories, viz., ti- velocity type or the ratchet type. The velocity 
principle is almost exclusively used on modern three-speed units, and it 
operates as follows: as the pick-up advances towards the centre of the 
record it moves at a slow, even speed and the trip does not operate, but 
when it runs into the record run-out groove, the speed of the pick -up 
arm is accelerated and the trip operates. 

Single-speed units playing only 78-r.p.m. records often use the 
ratchet type of trip mechanism; this is operated by the reversal of be 
inward movement of the pick-up as it runs into the eccentric run eut 
groove of the record. A lever attached to the pick-up arm carries a 
very light pawl which moves along a ratchet connected to the switch or 
change mechanism, the pawl riding over the ratchet teeth as the pick-
up moves inward, but engaging with a tooth and moving the ratchet, 
which trips the mechanism, as the pick-up-arm movement reverses. 
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ADJUSTING SCREW CONTAINING 

TURNTABLE SPINDLE FELT FRICTION PAD. 
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FELT PAD 

STRIKER 
FIG. 7.—VELOOITY TYPE OF AUTOMATIC TRIP. 

Since there is no eccentric groove on the 45-r.p.m. microgroove 
records, any unit intended for playing these records should have some 
form of velocity trip. 

Velocity Trips 
Fig. 7 illustrates the principle of the velocity trip mechanism. A 

quadrant is moved by the pick-up arm; this carries the trip lever, which 
is moved with it by the friction of a felt pad on the polished face of thé 
quadrant. When the pick-up nears the centre of a record, the quadrant 
commences to move with it, transmitting its inward movement to the 
trip lever. As the end of the trip lever moves towards the turntable 
spindle, a felt pad, located in the end, contacts a projection—usually 
referred to as a striker—on the revolving turntable spindle. Each 
revolution of the striker pushes away the trip lever as it slowly moves 
inward; but when the movement of the trip lever is accelerated by the 
pick-up reaching the r in-out groove, the trip lever moves inward too 
far to be pushed back by the striker, and the striker then either lifts the 
trip lever or moves a lever attached to it to trip the mechanism. This 
type of auto-trip can be made very sensitive in operation, accelerated 
movement of the pick-up through in. being sufficient to operate it. 
It should be noted that the felt friction pad on the quadrant face should 
not be lubricated, since the oil is liable to become gummy and also 
collects dust; this may increase the friction to such an extent that, the 
action of the striker pushing the trip lever will be transmitted to the 
pick-up and become audible in the reproduction. 

Operation of Single-record Players 
To operate any three-speed single-record player, first set the speed-

change knob to indicate the speed required for the record to be played, 
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FIG. 8.—SLOPINGI TYPE OF STEPPED RECORD SPINDLE, 
SHOWN HORIZONTALLY. 

either 34, 45 or 78 r.p.m. Next place a record on the turntable and 
see that the correct stylus is in position for the type of record to be 
played, one having a point radius of 0-0025 in., usually coloured green, 
for standard 78-r.p.m. records, and one having 0.001 in. radius point, 
coloured red, for microgroove records. For stereo records, radius points 
of about 0-0005 — 0-00075 in. are used. 

All standard 78-r.p.m. and microgroove 34 -r.p.m. records are made 
with the standard 0-286 ± 0-002-in.-diameter centre hole, but the 
7-in. 45-r.p.m. records have a centre hole which is 1.504 ± 0-002 in. 
in diameter To play these records, adaptors to fit over the small centre 
spindle are obtainable. Also there are several types of clip-in adaptors, 
one of which is fitted into the large hole of each record. The 7-in., 
45-r.p.m. records are now being made with optional centres. They 
normally have the standard small-centré hole, but if desired the centre. 
can be pushed out to give the large-diameter hole. 

Automatic Record Changers 

The motor turntable drive and auto-trip mechanism used on auto-
matic record changers is similar to those fitted to single-record players 
and already described. 
Many methods have been used in the past to place records for playing 

one at a time on to the turntable of record changers. The method now 
generally adopted is to place a stack of up to eight or ten records over 
the top of a long, stationary centre spindle which has a step on which 
the records rest. They are released one at a time for playing, the 
records resting on top of each other on the turntable. 

There are two general classes of record-dropping arrangements: 
the first plays batches of records of one size only, either 7, 10 or 12 in.; 
the other plays batches of records of mixed sizes, the mechanism auto-
matically measuring the size of the record to be played and setting the 
dropping position of the pick-up accordingly. 

i Great care is required n making record spindles to see that all angles 
and gap dimensions are correct, and that the edges of the step and 
pushing pawl are free of sharp edges which could cause damage to the 
record hole. 

9.—GARR4Rp MODEL 
R.C.11u THREE- SPEED 
RECORD CHANGER. 
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FIG. 10.—RECORD PLATFORM FOR PLAYING MIXED SIZES OF RECOÉDS* 

Fig. 8 shows one type of record spindle. This is used in conjunction 
with a platform which pushes the records off the step. The distance 
between the face of the step on which the records rest and the under-
side face of the inverted step is such that only one record can pass at a 
time. The spindle is inclined toward a platform on which the edge of 
the records rest. This platform has a pawl or stud which at the correct 
moment engages with the edge of the lowest record and pushes it, causing 
the record to drop off the stop; as the record falls, the elope of the 
spindle causes it to pull away from the platform and drop flat on to the 
turntable. When using a simple platform with this type of spindle, the 
platform position must be pre-set for the size of record to be played. 
Mixed sizes of records can, however, be handled with this type of 
spindle by using the special form of platform described below. The 
stack of records is held at the correct angle on the sloping record spindle 
by méans of an overarm. This overarm is required to hold the records 
in position while the platform moves away to select the record size: 
Fig. 10 shows the mechanism in the platform. To drop a record, the 
phtforrn first moves inward beneath the records to a position deter-
mined by the smallest-diameter record. Having reached its innermost 
position, the platform rises to touch the records; if a record is present 
of the appropriate size, the latch on the platform is not depressed, thus 
allowing its lower end to engage with a stop. The platform then re-
mains in this position, allowing its operating lever to select the corre-
sponding track on the cam to push the platform forward to release the 
record. If, however, the platform when rising encounters a record of a 
larger diameter, the latch is depressed, and its lower end then fails to 
eng Age with the stop. In this case the platform falls back to the edge 
of the record, and the latch then rises, allowing another cam track to be 
selected to move the platform forward. 

Fig. 11 shows what is probably the simplest form of centre-spindle 
record-dropping. The stepped spindle is slotted; housed within this 

°  
Fie 11.—CENTRE -DROPPING TYPE OF RECORD SPINDLE SHOWN 

HORIZONTALLY. 
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12.—PLESSEY TYP1 
D TFIREE-SPEED RECORD 

CHANGER. 

slot is a pivoted lever so placed that the top end of the lever pushes the 
lowest record off the step as the lever is operated from the lower end. 
A loose latch allows easy unloading of the records without removing the 
spindle, the latch rising and moving inward to line up with the record 
spindle as the records are lifted. A simple type of overarm rests on the 
top record to hold the records level on the spindle. 
The pushing lever is usually spring loaded in a vertical direction. 

After it has pushed the lower record off the step it will be depressed to 
the level of the step when the weight of the remaining records falls upon 
it. This prevents any damage to the hole of the lowest record being 
caused by the weight of the stack of records above it having to be sup-
ported only on the small area of the top of the lever. With the spring-
loaded lever, the weight is thus distributed over a greater area. 

There are many forms of the centre-dropping type of record spindle 
similar to that described, the principal differences being in the method of 
pushing the records gff the step. Instead of a lever, as described, a 
small rotating cam iA sometimes used; and many rather more com-
plicated forms of the simple lever described are also found. 
A special record spindle for playing 45-r.p.m. records having a 1}- in.-

diameter centre hole is made by several manufacturers to fit their 
own reçord changers. The spindle is l in. in diameter, and the 
mechanism to move the record-dropping blades is contained within it. 
This spindle fits over the existing record spindlo and is operated by the 
pushing pawl. 
The records when placed on the spindle rest on two projecting lugs. 

In operation, two thin blades move outward between the two lowest 
records. The two lugs move inward, allowing the lowest record to 
drop, leaving the remainder , supported by the blades. The two lugs 
then move outward as the blades move inward, causing the records to 
be lowered on to the lugs ready for the next operation. The records 
are readily removed by lifting them upward, the lugs being spring loaded 
and chamfered on the underside to allow them to move into the spindle 
as records are moved past them. 
One record spindle of this type has a projecting shaft which fits into 

the turntable spindle in place of the small-diameter sloping type. The 
shaft is rotated by mechanism underneath the changer to operate the 

record-dropping blades. 
Using the centre-dropping type of record spindle, it is only necessary 
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to select the pick-up dropping position. The actual record dropping, 
operated from the centre hole, is independent of record diameter. On 
some record changers the pick-up dropping position is set manually, 
and on others it is done automatically, the record changer then operating 
as a " mixer ". Automatic selection of the pick-up dropping position 
is usually achieved by means of a projecting selector lever, which is 

moved by the record as it drops. 
If the selector lever is not touched by a record, the pick-up auto-

matically lands in the 7-in. position; a IO-in, record, in falling, moves 
the selector lever a .small iimount, which causes a lever to interrupt the 
pick-up arm in the 10-in, position as it swings inward. Similarly, a 
12-in. iecord moves the selector lever a greater distance, thus causing 
the pick-up arm to lower in the 12-in. position. 

FIG. I 3.—GARRARD MODEL 
R.C.90 THREE-SPEED RECORD 

CHANGER. 

Another incthod of selecting the record size is by means of a swinging 
arm. This arm swings inward and is stopped by the edge of the lowest 
record on the record spindle. This action moves a lever which halts the 
inward movement of the pick-up arm at the selected place. 

Record-changing Cycle 

The complete record-changing cyle is usually controlled by the rotation 
of a cam which makes one revolution for each changing cycle and which 
is disconnected from its driving pinion during the playing of a record. 
The cam is driven by means of a pinion on the turntable spindle driving 

a gear which is integral with it. Several consecutive teeth are out from 
the gear, thus providing a gap in which the turntable pinion rune when a 
record is being played. Upon the operation of the auto-trip, the cam 
gear is given an impulse which causes the teeth on the gear to engage 
with the pinion teeth. The cam rotates until the pinion again reaches 
the gap, when the cam stops, leaving the pinion revolving in the gap. 
To avoid the possibility of. the teeth jamming as the gear is moved 

into engagement, the first few teeth after the gap are on a separate 
spring-loaded segment (see Fig'. 1-‘). 
By using a number of cam tracks, the many levers that operate the 

motions required on a record changer can be moved in their correct 
sequence. The cam is geared to complete one revolution—corre-
sponding to one complete changing cycle—in approximately 4-8 
seconds. The lever which impulses the cam to start it in motion is 
spring loaded, the spring being reset by the cam during its cycle. The 
auto-trip also releases a catch which holds the impulse lever in the 
loaded position. 
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Fm. 14.—CAM GEAR AND DRIVE. 

CAM GEAR 

When the changer has played the last record it must stop auto-
matically after the pick-up has returned to its rest. This is operated 
either by the dropping of the record overarm after the last record has 
dropped; by the uninterrupted inward movement of a swinging ariii; 
or by the rising of the record spindle as the weight of the last record is 
removed. The usual method of operation is by means of the cam 
tripping the switch lever during each cycle; normally the record in 
position on the spindle holds the switéh in the " on " position. How-
ever, when the last record has dropped, the retaining catch is moved 
by one of the methods already described, allowing the switch to break 
contact during the next rotation of the cam. 
• The rotation of the cam also controls the movement of the pick-up 
inn, which must move smoothly and descend gently on to the record 
with minimum impact between stylus and record. When a record has 
dropped, the pick-up arm lifts from its rest and moves inwards to a 
position ready to lower on to the commencement of the record: the 
correct radius is 31 in. for 7-in., 4* in. for 10-in., and 5* in. for 12- in. 
records. The pick-up should descend at a steady rate; and when the 
pick-up stylus lauds on to the recoM, the mechanism controlling the 
movement of the pick-up arm muet immediately disengage, leaving 
the pick-up arm free while a record is being played. 
The pick-up arm movement is generally operated by a friction disc 

which drops out of contact with the pick-up arm immediately the pick-
up lands on a record. The pick-up arm pivots must be free, but the 
vertical pivot for the horizontal movement of the pick-up'arm must be 
very lightly damped, so as to prevent the stylus skidding inward as it 
lands on microgroove records. The damping can be applied mechanic-
ally by means of a very light spring, or alternatively a special lubricant 
having a high viscosity can be used in the pivot bearing. 

Operation of Record Changers 

Present-day record changers are designed to play automatically 
records conforming - to British Standard 1928: 1953 Lateral-cut 
Gramophone Records- and Direct Recordings ". A number of records 
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which do not conform to this standard are still being made and sold, 
and difficulty may be experienced with sych pressings. These are pre-
1933 recordings, having no run-in groove on the outer edge and some-
times no run-out groove; or, where a run-out groove is provided, the 
diameter may be such that it will not operate the auto-trip. 
To obtain the best results from records, the surface should be pre-

served by keeping them as dust-free as possible, and it is recommended 
that microgroove records be cleaned with a clean, soft, damp cloth. 
The turntable surface must also be kept perfectly clean. Avoid touch-
ing•the music lines, keep records away from heat, and store in container 
when not required for playing. Do not play chipped or cracked records, 
as they will damage the stylus point. Badly warped records will also 
give trouble in dropping and playing, and should not be used. Do not 
leave records on the turntable when the changer is not in use. 

Maintenance and Servicing. 

On record changers using a stationary record spindle, the turntable 
must revolve around it. This precludes the use of the single-ball 
thrust as used on single-record players. The single-ball thrust is quiet 
and rumble free; but the turntable thrust bearing of record changers is 
usually a race containing a number of steel balls which, unless secial 
precautions are taken in manufacture, can be a source of noise, rumble 
and flutter. This ball race is situated either immediately under the 
turntable boss or at the lower end of the turntable spindle, and usually 
rests on a felt or plastic buffer washer. The two steel washers between 
which the steel balls run should be hardened, ground and lapped to a 
high degree of finish, and first-grade steel balls should be used. 

If rumble is troublesome, first of all examine the turntable thrust 
race, since dirt in the race, indented washers, due to the turntable 
receiving a blow, or a hardened felt or plastic buffer washer may be the 
cause of the rumble. The race should be cleaned out and, if necessary, 
the washers and balls replaced. 
Rumble, and often hum and flutter, may be caused by perished 

motor-mounting rubbers; these•are rubber grommets or bushes in the 
unit plate. The resilience of the rubber is important in preventing 
unavoidable vibrations of thé motor from reaching the pick-up via 

eb 

FIG. 15.—COLLARO MODEL 
3RC 531 AUTOMATIC, 
THREE- SPEED RECORD 

CHANGER. 
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FIG. 113.—G AIIMONT-KALEE 
WOW AND FLUTTER. METER. 

the unit plate. The rubbers 
should be replaced, if neces-
sary, by new ones obtained 
from the manufacturer. 

Wow 

For gramophone purposes, 
" wow' can be briefly de-
scribed as a variation in speed. 
Speed variations below 20 cis 
being known as " wow ", 
above this figure as " flutter ". 
On high-quality gramo-

phone motors a figure of 0.2 
per cent wow and 0-04 per cent 
flutter at 33¡ r.p.m. is con-
sidered very good, 0•5 per cent 
wow being just about detectable by a keen ear. Special meters have 
been designed to measure wow and flutter. Fig. 16 shows such an instru-
ment. A constant-frequency record of 3.000 cis is played on the 
gramophone motor to be measured. The output from the pick-up 
is fed into the instrument, where it is compared with a crystal-en-
trolled frequency of 3,000 c Is generated in the instrument. Variations 
between the two frequencies are measured, and indicated as percentages 
of wow and flutter. 
Wow is more noticeable on 33¡ - alid 45-r.p.m. records due to the 

slower speed reducing the momentum of the turntable. Turntable 
momentum is very important in maintaining steady running, and for 
this reason some manufacturers increase the weight of their turntables 
by loading with a metal disc or ring. 
• There are many causes of wow: if it is heard on a record changer the 
first thing to suspect is record slip. This can be checked by playing the 
record on which wow is suspected directly on the turntable. If it is 
then free from wow the trouble is most likely caused by the record 
slipping through bad contact with the one beneath it. To prevent slip 
the recordé should be reasonably flat and the hole free from burrs. 
Highly polished new records sometimes slip, and in this case a useful 
tip is to stick u transparent stiunp hinge on the labels, thus giving 
sufficient key to drive the record. Incorrect stylus pressure will also 
cause slip, particularly on 7-in., 45-r.p.m. records, and thus should 
be checked: 8-10 gm. is the pressure recommended. by most 
manufacturers. 

Dirt in the turntable spindle, intermediate wheel and pulley bearings, 
and also slip in the rubber drive may all cause wow. The rubber tyre 
on the intermediate wheel must be kept absolutely free of oil to prevent 
slip. Slip can also occur if, in time, the motor pulley becomes highly 
polished with use, in which case a new pulley should be fitted. The 
concentricity of the intermediate wheel is important, as it sometimes 
wears unevenly. If the wow is very erratic, and does not occur regularly, 
slip in the drive should be suspected. 

y y 

35—ii 
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Flutter 

Flutter usually originates in the motor driving the turntable, and is 
often used by an untrue motor pulley or an unbalanced rotor. « The 
moto pulley should be true within 0-0005 in., and any eccentricity 
outside this limit will cause audible flutter. T' •:• rotor should be 
accurately balanced dynamically, and its shaft must be true. 
A mechanical vibration of the motor is produced by the frequency of 

the mains supply, the vibration being twice that of the mains frequency: 
this vibration can sometimes reach the pick-up via the motor mounting 
or the drive. As already mentioned, the resilience of the motor mount-
ing is very critical: if it is too hard the motor vibration will be trans-
mitted to the unit plate; and if too soft the motor may vibrate ex-
cessively, and transmit this vibration to the pick-up by way of the 
intermediate wheel and turntable. Magnetic pick-ups, especially low-
impedance, low-output types, are particularly prone to pick-up hum 
induced by the magnetic field of the motor, which should be placed as 
far as possible away from the pick-up in order to minimize this trouble. 

Stylus Pressure 

The stylus pressure on the record is important: if too light, the stylus 
will not track heavily modulated grooves; and if too heavy, excessive 
record and stylus wear will occur. 
For monophonic three-speed units the stylus pressure usually recom-

mended is 8-10 gm. Pick-up arm counterbalance adjustment is 
provided on most units to facilitate this setting. It is recommended 
that the stylus pressure be checked on installation and that periodic 
checks be made as the tension of the pick-up-arm counterbalance spring 
may alter slightly with use. A stylus pressure gauge is shown in use in 
Fig. 17. For stereo pick-ups, requiring stylus pressures of the order of 
3-5 gm, maker's instructions should be consulted. 

If difficulty is found in setting the correct stylus pressure, it may be 
due to excessive friction in the cross-pivot, which should be examined: 
clean and lubricate, if necessary. 

Should the stylus occasionally jump a groove, first check the stylus 
point to see that it is not excessively worn or broken. If found to be in 
order, see that the screened lead from the pick-up arm is not strained or 
twisted in such a way that it can bias the free movement of the pick-up 
arm. This lead should not be disconnected from the tag strip but left 
as supplied by the manufacturers. 

Resonances of Pick-up Arms 

Pick-up arms are designed so that their natural resonance is as far 
as possible outside the recorded range, and for this reason great atten-
tion is given to their shape, rigidity, mass and cross-section. 

Earlier types of pick-up arms•had resonances up to 100 c /8 to help 
boost the low-frequency response of the pick-up, but with the latest 
type of pick-up the arm resonance should be as low as possible, reson-
ances in the region of 20-30 cis being desirable. The pivots must also 
be extremely free, but not loose enough to produce arm vibration, 
which can cause the stylus to leave the record groove. 
To reduce unwanted vibrations, the pivots can be damped with a 

lubricant of high viscosity. The off-set angle of the arm is designed to 
give a minimum tracking error. On a typical pick-up arm for use on 
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Fie. 17.—CHECKING STYLUS PRESSURE. 

units having a distance of 7} in. between the centre of the turntable 
and the pick-up arm pivot, the offset angle is 26° the stylus point being 

in. in front of the turntable centre; this gives a rnaximum tracking 
error of approximately 2à. degrees. 
To play the two types of record groove, a pick-up with reversible 

styli or two separate heads is used. If the former is preferred the pick-
up can be housed in a one-piece arm, the pick"-up then being integral 
with the arm. 
When two separate pick-ups are used, they must be detachable from 

the arm by means of a plug-in or clip-on arrangement. 
A spring is generally used to counterbalance the weight of the pick-

up arm, and this is provided with means of adjustment to set the stylus 
pressure correctly. A spring counterbalance is normally preferable to 
a weight which, unless very carefully designed, may cause bad tracking 
on warped records. 

Turntables 

Turntables should run true within 0.020 in. measured by means of a 
flat disc played on the covering. If made of steel or some other 
magnetic material, the turntable should be free from holes or ribs which 
may produce magnetic variations which become audible when passing 
under some types of low-output magnetic pick-ups. On transcription 
motors, heavy cast turntables are generally used, having a large. 
section outer edge to increase the weight, these being made in a non-
magnetic material, usually aluminium. 

Radio-gramophones should, on installation, be checked by placing a 
spirit level on a record on the t urntable to see that the turntable is 
level. The unit is levelled, if necessary, by adjusting its spring suspen-
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UNIT PLATE 
UNIT PLATE 

(a) CABINET MOTOR BOARO (b) 

FIG. 18.—SUSPENSION SPRINGS: (a) TENSION TYPE; (b) COMPRESSION 
TYPE. 

sions. Gramophone units are suspended in the cabinet on springs Lo 
prevent acoustic feed-back building up between the loudspeaker and 
pick-up. This occurs mainly in radio-gramophones with the loud-
speaker in the same cabinet as the unit, and its presence is indicated by a 
characteristic howl from the loudspeaker when the pick-up is placed on 
a record. The spring suspension, by mechanically isolating the unit 
from the cabinet, also helps to prevent external vibrations from reach-
ing the pick-up, which can, on the slightest vibration, jump the grooves 
and possibly skid across the record. This is particularly serious when 
playing microgroove records. 
The unit should float freely on its suspension springs, and the edges of 

the unit plate should be well clear of the cabinet sides. • Both the mains 
and pick-up lead connecting the unit with the chassis must be loose and 
not strained tight. 

There are two types of spring suspension in general use on gramo-
phone units; one (Fig. 18 (a)) uses conical springs in tension; the other 
(Fig. 18 (b)) has compression springs. To level the unit some types can 
be adjusted by means of their fixing nuts. 

In order to prevent undue movement of the unit during transit, it 
should be rigidly clamped to the cabinet motor board, special screws 
being generally provided for this purpose. Care should be taken on 
installation to see that these screws are removed. 

Single-core, screened pick-up lead terminating on a tag strip is 
usually fitted on record changers. The reason for this is that as the 
pick-up lead can bias the free movement of the pick-up arm, it must be 
as light and flexible as possible. It must be anchored so that it cannot 
be strained. Twin-screened pick-up lead is supplied on units intended 
for use on D.C. supplies or on A.C. /D.C. chassis. 
Some record changers are now fitted with a pick-up muting switch 

which short-circuits the pick-up during the changing cycle in order to 
prevent extraneous noises in the reproducer when the pick-up is not 
playing a record. 

Switch surge suppressors can also be incorporated to suppress the 
" plop" in the loudspeaker as the switch breaks contact. These 
suppressors consist of a 220-ohm. I-watt resistor in series with an 
0-01-e capacitor ( 3,000-volt D.C. test) connected across the switch 
contacts. 

E. W. M. 
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36. BATTERIES AND CONVERSION EQUIPMENT 

PRIMARY CELLS 

In both the primary cell, and the storage cell or accumulator, the 
electrical energy is derived from chemical energy which is liberated 
when the external circuit is closed. But in one case—the primal' cell 
—the process .of energy conversion involves the dissolution and loss of 
weight of one of the electrodes forming the cell causing the ultimate 
exhaustion oi the cell. 

In the other case—the storage cell—the process of energy conversion 
involves only a change of chemical state of the plates and electrolyte, 
and when exhausted the cell is restored to its active condition by con-
verting the plates again to their original state. This reconditioning or 
recharging process is effected electrochemically by passing a reverse 
current through the cell for a definite period. 
The elements of a primary cell usually comprise two conducting plates, 

or electrodes, of dissimilar metals; an electrolyte, or conducting liquid, 
which can combine chemically with the metal of one of the plates; 
and a depolarizer. 
In" wet " cells the inert electrodes (usually carbon or copper), together 

with the depolarizer, is contained in a porous pot (or " sack " if the 
depolarizer is a solid) which stands in a jar containing the electrolyte, 
in which also dips the other plate (usually zinc). The depolarizer may 
be either a liquid or a solid. 

In " dry " cells the depolarizer is a solid, and is moulded as a stiff 
paste around. the inert plate (which is of carbon). This element is then 
placed inside a cylindrical zinc cup, and the intervening space is filled 
with a thin paste or jelly mixed with the electrolyte. The open end of 
the cylinder is sealed with compound. 

Why a Depolarizer is Necessary 

If a primary cell is made up without a depolarizer—viz., with zinc 
and copper plates and an electrolyte of dilute sulphuric acid (the 
chemical symbol for which is II,S0,)—the cell will quickly " polarize " 
when current is taken from it. Thus the current will rapidly drop from 
its initial value to a very much lower value, and when the circuit is 
opened the e.m.f. of the cell will be much lower than its original value, 
to which it will ultimately return after a prolonged period of rest. Fig. 1 
illustrates graphically the results of a test on such a cell.. 

The Cause 01 Polarization 

The polarization is due to the collection of a film of hydrogen bubbles 
on the surface of the copper plate. This thin film of hydrogen sets 
up an e.m.f. in opposition to the normal e.m.f. of the zinc—copper— 
sulphuric acid combination, and in consequence the available e.m.f. 
of the cell is reduced. 
The hydrogen bubbles accumulate on the surface of the copper plate 

36—s 
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TABLE 1.—DATA ON PRIMARY CELLS 

Same 
Cathode Anode Exciting 

Fluid 
Depolarizer E.m. f. 

Internal 
Resist-
once 

(ohms) 

Applications 

Leclanché. Zinc Carbon 
(Wet) 

Daniell . Zinc Copper 

Leclanché. , Zinc C.trbon 
(Dry) 

Bichromate Zinc Carbon 

Bunsen . Zinc Carbon 

Grove . Zbic Platinum 

Fuller Zinc Carbon 

Edison . Zinc 

Weston . Cad-
mium 

Copper 

Mercury 

Sal ammoniac Manganese 
dioxide 

Zinc sulphate Copper sul-
.phate 

Sal ammoniac Manganese 
dioxide and 
carbon 

Dil. sulphuric Potassium 
acid bichromate 

Dil. sulphuric Nitric acid 
acid 

DU. sulphuric Nitric acid 
acid 

till, sulphuric Potassium 
acid bichromate 

Caustic pota.,h 

Cadmium sul-
phate 

Copper 
oxide 

1.5 

1.1 

1.5 

2.0 

1.9 

1.9 

2.0 

1.0 

Mercurous 1.0183 
sulphate 

1-3 

2-6 

0.1-0.5 

0.6-1 

0.1-0.2 

0.1-0.2 

0.5-4 

0.2-0-9 

900 

bells, light 
signal work 
(long Per-
iods of rest) 

Rough stan-
dard 

Radio and 
flashlights 

Signal work 

U.S.A. tele-
phones. 
Large - cur-
rent ex-
perimental 
work 

Light, signal 
work, with 
long per-
iods of rest 

1.3.0.T. Stan-
dard 

produced by ionic action as a result of the conversion of chemical energy 
(due to the combination of the zinc and the sulphuric acid) into electrical 
energy, hydrogen being liberated in the process, and zinc passing into 

1-0 
Fro. 1.—RESIILTS OP 
POLARIZATION AND RE-
COVERY TEST OP ZINC-
COPPER - SuLratraic ... OIS 
ACID CELL WITHOUT 

DEPOLARIZER. 
%. 

It will be seen that R 
polarization is rapid whilst 
recovery is very slow. wiS 

o 

e 30 25 21 
a 40 35 • I 

Time _ minutes 

-4 -ecaseery Voltees 7  

Discharge ketage 

arrent 

lo 
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solution. The ionic action due to the current causes the hydrogen to 
be liberated at the copper electrode. 

Function of Depolarizer 

The function of the depolarizer is to prevent the deposition of 
hydrogen on the copper plate. If the depolarisation is complete no 
bubbles of hydrogen will appear on the copper plate, and therefore no 
back e.m.f. will be produced. The full normal e.m.f. of the cell will then 
always be available, and the current will remain constant when the cell 
is connected to a circuit of constant resistance. 
Such complete absence of polarization is obtained when certain liquid 

depolarizers (such as copper sulphate, nitric acid) are employed. 
But the use of these solutions, together with áulphuric acid, is 

objectionable and undesirable for the purposes for which primary cells 
are required at the present day, and in consequence modern primary 
cells have a solid depolarizer. 
The use of sulphuric acid as an electrolyte in a primary cell has the 

great disadvantage that the zinc undergoes attack from the acid when 
the cell is standing the external circuit is open and no current is 
required). This " open-circuit attack " of the zinc is called local action. 

Local action may be reduced by coating the surface of the zinc with a 
film of mercury. In the latter case the amalgam formed on the surface 
of the zinc has the same contact e.m.f. with the acid at all points, and in 
consequence local action, is minimized. 

r BATTERIES 

A dry cell has been defined as a primary cell in which the electrolyte 
s present in the form of a firm paste, or is retained in some absorbent 
material so that it does not flow if the cell is inverted. A, number of 
cells fulfilling this definition have been put forward since the beginning 
of the century, but only two have been developed successfully on a 
commercial scale. By far the most important of these is the Leclanché 
type, and this is the cell normally understood by the term dry cell. 
It is due to the fact that the Leclanché-type cell is capable of being 
employed over a wide range of conditions that it has achieved its presetit 
popularity. During the past decade, however, another type of dry cell 
using mercuric oxide as a depolarizer has been delieloped commercially. 
This type, known as the Mallory (or mercury) cell, has special character-
istics of its own, and for certain particular applications has undoubted 
advantages. Because of its relatively high cost and somewhat limited 
range of applications, in general it is likely to be complementary to the 
Leclanché dry cell rather than a replacement for it. 
As the characteristics, construction and uses of the two types differ 

considerably, they will be dealt with 'separately here. 

Leclanché-type Dry, Cells and Batteries 

Development of the Dry Cell 

In 18138 Georges Leclanché eroduced the cell which bears his name. 
It was quickly appreciated that it had a practical advantage not 
possessed by other cells; virtually no action took place until the external 
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circuit was closed, so it did not waste when not in use. Essentially it 
consisted of a zinc plate which was the negative pole, a solution of 
ammonium chloride as electrolyte, and a positive pole made by packing 
powdered manganeFe dioxide into a porous pot round a centrally-placed 
carbon rod. (As manganese dioxide by itself is a very poor electrical 
conductor, it was found necessary to admix carbon to render it con-
ducting.) Nevertheless, it was a wet cell, and because of the obvious 
disadvantages of a cell containing free liquid-, attempts were soon made 
to convert it into a dry cell. 
The first " dry " cell of the modern type made its appearance in 1888, 

and is generally attributed to the German scientist Dr. Gassner. An 
important feature of his cell was that the zinc element formed into a cup 
was used to contain all the other constituents of the cell. Another 
improvement credited to Dr. Gassner is the addition of zinc chloride to 
the electrolyte. This considerably reduces the local action, and is one 
of the factors contributing to a good storage life. 

Although not very efficient judged by present-day standards, it then 
became capable of commercial development, and soon dry cells were 
being produced by the Ever Ready Co. in England and other companies 
in Europe and America. 
The impact of the First World War caused a great expansion of the 

industry, to meet th c demand of the Armed Forces for batteries for 
torches, telephones and radio communication, etc. 
With the advent of broadcasting in 1922 further development took 

place, which continued steadily through the inter-war years. Tho 
efficiency of cells was increased considerably during the same period, 
and the layer-type battery was developed. 
• The Second World War stretched the industry to the limits of its 
capacity, although it was now largely mechanized. 
The " blackout " caused a demand without precedent for flashlight 

batteries. The requirements of the Services had, however, changed 
markedly since the First World War. Smaller, lighter and more 
efficient batteries for telecommunication purposes had become absolutely 
essential. To meet this pressing need the Ever. Ready Co. began, in 
1941, to produce on a large scale the Batrymax* or layer-type batteries. 
Since 1945 this type of battery has become generally available, and is 
new widely used in personal and portable receivers, hearing aids and 
other electronic equipment. 

Construction 

At the present time there are two standard methods of dry cell (and 
battery) construction They are: ( 1) the conventional round-cell 
construction, and (2) layer-type construction: 

These are best illustrated by means of the sectional diagrams which 
are shown in Figs. 2 and 3. 

Round-cell Batteries 

These have the older conventional construction, and even today the 
preponderance of Leclanché-type dry batteries are still made in this 
way. In conditions where (a) a low voltage is required, (b) the discharge 

• The word " Batrymax " is a registered trade name of The Ever Ready Co. 
(G.B.) Ltd., and is used in this article by permission of that Company.' 
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FIG. 2.— UN1T CELL (ROUND-CELL 
CONSTRUCTION ). 

1, Brass cap. 2, Insulating washer. 
3, Metal seal. 4. Carbon positive elec-
trode. This functions as a conductor, 
remaining unaltered by the reactions 
within the cell. 5, Cardwasher. 8, Dc-
polariser. This contains manganese di-
oxide to act as the depolarizing agent, and 
carbon for conductivity. 7, Electrolyte. 

6   The principle constituents are ammonium 
chloride, zinc chloride, starch and wheat 
flour, forming a paste which sets on heat-

7  ing to a stiff jelly. 8, Paper tube. 9, 
Star-type insulating washer separating 
the depolarlzur from the negative elec-

e trode. 10, Negative electrode of ex-
truded zinc When the cell is discharged, 
part of this is consumed to produce elec-
trical energy, thereby becoming the 
negative pole. 

10 

rate tends to be heavy (say 30-300 mA per .cell), and (c) the period of 
use per day is somewhat long (4-8 hours), this method still has ad-
vantages, partly on account of the lower internal resistance, and con-
sequently batteries of this kind are normally employed for radio and 
hearing-aid L.T. purposes. Moreover, the use of round cells in parallel 
(or series-parallel) for the L.T. unit gives a battery of low internal 
resistance and relatively high efficiency to a high endpoint voltage. 
In the case of H.T. batteries for radio and hearing-aids or the like, where 
the current taken is relatively small ( 15 mA down to about 0.5 mA), 
the round-cell batteries, whilst operating reasonably effectively, do not 
give the maximum efficiency for the space available, and it is for such 
requirements that the layer-type batteries were developed. 

Layer-type Batteries 

As their name implies, layer cells are flat, and they are normally 
rectangular or square in section. These cells are placed one on top 
of the other and then bound together in good electrical contact. The 
bound groups of cells are known as " stacks ". The stacks can be 
fitted into rectangular battery cartons with a minimum waste of space. 
This clearly represents a considerable advance on the use of cylindrical 
cells which, being assembled into the square compartments created by 
the essential intercell insulation, results in a considerable volume of 
unused space. As the latter is usually filled with some inert sealing 
material, such as bitumen, the weight is increased without any corre-
sponding improvement in performance. Moreover, the replacement of 
the carbon rod of the round cell by a thin carbon coating in the layer-
type cell, and the negligible air space needed by the latter, make it the 
more efficient at appropriate discharge rates in comparison with the 
round cell. 

Consequently for both technical and manufacturing reasons, this has 
resulted in much smaller and lighter H.T. batteries being produced 
for " personal " radio receivers, hearing-aids, etc. 

In addition, the storage or shelf-life properties of these batteries au., 
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FIG. 3.—HIGH-TENSION BATTERY 
(LAYER-TYPE CONSTRUCTION). 

1, Brass positive contact. This is in 
electrical contact with the duplex elec-
trode forming the positive pole of the 
battery. 2, Label. 3, Wax coating in-
sulating each cell to prevent electrical 
leakage. 4, Binding tape. 6, Plastic 
cell container. 6, Depolarizer containing 
manganese dioxide and carbon. 7, 
Electrolyte soaked card separating the 
depolarizer from the duplex electrode. 
8, Carbon-coated zinc electrode. The 
duplex electrode is a zinc plate covered 
with a layu of highly conducting club... 
8, Brass negative contact. This is in 
electrical contact with th, zio, plat, 
forming the negative pole of the battery. 

better than those made with the corresponding size of round cell. 
Consequently, for use overseas where wide variations in climatic 
oonditions are experienced, and shelf life is an important factor, layer. 
type H.T. batteries are being increasingly used. 
In connection with layer-type batteries the following points are of 

importance: 

(a) Layer-type batteries are in the main constructed with 
standard stacks which are made up of ten, fifteen or twenty cells 
bound together. Single-layer cells (or two- or three-cell stacks) 
are not commercially available ad yet. 

(b) Batteries of the layer typo were designed for use as radio and 
hearing-aid H.T. units, where the current consumption is relatively 
small. The advantages they possess in regard to service life will 
be largely, if not entirely, lost if they are called on to furnish 
excessive currents for fairly long periods. The suggested current 
range is indicated in the schedule below. Owing to the nature of 
its construction, the internal resistance of the layer cell is rather 
higher than that of the corresponding size of round cell, and in 
certain types of electronic apparatus (hearing aids, etc.) it is 
desirable that this should be taken into account. 

(c) Because of the advantages possessed by layer-type batteries, 
they are being, and will continue to be, increasingly used for H.T. 
purposes. Consequently, when new equipment is being designed, 
particularly if it is portable, layer-type batteries should be used 
wherever practicable to provide the H.T. supply. 

Physical Theory 
Voltage 
The initial open-circuit voltage or e.m.f. of the Leclanché cell is, in 

the main, determined by the respective positions of its elements (i.e., 
the zinc, and carbon/manganese dioxide electrodes) in the electro-
chemical series. It is, therefore, independent of cell size, and for 
practical purposes is always taken as l-5 volts. 
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The exact figure depeÊds on a number of factors, such as the nature 
and origin of the manganese dioxide, the type of carbon material used, 
the composition of the electrolyte paste, the age of the cell, etc. 
With reasonably fresh cells it usually ranges from 1-5 to 1.6 volts, 

but more generally the e.m.f. is fou.:d to be in the region of 1.53-1.56 
when measured with a high-resistance voltmeter. The open-circuit 
voltage of an unused cell provides no criterion oT its service-life per-
formance, i.e., a cell with an e.m.f. of 1.6 volts will not necessarily 
give a longer life than a similar cell measuring 1-5 volts. 

Providing the previous history of the cell or batte.y is known (and 
this is usually available to the maker), the e.m.f.,provides a useful guide 
to the condition of a battery which has undergone discharge. 

Internal Resistance 

The internalresistance (or I.R.) of a cell or battery depends principally 
on the size and construction of the cell and the method of measurement'. 
Usually it is calculated from a measurement of the e.m.f. and the short-
circuit current read instantaneously on a short-circuit ammeter (i.e.. 
one of which the total resistance including leads does not exceed 0.01 
ohm). It is given by the formula: 

E 
ry 

where r = internal resistance of the cell (ohms) ; 
E = e.m.f. (measured on a 1,000-ohms/volt voltmeter) (volts) ; 
I = short-circuit current (amperes). 

Another standard method of measurement is to take the e.m.f., using 
a high-re-istance voltmeter having little or no overawing, and then 
shunt the cell with a resistance of 1 ohm and take an instantaneous 
voltage reading. The internal resistance r is then calculated using 
the formula: 

E — E  
r — 1 x S 

— E  ;1E1 X 1 

where E = e.m.f. of cell; 
E, = instantaneous closed-circuit voltage; 
S = resistance of shunt (1 ohm). 

It will be evident that these methods determine the D.C. resistance or 
apparent internal resistance pf a cell, and in actual practice these are 
the only measurements made, although the shunt resistances may be 
varied from 1 ohm if necessary. The higher the resistance of the shunt 

the lower the current taken from the cell), the higher the value 
obtained for the internal resistance. 
The internal resistance of cells has been measured by A.C. methods, 

but the results obtained bear no relationship to those by the methods 
outlined above, and they are not normally used for practical purposr . 

Contrary to popular belief, the short-circuit current is not a measure 
of the electrical output which may be obtained from a cell. That is, 
the short-circuit current in amperes is not related to the ampere-hour 
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capacity of a cell, nor is any other, measurement of the internal 
moisten-ice of the cell. 
The internal resistance of a cell or battery, however, merits considera-

tion if: (a) the current drain is comparatively heavy, or (b) if the 
internal resistance is unusually high. To illustrate case (a) when a 
flashlight bulb, the filament of which consumes 300 mA at 3-0 volts, 
is connected to a small 3-volt torch battery having an internal resistance 
of 1 ohm, the instantaneous drop, on load due to the internal resistance 
is e -= /r or e -= 0-3 x 1. That is, quite apart from polarization, 
immediately the bulb lights, the battery voltage• will fall to 2-7. In 
case (b) if the current is less but the internal resistance is high, a similar 
instantaneous on-load voltage drop would be observed. 
In general, if the discharge rate is low in relation to the cell size the 

internal resistance is usually unimportant, but if the discharge rate is 
relatively heavy it may be of some consequence. 

Chemical Theory 
Whilst the reactions occurring during discharge in the Leclanché 

dry cell are very complex, the chemistry of the dry cell is essentially 
that of the dissolution of the zinc element by the electrolyte and the 
collection of the current by the carbon element which conducts it to 
the external circuit. 
A more detailed description of the principal chemical reactigns 

occurring when a dry cell is discharged is given below. In the 
Leclanché cell the actual reactions which occur when the cell is dis-
charged through an external circuit are very complicated. 

In simplified form the oyes all reaction is as follows: 

Zn 4- 2H Cl 2Mn02 = ZnCl, 2NH, Mite, -I- H20 

This overall' reaction consists of two fundamental chemical reactions 
viz.: 

(a) Zn + 2NH,C1 = ZnCI, 2N11, -F 
(6) 2Mn.02 ± 2H = Mr1,08 11,0 

These chemical reactions may be expressed ionically: 

At the anode (negative pole) 

(c) Zn 2C1- = ZnC12 + 2e 

At the cathode (positive.pele) 
(d) 2MnO, 2N114+ + 2e = Mns0, 2N11„ -F H20 

The ammonium and chloride ions are furnished by the .dissociation 
of the aqueous ammonium chloride electrolyte: 

(e) 2N114C1 = 2NH4+ 2C1-

For convenience, the reactions relating to the anode and cathode are 
considered separately below, although in a cell during discharge they 
are interdependent. 

Reactions Involving Anode (Negative Pole) 
The zinc goes into solution forming zinc chloride as indicated in 

equation (c). and ammonia is liberated simultaneously at the cathode as 
shown by equation (d). 
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The ammonia diffusing through the el:%otrolyte combines with the 
zinc chloride and p odnces the, transparent needle-shaped crystals seen 
in slightly discharged cells (and also in cells which have been stored 
unused for long periods). 

(f) Znel, 2NH, = ZnC12.2NH, (sometimes written, 
Zn(NH3)2C12). 

In completely exhausted cells the reactions go some stages further 
and give rise to opaque white deposits containing basic zinc chlorides 
such as Zn(OH)C1, etc. 
The ionic equation (c) also shows that the two electrons liberated 

when each zinc atom goes into solution leave the zinc element regatively 
charged. 
Both equations (a) and (c) show that theoretically in accordance with 

Faraday's laws 32.69 gm. of zinc produce electricity to the extent of 
96,500 coulombs. That is 1 gm. of zinc should produce (96,500 
32.69) x 1/3600 0.820 ampere-hours. 
In practice, this is very nearly, but not quite realized owing to local 

action. 

Reactions Involving Cathode (Positive Pole) 
The depolarizing action of the manganese dioxide is due to its oxidizing 

action, and as may be seen from equation (d) this results in the formation 
of water with the consequent reduction of the dioxide (MnO,) to 
manganic oxide (Mns0,). 
The precise mechanism of the reduction of the manganese dioxide 

is not fully understood. Some investigators have considered its action 
to be ionic, whilst others more recently have regarded it as a gas-solid 
phase reaction. From equation (d) it will be seen that on reaching the 
carbon-manganese. dioxide cathode , the ammonium ions acquire 
electrons from it, leaving the electrode positively charged. 
The way in which the current flows through the external circuit and 

the battery is readily seen from these reactions. 
On closing the circuit, electrons flow from the zino element through 

the connecting wire to the carbon rod. Inside the cell negatively 
charged ions carrying electrons move steadily through the electrolyte 
from the manganese dioxide-carbon cathode to the zinc element, whilst 
simultaneously positive ions migrate towards the carbon-manganese 
dioxide electrode. As electrons are negatively charged, this is precisely 
the same as a positive current flowing ih the reverse direction. Con-
ventionally, all electrical instruments show the direction of flow of 
positive electricity, and hence if a milliammetol is inserted in the 
external circuit, the current will be observed to flow from the carbon to 
the zinc element. 
The keeping properties of cells are frequently a matter of inteiest. 

These are also connected with the chemical and physical properties of 
the constituents. In the main, however, the problem becomes one of 
reducing the extent of attack on the zinc element, and ensuring as far as 
possible its even distribution. It has been found that the following are 
beneficial: 

(1) amalgamation of the zinc surface with mercury; 
(2) the use of zinc chloride in the electrolyte; 
(3) the employment of flour in the paste which acte as an inhibitor; 
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(4) avoidance of soluble deleterious impurities in the materials, 
as for example copper or copper compounds. 

The main reactions have been dealt with above, but there are a 
number of secondary reactions other than those described which can, 
and frequently do occur, depending on the conditions of discharge. 
Owing to their complexity, they fall outside the scope of this article. 

Performance and Use 

The amount of electricity which can be obtained from a dry cell 
depends on a number of factors, of which the more important are : 

(1) the physical size of the cell; 
(2) the method of construction and the skill of the manufacturer; 
(3) the rate at which the cell is discharged; 
(4) the period of time per day for which it is used; 
(5) the voltage endpoint to which it is required to operate; 
(6) the temperature; 
(7) the age of the cell. 

The bearing whieh some of these have on the service life of a battery 
is indicated in the following sections. 

Size 

The effect of the size on performance is best seen by means of the 
curve in Fig. 4, which shows the result when two hearing-aid-type 
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FIG. 4.—THE EFFECT u A BATTERY'S SIZE ON ITS PERFORMANCE. 
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batteries are discharged through a resistance of 25 ohms for 8 hours 
por day, five days per week, at 20° C. The D10 type is of in. diamete 
and 21 in. height, whilst the D29 type is of l in. diameter and 3 in. height 

Discharge Rate 

The bearing of the discharge rate on the life of a battery is illustrated 
by the discharge curve given in Fig. 5. 

Period of Use 

The effect of the time cycle ( i.e., period of use per day on a given 
number of days per week) is shown in Fig. 6. 

Voltage Endpoint 

The special importance of this factor can best be demonstrated by 
means of a discharge curve as shown in Fig. 7. 

Temperature 

Tho effect of temperature on performance varies so widely, depending 
on the other conditions of use (discharge rate, endpoint, etc.), that only 
very general statements are possible. Over the temperature range 
from + 20° to — 20° C., the service life falls with decreasing temper-
ature, and all standard Leclanché-type cells become for most practical 
purposes inactive in the reg.on of — 20° C. 
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It may be of interest to mention that the effect of temperature on 
the open-circuit voltage of unused cells has been determined, and over 
the rango of + 25° to — 20° C. has been found to be approximateler 
0.0004 volts/ce11/1° C. This figure, however, varies somewhat with the 
constitution of the cell. 
To obtain the best results batteries should be operated wherever 

possible at about 20° C. 

Age of Cells 

Hero also it is only possible to generalize as to the effects of storage 
on the service lives of cells. It is an empirical but well-established fact 
that the larger the size of cell, the better its storage properties. An 
indication of the storage effect is that after keeping a cell of approxi-
mately U2 size for six months from the time of manufacture at 
20° C., a loss in service life of only 5-10 per cent would be expected. 
This figure is, however, dependent on the conditions of use after 
storage. 

Storage at high temperature (e.g., 50° C.) has a much more marked 
effect on performance, and wherever possible steps should be taken to 
avoid storage (or use) at such temperatures. 

Choice I Battery 

The selection of the appropriate dry sell or battery for a particular 
purpose is usually a matter of compromise. Size, weight, performance 
and cost, etc., all enter into it, but usually one factor is predominant. 
There are, however, .cortain .general considerations which should be 

studied if the best results are to be obtained. These will now be 
considered under the main general purposes. 

H.T. Batteries 

Where portability or maximum performance in minimum space are 
of prime importance layer-type batteries have marked advantages. 
They have a good storage life, and give reliable service under exacting 
climatic conditions. 
The minimum voltage commercially obtainable with layer-type 

'batteries is 15. They were designed for radio ratee of discharge, e.g., 
from 0.1 to 20 mA according to battery size, and therefore are not used 
for radio L.T. or similar purposes, where the current drain may be in 
the region of 200-300 mA. 

L.T. Batteries 

If the current drains are rqlatively high ( 100-400 mA) and a long 
service life to a high endpoint voltage ( 1.0-1.2 volts for a 1.5-volt 
battery) is required, batteries containing medium-size round cells in 
parallel will give the best results. 
When portability is a prime consideration and the discharge rate is 

of the order of 20-60 mA for 1-8 hours/day to an endpoint of 1-0-1.2 
volta (for a 1.5-volt battery) another specially designed cell is needed. 
an example of which is the Ever Ready Hearing Aid L.T. Battery Series, 
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For intermittent use *and where very long storage-life is more im-
portant than maximum output to a high endpoint voltage, the larger 
dry cells have a unique place. 
For portability and a relatively high discharge rate (200-300 mA) as 

required for torches, " personal ' radios, etc., a further type of cell is 
required, and an example is the Ever Ready " Flashlight" series. 

Combined H.T.-L.T. Batteries 

For technical reasons connected with valve performance, and because 
of simplicity in handling, the combined battery was 
developed in this country for radio purposes. When separate H.T. 
and L.T. batteries are used, the common practice has been to employ a 
relatively small L.T. unit, so that two or three L.T. batteries are 
required to equal the life of the H.T. unit. 

Under-heating the valve filament is inevitably detrimental to its 
emissive properties but of far less consequence if the H.T. voltage is 
correspondingly reduced. With separate batteries, conditiond arise 
towards the end of the life of the first, and even perhaps second, L.T. 
battery whereby the filament voltage is very low, whilst the H.T. is 
still quite near the maximum rating. Using combined batteries, 
properly chosen for balance, the H.T. is reduced to perhaps half its 
maximum value by the time the L.T. reaches its minimum, thus 
considerably reducing the effects of under-heating. With the com-
bined battery, the condition of low L.T. and high H.T. should net 
arise. 
The combined H.T.-L.T. batteries are each designed for specific 

conditions of use, and these ,must be observed if the best results are to 
be obtained. For instance; the Ever Ready B103, 90 + 1¡- volt battery 
is balanced for a L.T. consumption of 250 mA at 1-4 volts with an on-
load endpoint of 1-0 volt, and a H.T. consumption of 12 mA at 90 volts, 
and an on-load endpoint of 35 volts, the period of use being 3 hours/day 
Under these conditions a balanced life of approximately 300 hours is 
to be expected when used in a set. 
Makers suggested current ranges should be considered in conjunction 

with the period of use per day and the endpoint voltage. If the period is 
long (4-8 hours/day) and the on-load endpoint high, i.e., 1-0 volt/cell 
or above, the current drain should if possible tend towards the minimum 
figure given in the schedule. Conversely, if the time period is short 
( hour per day) and the voltage endpoint normal (0-75 volt/cell) 
the current may reasonably approximate to the higher figure. 

Batteries for Transistorized Equipment 
Batteries intended primarily for use with transistorized equipment 

have been introduced by a number of makers. These generally have an 
output voltage of 8 or 9 volta, or (for use with some " single ended Class 
B' circuits) a twin output of 4-5 + 4-5 volts with provision for the 
connection of the two sections in series or parallel. Suggested current 
ranges for these batteries, using layer-type construction vary from 
0-5 mA for the smaller units up to about 20-150 mA. Batteries with 
a current range of 5-50 mA are generally suitable for domestic broadcast 
transistorized receivers, and similar equipment. 
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Mallory-type Dry Cells and Batteries 

Development of the Mallory Cell 

Whilst the underlying principles of the Mallory cell have been well 
known for a considerable time, it was not until the Second World War 
that it was developed commercially by the Ruben-Mallory Company of 
America, for military communication purposes. These batteries are 
now generally available, and are made in this country by Mallory 
Batteries Ltd. 
The essential elements of the Mallory (mercury) cell are : ( 1) a 

zinc anode; (2) a caustic alkali (potash) electrolyte; and (3) a cathode 
consisting of a compressed mercuric oxide-graphite mix-cake in firm 
contact with a steel container. 

Construction 

There are at present two standard types uf Mallory construction. These 
are: (a) the rolled anode form, and (b) the pressed powder anode type. 
The rolled-anode type is so-called because the zinc element consists 

of a strip of thin corrugated zinc of considerable length spirally wound or 
rolled to form the negative pole. In the mite of the pressed powder 
form the zinc anode consists of a porous pellet made by compressing 
powdered zinc metal. 
In Fig. 8 the 4R cell illustrates the rolled-anode style and the RM4 

the powdered-anode type. 

Physical 

Volktge.—The e.m.f. is by and large determined by the positions of the 
elements (i.e., mercuric oxide/carbon and zinc) in the electro-ehemical 
series. In consequence, it is independent of the size of the cells, and is 
1.35 volts. 

Internal Resistance.—This is usually measured by the short•eircuit 
current method as described for Leclanché dry cells. 

Chemical 

With the Mallory cell the reactions which occur when the cell is dis-
charged amount to the oxidation of the zinc anode. 
The overall reaction is given by the following chemical equation : 

Zn H20 -F,Hg0 = ZnO H20 Hg 

or simply Zn Hg0 = ZnO Hg 

Theory 

Connector tb. 
Cett Top. 

Anode. 

Sealant; Gronnr.et. 
Celt Can. 

Berner Chsc 
Depolarlser. 

POS • 
Fm. 8 (.2).—ROLLED-ANODE TYPE CELL. 
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Celt Top. 
Sealing Grommet 
Anode 
Electrolyte Absorbent 
Outer Can. 
Inner Can 
Barrier 0.sc 
Depots', se r 
Absorbent Tuba. 

VUS? (ENLARGED SECTiONS) 

FIG. 8 (b).—POWDERED-ANODE-TYPE CELL. 

This chemical reaction may be expressed ionically in terms of tho 
reactions at the two poles: 

At the anode (negative pole) 

(1) Zn ± 20H- ZnO H20 + 2e 

At the cathode (positive pole) 

(2) Hg0 + 20 = Hg 20H 

Performance and Use 

The electrical output obtainable from a " mercury " cell is deter-
mined by the following factors: 

(1) the physical dimensions of the cell; 

(2) the method of construction and the manufacturer's skill; 

(3) the rate at which it is discharged; 

(4) the on-load voltage endpoint to which it has to operate; 

(5) the temperature. 

It is of interest to note that in the caso of Mallory cells the 
performance differs little whether the discharge is continuous or inter-
mittent, provided the discharge rate is normal. That is it differs from 
the Leclanché cell in that no appreciable recuperation occurs in rest 
periods. However, if the discharge rate is abnormally heavy, some 
benefit is derived from intermittent service. 
Size.—The effect of size is shown in Table 2 and the curves in Fig. 9. 
Construction and Manufacture.—Whilst more than one kind of 

mercury cell exists. Messrs Mallory were the pioneers in this field, and 
their cells embody the results of years of experience. 

Discharge Raie.— The general effect of the discharge rate is seen in the 
curves shown in Fig. 9. The recommended maximum discharge rates 
for these eells are given in Table 3. 

It is undesirable that the maximum discharge rates should be 
materially exceeded, as this reduces the service life disproportionately. 

Temperature.—Where practicable these batteries should be operated 
at about 20° C. (68° F.), as this is approaching the point of optimum 
performance. Since the ampere-hour capacity of these cells falls 
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TABLE 2.—EFTECT OF SIZE ON THE PERFORMANCE OF THE MALLORY - 
TYPE BATTERY 

• 
Nomi- Dia- 

Height 
Volume 

Weight 
Capa-• S.C. 

Type nal 
Voltage 

meter 
(In.) (In.) 

(Cu. 
In.) 

In % (Oz.) eitY 
(mAH) 

I i % (Amp.) ‘"" 

RM I 1.35 -0.625 0.135 0.20 0.43 1,000 0.7 
RM3 1-35 0-977 0.88 0.50 1.10 2,200 0.8 
RM4 1-35 1-192 0.66 0.74 1.85 3,400 1.1 

TABLE 3.— MAXIMUM RECOMMENDED DISCHARGE RATES 

RM1 RM3 RM4 1R 1 2R 3R 

50 mA I 50 mA 70 mA 20 mA 30 mA 50 mA 

4R 

70 mA 

somewhat sharply with decrease in temperature, it is very undesirable 
to run them at low temperatures ( i.e., around 0° C.). 
At relatively high temperatures (50° C.) they behave well, and after 

six months' storage at 50° C. the loss in service life is only 5-10 per cent. 

Choice of Battery 

When selecting Mallory cells for a given application, the designer is 
concerned with a number of factors, i.e., size, weight, performance and 
operating cost. Usually, however, one is of particular importance, and 
this determines the type of cell required. 
For L.T. purposes the steel-jacketed types RM1, RM3 and RM4 should 

be used, whereas for H.T. units the IR series ( which do not require the 
outer steel jacket because they are protected by the battery container) 
are employed. 
At present the principal use of the RM1 series is for the L.T. unit in 

hearing aids, and they are used in conjunction with miniature or sub-
miniature layer-type (Leclanché) H.T. batteries. 
The IR series of cells are employed principally in Government 

batteries for communication purposes. 
E. S. 13. 

SECONDARY BATTERIES 

Uses 

The most important application of batteries to transmitting equip-
ment is as a psimary source of supply for mobile and portable trans-
mitters. They are also used: 

(a) Where a pule D.C. supply immune from the risk of failure 
of supply mains is essential. 

(b) For intermittent use where there is no mains supply, and it 
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would be uneconomical to run a small engine generator for short 
periods of time. 

(c) For portable auxiliary equipment, such as field-strength 
measuring apparatus. 

(d) For starting automatic generating plant. 
(e) For D.C. supply to circuit-breakers with shunt trips. 

For use with mobile equipment, blocks of three cr six cells in sealed 
containers, having capacities up to 200 ampere-hours are commonly 
made up in multiples of 6, 12 or 24 volts to drive rotary transformers. 
Small Planté-type cells for fixed station work have glass containers and 
are installed on single- or dorhle-tiered wood stands, liberally treated 
with acid-resisting paint. Cola of more than 300 ampere-hours capacity 
are contained in lead-lined wood boxes, erected on low stands for 
accessibility. 

Nickel-Iron Batteries 

These batteries are a suitable alternative to the lead-acid type for 
fixed and mobile installations, where they are likely to be subjected to 
rough treatment, where accommodation space is limited and the fumes 
from a lead-acid battery would harm nearby apparatus. or where they 
are required for occasional intermittent working. 
They are higher in cost than lead-acid batteries and have a higher 

internal resistance and therefore a lower efficiency. The high internal 
resistance is, however, often a useful feature in limiting the discharge 
current and safeguarding the battery against too heavy a discharge. 
Against this, their advantages over lead-acid cells are: 

(1) They can be charged and discharged at higher rates. 
(2) They remain charged or discharged for indefinite periods 

without injury. 
(3) Little sediment is formed. 
(4) They do not give off corrosive gases. 
(5) They are lighter and more robust. 
(6) They have a long life. 

The ampere-hour capacity is usually specified at the 7-hour charge 
rate and the 5-hour discharge rate. Higher charging rates than this 
should not be used, otherwise the iron element will be permanently 
damaged. The electrolyte must be renewed when the specific gravity 
falls below 146. The battery must then be discharged completely 
and left short-circuited for 2 hours or more, and refilled with fresh 
electrolyte. When it is required to take the battery out of service, it 
must be completely diséharged and stored with its terminals short-
circuited. 

Battery Charging and Discharging 

The ampere-hour capacity of a battery diminishes as the discharge 
current is increased (or the discharge time is reduced), and it is therefore 
usually specified at the 10-hour rate of discharge for lead-acid cells. 
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FIG. 10.—CHARGE AND DISCHARGE VOLTAGE CURVES OF LEAD-ACID 

AND NICKEL-150N CELLS. 

if this is taken as 100 per cent, the capacity for higher rates is approxi-

mately as follows: 

TABLE 4.—BATTERY CAPACITY FOR VARIOUS DISCHARGE RATES 

Duration of dis-
charge (hrs.) . 10 9 8 7 6 5 4 3 2 1 

Capacity, of 10-hr. 
rate (%) . . 100 98 95 

. 

92 88 83 78 72 63 50 

Battery efficiency is defined either on a current or energy basis. 

AH (or current) ___ AH output j 90% average for lead-acid cells 
efficiency AH input --- i82% „ „ nickel-iron cells 

WH (or eneigy) = AH efficiency x average discharge volts 
efficiency  average charge volts-

j 75% average for lead-acid cells 
L88cyo „ „ nickel-iron cells 

Fig. 10 shows the way in which the voltage of lead-acid and nickel-
iron cells rises during charge and falls during discharge. The character-
istics for both types are similar, but the voltage of the nickel-iron cells 
is lower than the lead-acid cells. The voltage at any instant is given by 

E = Ei IR while charging 
E = Ei -- IR while discharging 

where Ei = e.m.f. of battery off load; 
/ -= charging or discharging current; 
R = internal resi-eance of battery ( -= no. of cells x internal 

resistance per cell). 
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Thus, if the battery is switched from charge at a given rate to dis-
charge at the same rate, the terminal voltage will fall by an amount 
21R volts. 
The normal charge and discharge voltages for lead-acid and nickel-

iron cells, for which charging facilities must be provided, are shown in 
Table 5. 

TABLE 5.- CHARGE AND DISCHARGE VOLTAGES FOR LEAD-ACID 
AND NICREL-IRON CELLS 

Lead-Acid Nickel-Iron 
Cells Cells 

Initial discharge voltage per cell . 
Lowest discharge voltage per cell . 
Charging voltage range • r 

2.5 1-5 
1.8 1.1 

2.0-2-75 1•4-1.7 

For example, suitable- charging data for a lead-acid batte& of 
55 cells, 120 ampere-hour capacity, at the 10-hour rate would be: 

Normal charging current 
Minimum charging voltage 
Maximum Pf Pt 

Charging voltage range 
Series regulating resistance 

The rapid fall of voltage to • i.rds 

TO 
RECEIVERS ROTARY 

TRANS-
FORMER 

/CHARGE 

CHANGEOVER 
RELAY 

FIG. I I.-METHOD OF PROVIDING AN EMER-
GENCY A.C. SUPPLY WITH A FLOATING 

BerrEay. 

120/10 = 12 A 
= 55 «x 2.0 = 110 V 
= 55 x 2-': 5 = 151 V 
= 110 to 151 V 
= - 
= ( 151 - 110)/12 = 3-42 n 

the end of discharge is a useful 
indication of the safe limit to 
which discharging can be car-
ried, but the final criterion 
must always be the specific 
gravity of the electrolyte and 
the voltage of th'e individual 
cells while on load. It is usual 
with a large battery to sup-
plement the switchboard volt-
meter by charge and discharge 
ampere-hour meters, the dis-
charge meter being adjusted to 
read about 10 per cent high tc 
compensate for inefficiency of 
the battery. By logging read-
ings of both meters, it is possible 
to estimate at any time the 
balance of charge remaining. 

Floating Batteries 

The floating battery is a convenient way of providing a ripple-free 
supply from an A.C. rectifier, which automatically delivers current to 
the load if the mains supply should fail. Fig. 11 shows a typical full-
wave rectifier and floating battery, with facilities for floating, charging 
or discharging. 

W. E. P. 
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Secondary Cells 

The trend of development for many radio and electronic applications 
is towards smaller and lighter accumulators. In lead-acid types 
considerable research into new forms of separator plates has been 
undertaken to overcome the effect of acid on the active plates. One 
development is the use of separator plates filled with diatomaceous 
earth under compression. Apart from enabling the active plates to 
be lighter and softer, this type of separator absorbs the bulk of the 
,electrolyte, so that the cell can be regarded, for many purposes, as a 
dry cell. Another innovation is the use of sheets of resin-bonded 
glass wool and porous P.V.C. forming the separator which is also used to 
hold the active plates in position. 

Silver-Zinc Accumulators 

For applications which require an accumulator of extreme compact-
ness. wile permitting relatively high charge and discharge rates over a 
wide range of temperature, ti recent development is the silver-zinc 
accumulator. Silver is used for the positive electrode, zinc oxide for 
the negative electrode and potassium hydroxide forms the alkaline 
electrolyte. The plates anti separators are held under pressure, using 
a cellulosic material. The voltage per cell is about 1.5 volts. Typical 

figures of overall performance are a capacity of about 32 ampere.hours per pound weight and about 2 ampere-hours per cubic inch. 

SILICON SOLAR BATTERIES 

It has been estimated that up to 1,000 watts of light energy reaches a 
square metre of the earth's surface at noon in favourable locations. 
In 1954 Bell Telephone Laboratories announced the development of 
silicon solar batteries with a conversion efficiency of the order of 5 per 
cent; though at a cost per cell t nch higher than conventional power 
sources. Recently solar batteries of higher efficiency and lower cost 
have been marketed by several firms in the U.S.A.: these cells have an 
efficiency of 10-11 per cent, and it is anticipated that further im-
provements towards the theoretical maximum of 22 per cent may 
occur. These efficiencies are very much higher than is possible with 
selenium cells. 
The silicon solar cell comprises essentially a silicon p-n junction; 

light energy liberates electrons and holes within the barrier region, and 
the permanent electric field existing in this area causes the electrons to 
flow to the n side of the junction and the holes to the p side. Thus a 
voltage appears across the thin slice of silicon which is usually about 
-.Is in. thick. 
A typical solar cell illuminated at 10,000 foot-candles will produce an 

open-circuit voltage of the order of 50 mV. The current will depend 
on the active area of the cell: about î sq. in. being required to produce a 
short-circuit current of about 100 mA and a power output of the order 
of 30 mW. 

Cells may be used: ( 1) for direct conversion of light energy into electric 
power, whenever sufficient light is available; (2) as a source of power 
for re-charging storage batteries to provide continuous service; (3) as 
control elements in photo-electric applications. 
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VIBRATORS AND VIBRATOR CONVERTERS 

The vibratoÉ plays an important part in modern mobile electronic 
equipment. It is not generally realized that vibrator units are one of 
the most efficient power-converting devices so far developed. The 
frequency stability of these units is unmatched by any other device 
comparable in price, size and simplicity. Although the vibrator unit 
has many advantages, there are, however, limitations which are not 
generally understood by the casual user. The various main types of 
vibrator unit, their applications and limitations will now be described. 

Basic Vibrator.Circuits 

The simplest type of vibrator is shown in Fig. 12. This consists of a 
ow-impedance vibrator exciter coil in series with the make/break 
contacts and the primary of the output transformer. This circuit is 
very seldom used, as the output is limited to under 10 watts. The load 
should be a full-wave rectifier in order to reduce arcing at the contacts 
to a minimum. The output from this unit is not suitable for operating 
inductive devices, such as transformers, small motors and the like. 
The vibrator driving current is proportional to the load; it therefore 
follows that the vibrator reed " swing " amplitude will vary according 
to the load, resulting in poor frequency stability. As the current into 
the output transformer is, in effect, half-wave, the wave-form is 
unbalanced. 
For loads 00 up to 30 watts, the vibrator circuit shown in Fig. 13 i§ 

generally used. The output from this type is full-wave, and the wave-
form is, therefore, balanced. 
The vibrator driving tioil is, however, still in series with one half of 

the output transformer, but, in this case, it does not carry the full input 
current. Nevertheless, the vibrator drive will vary according to the 
load. This circuit will give satisfactory results when operated at a 

VIBRATOR 
EXCITER COIL 

06001 

D.C. INPUT 

1000001 

OUTPUT 
TRANS. 

VIBRATOR 
EXCITER COIL 

DC 
INPUT 

OUTPUT WAVE FORM 

12.—BASIC VIBRATOR CIRCUIT. 

AC. 
OUTPUT 

WAVE FORM 

FIG. 13.—TYPIcAt VIBRATOR Ciacurr FOU LOADS UP TO 30 W ATTS. 
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D.C. 
INPUT WAVE FORM 

FIG. 14.—VIBRATOR CIRCUIT OWING INCREASED FREQUENCY STABILITY. 

frequency of 100-130 cis. The output/input efficiency will be com-
paratively high, but the frequency stability will be poor. For this 
reason, the circuit is only considered suitable for feeding into a full-wai. e 

rectifier circuit. 
For greater frequency stability, the circuit shown in Fig. 14 is to be 

recommended. Basically, this is similar to the circuit shown in Fig. 13. 
with the exception of the driving coil, which in this case is completely 
independent of the output circuit. For loads of up to 30 watts, this 
provides an efficient; economical circuit, coupled with good frequency 

stability. 
All the circuits so far described depend for their operation on the we 

of a centre-tapped transformer, but in cases where the output voltage 
required is approximately the same as the input, the circuit in Fig. 15 Is 
very satisfactory. This is in effect a double-pole. double-throw, changP. 
dyer switch which reverses the polarity of the output at the periodicity 
determined by the natural frequency of the driving reeds. As there is 
no transformer winding in circuit to. limit the input current, a small 
resistance R must be inserted in series with the input. Subject to the 
current-carrying capacity of the contacts, this type of vibrator circuit 
is capable of an output of up to 100 watts; with careful attention to the 
output power-factor correction, and suitable buffer capacitors, an output 
of up to 300 watts is possible. 

All the circuits so far described provide an A.C. output with a sub-
stantially square-iyave form output which, for general requirements, 
is quite satisfactory, especially where the output is converted back to 
D.C. by rectification. When a square waveform is used to provide the 
driving power to electronic equipment, there is the possibility tbat 
" hum" or ripple may be introduced by direct coupling or inductitœ. 
For such requirements vibrator units have been developed which provide 
an output. waveform which approximates that obtained from commert ial 

power supplies. 
The circuit shown in Fig. 16 is widely used in vibrator converter,. 

The A.C. output is not a sine wave, but it is sufficiently close for practical 

D.C. 
INPUT 

WAVE FORM 

FIG. 15.—CIRCUIT FOR OBTAINING APPROXIMATELY THE SAME OUTPUT AS THE 
INPUT VOLTAGE. 
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16.—TyricAL VIBRATOR CONVERTER CIRCUIT. 

purposes to. allow the operation from a D.C. source of such devices as 
tape recorders and dictating machines. The vibrator shown in this 
circuit utilizes a commutating circuit and functions in the following 
manner • The driving circuit is made up of the reed RD„ the exciter 
coil L, and contact 134. Contacts P, and P2 are closer to reed R1), 
than contacts Ps and 134 are to reed RD,. With a slight movement of 
reeds RD, and RD, (which, incidentally, are mechanically coupled) 
a current flows through R1, P, and one half of the transformer primary: 
as the reeds reach approximately 50 per cent•of the " swing ", contact 
P, makes contact with reed RD2, thus short-circuiting resistance R„ 
and so applying the full input potential to half of the output-trans-
former winding. .0n the return half-cycle of the reeds, resistance R, 
will be re-introduced before the circuit is finally broken by P,. . The 
same process is repeated on the other half-cycles of the reeds with 
contacts Pp and P4. This circuit has three advantages over those 
previously described: 

(a) As the input source is applied in steps, the current build-up 
in the transformer is more gradual. 

(b) Resistance R, acts as a buffer and damper, reducing the 
possibility of arcing at the contacts, particularly at high input 
currents. 

(c) The resultant output waveform shown in Fig. 16 (a) is quite 
easily corrected to the waveform shown in Fige 16 (b) by a simple 
filter made up of capacitor C,, iron-core choke CH, and capacitor 
C 2. 

It shoold be noted that in all typical circuits illustrated, no buffer 
capacitors or powe.--factor correction are shown; these will, of course, be 
incorporated in any practical design, the actual values depending on the 
nature of the load and the input voltage. 

Main Classes 

Having described the various vibrator circuits available, it will be 
noted that these fall into two main classes: 

Class 1.—Units for loads of up to 30 watts where the output is 1,- ially 
rectified to D.C. before being applied as H.T. drive to equipmen, such 
as car radio, radios and mobile amplifiers, etc. In this type of equip. 
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17.—DBE OF A D.C./A.C. CONVERTER WITH A.C./D.C. EQUIPMENT. 

ment the operating conditions of the vibrator unit are known, simplifying 
the design considerably. 
Clam 2.—Vibrator units in this class provide a very much larger out-

put, A.C. at 50 or 60 /8, and in the case, for example, of Valradio unite, 
outputs of up to 300 watts are available. The design of these D.C. /A.C. 
converters is complicated by the fact that the characteristics of the load 
are not known. It is therefore necessary to incorporate constants 
which will fulfil most average requirements. There will inevitably be 
oases where attention will have to be given to the-power factor of the 
load, and in particular to the output voltage of the converters, before 
the equipment is put into service. This is particularly the case when 
the vibrator feeds certain types of motors. 

A.C. Equipment Employing Half-wave Rectification 

Any load which will pass more current during one half-cycle than the 
other, will cause magnetic polarization of the transformer, resulting in 
serious arcing at the contacts; for this rea: on A.C. equipment in-
corporating half-wave rectification cannot be successfully used on 
vibrator D.C. /A.C. converters. 

Univerial A.C./D.C. Equipment 

When it is desired to operate A.C. /D.C. equipment from a supply 
lower in . voltage than that for which it was designed, a D.C. /A.C. 
converter can be used, provided that a full-wave, bridge-connected, 
metal rectifier is interposed between the c• nverter and the A.C./D.C. 
equipment, as shown in Fig. 17. This circuit arrangement is very satis-
factory for operating television receivers from low-voltage suppli.-. 
The fact that the input to the television receiver is smoothed D.C. 
completely eliminates " hum bars" on the picture, and hum on sou id. 

Input Voltage 

. The input voltage to vibrator units should be maintained within plus 
or minus 10 per cent of the nominal. Where this figure is exceeded a 
small resistance must be connected in series with the input. A value .1f 
1 ohm for every 2 volts in excess of the converter maximum would be. 
suitable. For example: 
The maximum input of a Valradio 32-volt converter is 38 volts. 

Assuming that when the batteries are being charged the voltage rises 
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to 40 volts, the excess is 4 volts; a 2-ohm series-resistance, would there-
fore be suitable. In some converters a switch is provided for short-
circuiting the resistance. The switch is marked " charge" and 
" battery ". 
Any rise in the input voltage will produce proportionate increase in the 

output voltage. To cope with change of input and variations of load, 
some converters are provided with three or four output tappings. 
These will usually be found on a panel inside the converter, and ale 
marked " H " (High output), " M " (medium) and " L " (low output). 
Access to these tappings is gained by removing the base of the con-
verter. It is always best to try the " L " tapping first and measure the 
output voltage under load conditions. 

Interference Suppression 

For most radio applications, vibrator donverters must incorporate 
effective high-frequency suppression devices to overcome the effect of 
the slight sparking that occurs at the contacts, and for certain applica-
tions low-frequency filtering is also necessary. 
The operation from standard types of converters of radio receivers 

incorporating internal frame aerials is seldom completely satisfactory, 
owing to the increased chance of " hash " and hum pick-up. Even 
where efficient suppression filters are fitted in the converter, it must be 
remembered that a weak field of interference will persist in the im-
mediate neighbourhood of the converter. When installing converters, 
this point should be borne in mind, and the units should not be placed 
near the aerial section of the receiver; similarly, the aerial and earth 
wires should be kept clear of the converter wiring. 

Servicing 

Vibrator converters generally require comparatively little attention. 
The vibrator units, however, are subject to deterioration and have a 
limited life; the contact points, in time, wear or become pitted and stick, 
or the springs lose their tension. Repairs are possible by filing the 
points and adjusting the spring tension and gap, but these measures are 
likely to afford only a temporary relief. Towards the end of the useful 
life of a vibrator unit it may be fbund that when the receiver is switched 
on the vibrator fails to function, but can be induced to start by sharply 
striking the case; this usually indicates worn points, but may denote 
that the battery voltage reaching the vibrator is too low. 
The main on/off switch has to carry a relatively high current at low 

voltage, and any resistance introduced by dirt or oxidation, caused by 
arcing, may reduce the efficiency of the unit or cause complete failure. 
C 1:nplete failure of the power pack is sometimes caused by the break-

down of the rectifier-anode filter capacitor, connected across the 
secondary of the H.T. transformer. High-voltage types should always 
be fitted in this position. It should also be remembered that cold-
cathode rectifying valves, sometimes used with vibrator plinks, may if 
faulty give rise to a form of electrical interference resembling hash. 
Where the tungsten contacts have worn, these can be replaced only 

by fitting new reeds and carefully re-setting the clearance gaps. It 
should be noted that the correct gap varies with different types of 
vibrators. For example, the figures in Table 6 apply to the Valradio 
range of vibrators. 
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TABLE 6.—GAP DIMENSIONS OF A TYPICAL RANGE OF VIBRATORS 

Types Gaps 

PP6/50P, PP6/50DP, PP12/50P, PP12/50DP 

PP24/50P, PP24/50DP, PP32/50DP, PP50/P, 
PP110/50P, etc. 

PC110/50P 

All main gaps about 
0-007 in. 

¡Gaps Pl and P2 0.008 
(Gaps P3 and P4 0.013 
All gaps about 0.008 

in. 

When re-setting, best results can be obtained by using a cathode-ray 
oscilloscope to view the waveform of the output; the converter should, 
of eourse, be working into its normal load whilst the adjustments are 
being made. 

Generally, it has been found from experience advisable to switch on 
the converter before switching on the load. Otherwise there is a 
tendency for arcing to occur at the contacts, especially if the input is 
high. 

Tungsten contacts have a tendency to oxidize; this should be re-
membered when fitting a new vibrator that has been in stock for some 
time. To clear the oxidation, it is necessary to run the vibrator off 
load for a few minutes. 

V. V. 

ROTARY CONVERSION MACHINES 

The distinction between rotary transformers, rotary converters and 
motor-generators is not always clearly understood. A rotary trans-
former or dynamotor is primarily a machine which changes the voltage 
of a D.C. supply, and is most commonly designed to convert a 6- or 
12-volt battery supply to H.T. for receivers or low-power transmitters: 
It has a single armature, wound with two separate windings, each 
connected to a commutator at either end, and excited by a common 
field system. Any D.C. ratio can be obtained with a suitable ratio of 
turns in the windings. Machines delivering 50-500 watts have overall 
efficiencies ranging from 50 to 60 per cent. 

It is customary to mount the machine together with a ripple filter 
and interference suppressors, on a common base. As a safeguard to the 
associated radio apparatus, the base is fitted with anti-vibration pads 
and the whole equipment is enclosed in a screening box lined with sound. 
absorbent material. 

Typical connections for a rotary transformer and its auxiliary 
equipment are shown in Fig. 18. A starting switch S connects the 
battery to the motor armature M and excites the field winding F. A 
field rheostat R regulates the generator voltage. Commutator ripple 
voltage in the output is smoothed out by a ripple filter Lei. Sparking 
at the commutators can cause severe interference at radio frequencies 
unless suitable precautions are taken. RF. interference is suppressed 
by chokes L, in series with the lines and centre tap earthed condensers 

z z 
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C, connected across the input and output terminals of the machine. 
As a further protection the frame of the machine and the screening box 
are earthed. 
A rotary converter converts A.C. to D.C. and vice versa. It has a 

single armature winding, from which tappings are connected to slip. 
rings at the A.C. end of the machine and to a commutate: at the D.C. 
end. The A.C./D.C. transformation ratio is fixed by the number of 
phases, and is equal to V2 for a single-phase machine. For polyphase 
machines the ratio is given by 

= {sin(•e/m)} /V2 

where m is the number of slip rings. 
D.C. voltages differing from the fixed value can be obtained by feeding 

the A.C. input through a transformer of appropriate turns ratio, and 

18.—ROTARY TRANSFORMER FOR CONVERTLn0 LOW•VOLTAGF D.C. 
TO IIIOH•VOLTAGIC D.C. 

furnished with tappings if a range of voltage is required. Conversely, 
different A.C. voltages are obtainable from a transformer connected to 
the A.C. output. .Alternative methods of providing a range of voltage 
aro the use of an A.C. voltage regulator or a variable iron core choke. 
It is also possible to control the voltage to a limited extent by field 
regulation with series reactance. 
The motor-generator is the most versatile of the rotary oonverting 

machines. Consisting, as it does, of a motor driving a separate generator 
on a common shaft, it is possible to design mk.chines for any voltage 
ratio, to convert D.C. to A.C. or A.C. to D.C., or to transform A.C. 
from one frequency and voltage to another. Two generators may aleo 
be flexibly coupled to a single motor on a common shaft to generate two 
separate supplies, such as L.T. and H.T. supplies for a small transmitter. 
In such combinations ripple filters must be fitted to H.T. and grid-bias 
generators, but are not required for an L.T. generator used for filament 
heating. In common with all rotary commutating machines installed 
adjacent to radio equipment, it is usually necessary to fit interference 
suppressors as close as possible to the machine terminals, and in the 
ease of small machines to endoso all equipment in an earthed screening 
L/OX. 

W. E. P. 
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TRANSISTOR D.C. CONVERTERS 

To convert a D.C. source to A.C. or to D.C. of a higher potential, it 
is necessary to use a converting device such as a rotary converter, 
vibrator unit or an electronic converter incorporating therrnionic 
valves or transistors. Vibrators have limited life, the unite tend to be 
bulky and their efficiency drops at low output. Valves, because of 
their relatively high internal resistance, can be used efficiently only 
on D.C. voltages exceeding 100 volts (preferably above 200 volts). 
Transistors, with their very low internal resistance, can be used on 
low-voltage D.C. supplies of up to about 50 volts (higher if necessary), 
retain high efficiency for power levels from about .1 mW up to hundreds 
of watts, and operate at relatively high frequency (usually of the order 
of 1,000 0/8), making possible the use of compact transformers and 
smoothing components. Unlike vibrator units, there are no problems 
of spark interference. 
There can be little doubt that transistor converters will gradually 

supersede both the vibrator unit and the rotary converter. As far as 
it is possible to ascertain by practical experience to date, transistors 
appear to have an infinite life, and—apart from slight changes during 
the first few hundred hours of use-no deterioration takes place after 
years of continuous or intermittent use. 
In order to achieve conversion, the steady direct current must be 

" chopped " into a repetitive series of pulses which can be stepped up 
by normal transformer action. In a vibrator this chopping or switching 
is done mechanically. In a transistor converter the transistor acts 
as an electronically controlled " on-off " switch. A junction transistor 
can provide an almost ideal switch: when the transistor is " off " only 
the collector cut-off current flows; when it is " on " and bottomed it 
behaves as a low resistance of the order of 0-2-2 ohms. By being made 
to oscillate, the transistor is alternately bottomed and eut-off, and can 
be used to interrupt a D.C. source. 
Although the above action forms the basis of all transistor con-

verters, there are a number of possible circuit configurations: the 
following are the most useful for practical applications: 

(1) Transformer coupled, single transistor. 
(2) Ringing choke, single transistor. 
(3) Push-pull transformer coupled, twin transistors. 
(4) Transformer coupled polarity changer, four transistors (or 

multiples of four) 

Transistors for converter applicaticin should preferably be capable 
of handling high currents, have a low bottomed resistance, high 
maximum collector voltage rating and adequate dissipation rating. 
Converters can generally handle between about three and ten times as 
much power as the transistor dissipation rating. Conventional power 
transistors have been widely used for this service, although special 
types are being developed. Silicon transistors will withstand tern. 
peraturea of the order of 100-150° C., but unfortunately this advantage 
is offset by the much higher internal resistance, which limits their 
application in D.C. converters. Germanium transistors can generally 
be considered electrically superior, but must not be operated at a 
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(a) 

LS :;: LR 

(b) 

FIG. 19.—TRANSFORMER COUPLED, SINGLE TRANSISTOI 
D.C. CONVERTER. 

junction temperature higher than about 80-90° C. For converter 
applications under normal ambient temperature cmditiona germanium 
transistors are generally used. 

Basic D.C. Converter Circuits 

Transformer Coupled, Single Transistor. This circuit is probably 
the simplest, and consists of a single transistor connected to a simple 
transformer. This circuit is shown in Fig. 19 (a), with its output wave-
form shown in Fig. 19 (b). 
The operation of this circuit is as follows: The base of the transistor 

is biased slightly negative which permits an emitter to collector current 
of a few milliamps. The flow of this small current through LI will 
induce a negative potential into L2 which will increase the base current, 
causing greater collector current. This process rapidly reaches a 
saturation point with the collector voltage bottoming; at this point 
no further changes in current take place; the base current rapidly 
turns positive, cutting off the collector current; the process is then 
repeated. The pulses of the interrupted D.C. are stepped up by the 
secondary winding L3 of the transformer. The frequency of the 
operation is. determined mainly by the number of turns on the primary 
and the size and permeability of the core. The most efficient frequency 
is about 1,000 c/s. 

Because of the severe polarization of the core, the useful output from 
this circuit is usually less than 10 watts, and, unless great care is taken 
in the transformer design, the efficiency of the circuit is not very high. 

Ringing Choke. A better circuit for low-power conversion is the 

OUTPUT 

INPUT STROKE 

OUTPUT 
STROKE 

(a) 

FIG. 20.—RINGING CHOKE D.C. CONVERTER. 
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(a) (b) 
FIG. 21.—l'usa-PULL TRANSFORMER COUPLED D.C. CONVERTER. 

ringing-choke system shown in Fig. 20 (a). This functions in a similar 
manner to the transformer-coupled type, but the output is taken from 
the ringing voltage in the secondary of the transformer. The efficiency 
is higher than the transformer type, but it suffers from the disadvantage 
of poor voltage regulation. 

Pueh-Pull Traturformer-Coupled. A transistor is strictly a current-
operated device, and for this reason the base circuit must be of 
sufficiently low resistance to allow the collector to " bottom ". When 
outputs greater than about 5 watts are required, transistor circuits 
producing a full-wave output are necessary. The most common is the 
push-pull type, widely used for inputs of up to 24 volts and outputs 
of over 100 watts. 
As the description implies, the transistors operate in a push-pull 

manner, whereby they are switched alternatively, producing the output 
waveform shown in Fig. 21 (b). The overall efficiency is 85-90 per cent. 
The main reason for the very high efficiency is that the transistors are 
operating under conditions of minimum dissipation; that is either 
completely cut.off—very high internal resistance, or passing maximum 
current—lowest internal resistance. 

Polarity Changer: The polarity-changer transistor circuit consists 
of four or more transistors connected in the manner of a double.pole-
double-throw switch, whereby the D.C. input is reversed across the 
load. The basic circuit is shown in Fig. 22. The output waveform is 
similar to that shown in Fig. 21 (b). The polarity-chiurger circuit has 
the advantage that the transistors are subjected to only a slightly 

FIG. 22 . —POLARITY '- 
CHANGER D.C. CON,/ESTER. 
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33011 

1.5V 

12V 4-
INPUT 

FIG. 23.—Low POWER CONVERTER. 

higher voltage than the D.C. input, whereas in the push—pull circuit 
the transistors are subjected to over twice the supply voltage. 

Typical Units and Applications 

Transistor D.C. converters have many uses, particularly for mobile 
and portable radio communications equipment and similar applications. 

INPUT 
24V. 
D.C. 

FIG. 24.—HIGH POWER CONVERTER. 

OUTPUT 
200V. 
0.6A. 

D.C. 

They also make possible the operation of small A.C. electric motors and 
fluorescent lighting from D.C. supplies, etc. Since a transistor 3on. 
verter is practically instantaneous in starting, it can form a valuable 
emergency unit in the event of a mains-supply failure. 
Two representative units, manufactured by Valradio Ltd., are the 

Types 12/1T and R24/0T. 
Unit Type 12/1T (Fig. 23) is a dry-battery eliminator for operating 

battery receivers from a 12-volt accumulator. 
Transverter Type R24/120T (Fig. 24) is a typical example of a tran-

sistor unit providing an output of over 100 watts, for operating A.C./D.C. 
television receivers or similar equipment from a 24-volt D.C. source. 
The ou'put is 200 volts at 0.6 amp. maximum. The circuit employed 
is the previously described polarity changer, and the output is rectified 
by a bridge-connected metal rectifier. In order to increase the output, 
the D.C. input is connected in series with the rectified output. 

V. V 
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HIGH-FIDELITY SOUND REPRODUCTION 

In dealing with high-fidelity sound reproduction, it is very convenient 
to divide the problem into two sections. First, all those attributes of 
the complete system which can be objectively measured and specified; 
second, all those attributes which have their being in the difference 
between the conditions of hearing the original sound and hearing the 
reproduction of it. "" systems sometime earn a bad reputation 
for themselves because they stop short at the first section and take little 
or no account of the second section. 

Objective Attributes 

During the evolution of sound reproduction, the following attributes 
have been isolated from the general fact that the reproduced sound is 
different from the original : frequency response; signal-to-noise ratio.; 
frequency change; harmonic and cross modulation distortion; and 
transient distortion. The particular techniques used by different 
workers in -the field of acoustic measurements vary somewhat, but 
there is fair agreement on general principles. 

Frequency Response 

Perhaps the most important restriction which may be set by sound-
reproduction equipment is frequency coverage. At first this was 
synonymous with frequency range, but today it is quite possible to 
cover the whole of the audible frequency range; it is not so easy to 
cover it with uniform sensitivity to all frequencies. For the purpose of 
this section, the range of frequencies which can be heard by a normal 
adult listening to a sound pressure of 80 db above 0.0002 dynes/sq. cm. 
will be assumed to stretch from 25 up to 15,000 c/s. The total fre-
quency range which is audible under strong stimulus, in the absence of. 
any other sound, is certainly greater than this for young adults, and 
decidedly less for older people; but, if the reproducing system has no 
other fault of any kind, except its inability to teproduce below 25 c/s 
and above 15,000 c/s, then it will be a very good system indeed. 

It has been found that the maintenance of uniform sensitivity over 
the whole of the frequency range that is reproduced can be quite as 
important as having a very extended range. Many of the early high-
fidelity systems suffered from this defect; and as a result, they were no 
more acceptable from the point of view of overall quality than those 
systems with a narrower frequency coverage but having greater 
uniformity. 
The " Frequency Response Curve" is the usual way of expressing 

the uniformity or otherwise of the component or the whole chain of 
sound reproduction. It is normally plotted to show the variation in 
output for a constant input of various frequencies. Since the input is 
usually maintained constant, it can often be ignored, and the output at 

37-2 
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FIG. 1.—FREQUENOY RESPONSE OP HIGH-QUALITY STEMMA MEASUREMENT AT 

THE Eau OP THIC LISTENER IN raw Lirrgeasia Room. 
A. Original sound and reproduction 80 db above 0.0002 dyne,s/cm.'. 
B. Original sound 80 db, and reproduction 80 db above 0.0002 dynes/cm'. 

one frequency compared directly with the output at another frequency. 
Do not be misled by the " shape" of the curve; what is measured and 
plotted is the output at one frequency compared with the output at 
another. The eye is used to assessing shapes, and two curves which 
have a different appearance may sound very similar. 

There is a secondary use of the " shape " of the response curve. A 
normal frequency response curve is applicable to steady tones only; 
but if there is a sapid change in sensitivity for a small change in fre-
quency, then the behaviour of the system to the unsteady tones of an 
actual programme will be less satisfactory than the steady test tones 
suggest. In other words, the transient response of the system will be 
bad, and a rough indication of the degradation can be obtained from an 
inspection of the rate of change of tho frequency response curve. 
Exception should be made to those dips in the response curve which are 
due to sound arriving at the measuring microphone via two or more 
paths which have a difference in path length, so that the sound arriving 
from one path cancels that from another. Such cancellations will not 
have any effect on transient response. 

Microphones and Recorded Programmes 
The frequency response of a microphone is often dependent upon the 

direction of arrival of the sound. If only one source of sound is used, 
this can often be placed in the preferred direction relative to the micro-
phone so that the required frequency response is obtained. But if 
there are several sources of sound, such as an orchestra, or a single 
source with several walls which reflect it, giving rise to reverberation, 
it is quite possible that some sounds will reach the microphone from 
angles which produce a bad frequency response. A typical example 
would be the direct sound from an orchestra reaching the microphone 
from the preferred direction, and the reverberation from the hall fall-
ing on the back of the microphone, which may have a very different 
frequency response. 
In the case of a loudspeaker the frequency response nearly always 
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varies with the angle at which the sound is radiated relative to the axis of 
the loudspeaker. There is no doubt that satisfactory reproduction 
could be obtained with uniform hemispherical radiation at all fre-
quencies, be this is seldom achieved in practice; it is much more usual 
to find that the higher frequencies are radiated as a narrow beam, while 
the lower frequencies are moré nearly spherical. 

In the case of recorded programmes, the material used for the recora 
ing may well impose a special frequency response. This is the case for 
both magnetic tape and disc recording. Consider first the case of a 
recording made on magnetic tape. This is passed over the reproducing 
head, and the resulting voltage generated in it is proportional to the 
rate of change of flux along the magnetic tape. That is. the k-igher 
the frequency, the greater is the output voltage from the reproducing 
head for a given amount of magnetization. (This is true for all those 
frequencies where the width of the air gap in, the reproducing head is 
considerably leas than the smallest wavelength recorded on the tape:) 
Since the amount of magnetization permissible on the tape is set by the 
distortion which can be tolerated, it follows that the lower the frequency, 
the lower the voltage output from the reproducing head. Thus it 
comes about that the voltage output from a magnetic tape is 
proportional to frequency over most of the frequency range up to that 
point where various high-frequency losses come in and first flatten the 
response curve and finally cut it right off. The reproducing amplifier 
must have a frequency response which restores the output from the 
reproducing head to a voltage which is independent of frequency. 

Considering now the case of the disc record, the early records were cut 
in such a way as to produce a constant transverse velocity to the needle 
tip from about 250 cis upwards. It was not possible to continue this 
relationship below that frequency because the rising amplitude of the 
modulation would cause the lower7frequency grooves to run together. 
Thus it became the practice to record at constant amplitude below 
250 cis and at constant.velocity above this frequency. Using present-
day materials and groove dimensions, the lower frequencies are recorded 
at nearly constant amplitude, the middle frequencies at constant 
transverse velocity and the upper frequencies are accentuated. The 
amplifier used must have a frequency response which restores the 
voltage output from the pick-up to a voltage which is independent of 
frequency. 

It is customary to express the frequency response of a disc record 
as the departure from constant transverse velocity conditions, this ratio 
being expressed in decibels. A good magnetic pick-up will have a 
voltage output wbich is almost exactly proportional to transverse 
velocity, and the reproducing amplifier then requires a frequency char-
acteristic which is the inverse of the recording characteristic. Crystal 
pick-ups, on the other hand, can be made which will produce an almost 
ideal constant-voltage output from the present-day recording char-
acteristic. An amplifier for use with such a crystal pick-up usually 
requires no corrections at all. This results in a great reduction in the 
total amplification necessary at very low frequencies compared with the 
magnetic pick-up used with the same recording characteristics. 

Radio 
The frequency response which can be obtained from a radio trans-

mitter and receiver can be sufficiently good to cover the whole of the 
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required band from 25 c/s right up to 15,000n /s with uniform sensitivity. 
However, due to the closeness of the operating frequencies of adjacent 
radio transmitters, it is usually only possible to obtain sufficient fre-
quency separation on the highest frequencies. In the case of the 
reception a medium waves, particularly after.dark, it will be found that 
there is an audible note of about 9 kcis due to the interaction pf one 
radio station with another on an adjacent frequency. If a receiver is 
used which is capable of receiving a band of frequencies 18 kc/s wide it is 
quite possible that both the interfering note from the station immedi-
ately higher and the note from the station immediately lower in fre-
quency will be heard at the same time. If the radio-frequency 
separation of the three stations, the upper, the wanted and the lower, 
are not exactly equidistant, interference beats will be produced which 
may be decidedly more objectionable than only one steady note of 
9 kc /2. This interference has to bc reduced by making the radio 
receiver selective, either in the radio circuits, or the audio circuits, or 
both, so that there is no response to a signal 9 kcis or more from the 
wanted signal. Such selectivity precludes the reception of the higher 
frequencies beyond about 7 kc/s, and even then difficulty will be 
experienced with the reproduction of transients having frequencies in 
this neighbourhood. This problem does not exist with V.H.F./F.M. 
broadcasting. 

Signal-to-noise Ratio 

After frequency response, the ratio between the wanted signal and 
unwanted sounds of all kinds is probably the must important attribute 
to any high-quality system. The ear can survive sounds 120 db above 
the threshold of hearing (see Section 31, " Microphones "), but the 
auditory system may be damaged if a sound of this intensity is heard 
for a considerable time. It is not usually necessary to strive for a 
signal-to-noise ratio of 120 db: 100 db ‘would be very satisfactory, 
but is not easy to obtain, even under the very best conditions. Often, 
the ratio is between 40 and 60 db only, but it cannot be said to be 
adequate for all occasions. The most common forms of noise are: 
thermal noise in resistors, various forms of valve noise, which include 
microphony caused by the relative movement of various components 
inside the valve, microphony caused by the movement of cables and 
components, and electrical voltages which are induced in the apparatus 
and connecting cables by external or internal fields, both electro-
static and electro-magnotic of almost any frequency, depending upon 
the particular apparatus used. With some types of apparaus it will 
be found that the signal-to-noise ratio is not a constant, but that the 
noise increases with increase of signal. This is usually termed " noise 
behind the signal ", and badly recorded magnetic tape programmes 
sometimes provide an example of this fault. The noise suppression 
whicn is used in talking films and other apparatus is not necessarily 
quite the same as noise beyond the signal, because the value to which 
the noise rises when the suppression is removed may not be directly 
related to the strength of the wanted signal. 

It will usually be found that the signal-to-noise ratio is dependent 
on the frequency range reproduced. If a recording and reproducing 
chain is added to an existing system of sound reproduction, it impairs 
the signal-to-noise ratio, but if it is substituted for a transmission 
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system which has much noise, such as radio reception on medium 
waves, it may show a very considerable improvement in signal-to-noise 
ratio. 

Frequency Change 

If there is a change in the frequencies which are reproduced compared 
with the frequencies which are emitted by the original sounds, the 
reproduction may be rendered quite unacceptable. A change in 
frequency, which may be either steady or variable, is often encountered 
when a recording is included in the chain of reproduction equipment. 
It is also sometimes encountered in short-wave reception, but is usually 
accompanied by other forms of distortion, such as a very poor signal-to-
noise ratio. 

Amplitude Change 

Any change in amplitude between the original sound and the repro-
duced sound should be considered to be a form of distortion, although 
in some cases the change in amplitude is deliberate and in other cases it 
is accidental. Volume compression, as used in radio transmission, is an 
example of a deliberate variation in amplitude, whilst " flutter ", which 
is sometimes found on tape and film records, is an example of accidental 
amplitude variation. The latter is obviously a form of distortion, but 
the former may not be suspected by the uninformed listener. 

Harmonic Distortion and Inter-modulation 

If harmonics of the t :ginal frequencies are generated in the 
reproducing chain, or if sum and difference frequencies are produced 
from two or more original frequencies, they will be apparent as a form 
of distortion. The measurement and .expression of these forms of 
distortion is one of the hardest of all measurements to make and 
express. Similarly, the degree of distortion which can be tolerated 
different individuals will vary to a great extent, and will even vary witi, 
the particular occasion. 
Both these forms of distortion are dependent upon the size of the 

signal, and in all probability will have a value which varies with fre-
quency as well. Common examples me overload distortion of a radio. 
frequency detector, or of an amplifier, and also interrnodulation 
produced by a loudspeaker. 

Transient Distortion 

This distortion appears as an nability of the system or component to 
respond to sudden changes of amplitude and frequency. It is usually 
evaluated by measuring the rate of decay of a sudden interrupted 
steady frequency; it being usual to assume that the rate of decay is 
also an indication of the rato of growth. In cases of, severe transient 
distortion it is quite possible for the frequency emitted during the decay 
period to be different from the frequency of excitation. Since transient 
distortion often arises from the presence of resonances, and these self-
same resonances also impair the frequency response, the two forms of 
distortion often occur at the same frequency, and may be confused by an 
unskilled listener. Since the methods of objective measurement are 
very different, there is little chance that the measurements will be con-
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fused; but if frequency response only is measured and an attempt is 
made to relate it to subjective listening of a programme, the presence of 
transient distortion is apt to mar the objective-subjective relationship. 

Subjective Differences 

It is the purpose here to examine all the differences which exist 
between the hearing of the original sound and the sound reproduced by a 
single-channel system free from any of the objective distortions already 
mentioned. It may seem strange to find that a single-channel system, 
which is free from all objective distortion except the inclusion of a 
volume control, may not necessarily give satisfactory reproduction. 
In considering subjective differences it is necessary to start with the 
mind of the artist and to follow the chain of events from the mind of the 
artist right through to the mind of the listener. 

Subjective Frequency Response (Pitch-loudness) 

This is the most important attribute of a high-quality sound-repro-
ducing system which undergoes very considerable modification by 
subjective effects. It is almost the only attribute in which some 
attempt at correction can be made. Consider first the human voice. 
The artist may be speaking particularly for one particular listener, and 
speaking under conditions which are ideal for the listener to hear him. 
But, on the other hand, he may be speaking to a number of listeners in 
different surroundings from himself, and differing again from one 
another. The announcer reading the news should read- in a loud, clear 
voice in one home so that mother out in the kitchen washing up the 
dishes can hear; he should shout the news out at the top of his voice so 
that all those in the local pub can hear the cricket scores; at the same 
time he should whisper the news discreetly to the lone occupier of a 
small apartment, lest the neighbours complain. Clearly he cannot 
speak with a different " voice effort" for each person all at the same 
time. To overcome this defect each sound-reproducing equipment is 
provided with a volume control which will increase or decrease all the 
frequencies equally, thus preserving the original objectively faultless 
system. 

Unfortunately, when an announcer alters his voice effort he does not 
maintain a constant increase or decrease of all frequencies. If normal 
conversation in a quiet room is taken 88 the standard of comparison; 
then for loud speech,,the low frequencies are increased by about 10 db, 
the middle region is increased by 25 db, and the..highest frequencies by 
about 12 db. Loud declamatory speech raises the ends of the spectrum 
by another 5 db, but increases the mid-frequencies by another 10 db, 
so that there is now a difference of 20 db between the middle and the 
two ends of the spectrum. Soft, intimate . speech, not whispering, 
lowers the middle frequencies by 12 db without reducing the high 
frequencies at all. A " Hi-Fi " system with only an objectively flat 
frequency response is obviously going to be quite inadequate unless it is. 
possible to ring up the announcer and ask him to speak in a voice 
appropriate to your particular occasion 1 
The second subjective difference occurs due to the difference between 

a microphone and a listen. The microphone can be made to dis-
criminate between two sounds originating from different positions if it 
has suitable directional properties (see Section 31) and these properties 
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can be varied at the will of the engineer, but they cannot be controlled 
by each individual listener. Take the case of three listeners in a large 
conceit hall : one sits at the front near the orchestra and hears a loud, 
clear sound; one sits near the back of the hall and uses all his mental 
concentration to hear the orchestra as clearly as his poor seat will allow; 
the third also sits at the back of the hall, but he is dreaming away listen-
ing to the combined effect of the orchestra plus the reverberation of the 
hall. The three people require three different frequency-response 
curves to take account of the different amount of reverberation and 
distance of which each is conscious. 
The third difference in subjective frequency response occurs because 

the ear of a normal listener has a pitch-loudness relationship which is 
dependent upon the loudness of the sound which is heard. This 
relationship is almost independent of the frequency of stimulus for 
sounds 70 db above the reference level of 0-0002 dynes/sq. cm., but a 
reduction of level of reproduction from 70 to 50 db above reference 
level will reduce the apparent loudness of a 100-c /s stfmulus by about 
10 db. 
In normal domestic surroundings there are many occasions where it 

is not possible to reproduce a large orchestra in such a way that the 
loudness produced at the ear of the listener is the same as it was at the 
original concert when he was sitting in his preferred seat. The difference 
in level may easily be 30 or even 40 db, which is quite enough to give a 
subjective reduction in bass loudness of 15 db, in addition to the overall 
reduction of level. In the case of a reproducing system having a 
frequency response which is measured to be flat by objective means, 
and free from transient distortion, the reproduction will sound very 
thin and unrealistic. In actual present-day practice the reproducer is 
neither flat by objective measurement, nor is it free from transient and 
inter-modulation distortion. The result is that there is a tendency to 
hide the loss of the lower frequencies, which is brought about by 
subjective effects, by superimposed objective faults. 
In the case of the reproduction of speech, in the home, it is customary 

to reproduce it louder than normal, partly because if a word is lost due 
to local noise, it is not possible to ask the news reader to repeat his last 
remark. The result of this increase in the loudness of speech is to 
enhance the loudness of the lower frequencies; in fact, the converse of 
the case with music. It has already been pointed out that there are 
often objective imperfections in present-day equipment, and that many 
of these objective imperfections increase the bass response. Thus there 
is a much greater tendency for the reproducer to show an excess of the 
lower frequencies in speech than the absence of bass in the reproduction 
of soft music. This is particularly true if transient distortion makes the 
reproduction of speech bcsomy ". 

Subjective Signal-to-noise Ratio 

The subjective signal-to-noise ratio may be considerably better than 
the objectively determined value might suggest. This can be due to 
two causes; in one case the signal may " mask " the noise to such a 
degree that the listener is not aware of it: and in the other case the 
reproduced noise is masked by local noise around the listener. The 
mind of the listener is able to make some discrimination between the 
sounds that he wants to hear and the sounds that he wants to ignore. 
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It may be recalled that if a particular sound is expected and the listener 
is waiting to hear it, it is easier to pick it out from other noises than if 
the listener has no knowledge of the kind of sound which may arrive. 

Subjective Transient Distortion 

There is little published work either on the production of subjective 
transient distortion or even of the subjective effects caused by objective 
transient distortion in the reproducing chain. The general effect is one 
of increasing the loudness of those frequencies near the frequency of 
maximum transient distortion. It is very difficult to evaluate this 
effect, because it is the same irregularities in the objective frequency 
response which give rise to the objective transient distortion. 

Subjective Spacial Differences 

The normal listener is presumed to be provided with two ears and a 
mind, which he will employ as he wishes; and let it be remembered that 
the wishes need not be consistent, but can be changed by a mere whim 
of the moment. No microphone can have this particular property, 
and this very limitation may often preclude the attainment of" perfect 
reproduction ". 
'Li the case of the loudspeaker, it is not possible, with a single channel, 

to change the apparent size of the source of sound to match the sounds 
being reproduced; neithe.r is it possible to make the sound appear to 
move about. Attempts to improve this situation have been made by 
means of stereophonic sound; the success which these results have 
achieved, at least under laboratory conditions, is a direct measure of the 
failure of the single-channel system. 

F. H. B. 
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AMPLIFIERS AND PRE-AMPLIFIERS 

Power Amplifiers 

The basic requirements of a high-fidelity amplifier are low harmonic 
and intermodulation distortion, linear frequency response, adequate 
power output, good transient response, low hum and noise level, and 
low output resistance. 

Harmonic Distortion 

Owing to the inherent curvature of valve characteristics, transformer 
limitations, etc., the relationship between the input and output of 
even the best amplifiers is to some extent non-linear. One effect of this 
is harmonic distortion, that is, the production of spurious harmonics to 
the original. For example, if the input voltage is a puro sine-wave of 
100 cis, the output may consist of a fundamental frequency of 100 cis, 
plue some second harmonic of 200 cis, third harmonic of 300 cis and so 
on. The conventional push-pull output stage largely cancels . second 
harmonics, which are usually considered comparatively innocuous, but 
the presence of higher-order harmonics, such as the fifth, seventh and 
ninth, which are not harmoniously related to the fundamental, are 
usually considered objectional even in very small percentages. 
One method of testing an amplifier for harmomc distortion is to use 

a wave analyser, as shown in Fig. 3. The filter is necessary to remove 
any harmonics present in the output from the audio generator. The 
wave analyser is tuned successively to the harmonics of the frequency 
used for the test, usually'400 or 1,000 cis, and the readings are expressed 
as follows: 

.VE23 _1_ E23 Est 
D =    X 100 

VE 21 + E's E's E'd +... 

where D is the percentage of total harmonic distortion, Ei is the ampli-
tude of the fundamental voltage, Es the amplitude of the second-
harmonics distortion, etc. 

Since the higher-order harmomcs are progressively more unpleasant, 
many authorities consider this analysis unrealistic, advocating instead a 
" weighted " distortion factor in which the harmonics are weighted in 
proportion to their harmonic relationship. However, as it is difficult 
to assess their relative unpleasantness objectively, this method is not 
always practicable. 
Where individual harmonic figures are not required, it is more con-

venient to use a distortion-factor meter, which is essentially a bridge 
capable of filtering out a fundamental frequency, thus leaving the 
remaining In--rrnonics to be read'as a total percentage. 

AUDIO 
GENERATOR FILTER 

AMPLIFIER 
WAVE 

ANALYSER 

F G. 3.—W AVE ANAL1SER METHOD or TESTING AMPLIFIER DISTORTIOI‘. 
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Intermodulation Distortion 

Intermodulation distortion is the production of spurious sum and - 
difference frequencies when two or more frequencies are passed through a 
non-linear system. Fig. 4 shows two frequencies, 50 and 1,000 cis, 
applied to two amplifiers. Whilst amplifier A amplifies both frequencies 
without interaction, amplifier B distorts the 50-cis sine-wave in such 
a way that it modulates the higher frequency, forming a series of sum 
and difference frequencies, including 950 and 1,050 cis, 850 and 1,100 cis, 
etc. 

Intermouulation distortion is much more serious than harmonic dis-
tortion because these spurious frequencies are not harmoniously related 
to the original tones, and are nearly always unpleasant to the ear. 
For this reason many authorities consider the intermodulation dis-
tortion rating of an amplifier to Le more important than its percentage 
of harmonic distortion. 
Measurements of intermodulation distortion are made by applying a 

composite signal of high and low frequency to the amplifier, and measur-
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FIG. 5.—INTER3IODULATION DISTORTION MEASUREMENTS ON MODERN 
HIGH-FIDELITY AMPLIFIER. 
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ing the products individually or collectively, as in the case of harmonic 
distortion. The usual frequencies are 40 and 10,000 cis, 70 and 7,000 
cis, or 50 and. 2,500 cis, and the amplitude ratio is nearly always 4: 1., 
The specific value of intermodulation will differ significantly with the 
methad used, and this must be borne in mind when comparing figures. 
A more useful evaluation of intermodulation at high frequencies may be 
obtained by using two signals about 1,000 cis apart and of equal 
amplitude. Fig. 5 shows the performance of a good-quality amplifier 
using both methods. Tho beat-note frequencies are 14 and 15 kc/s 
and 9 and 10 kc/s, whilst the standard Society of Motion Picture and Tele-
vision Engineers (S.M.P.T:E.) frequencies of 40 c/s and 10 kcis at a ratio 
of 4: 1 were also used. 
There is no simple relationship between intermodulation and har-

monic distortion, although they aye both due to the same cause. As a 
general rule, however, the proportion of 3.8: 1, increasing as the ampli-
fier reaches overload point, can be taken as fairly accurate. 

Maximum Permissible Distortion 

A high-fidelity amplifier should have a total harmonic content of not 
more than 0.2 per cent, and the intermodulation distortion should not 
exceed 0.5 per cent at 8-10 watts output. The critical ability of the 
human ear to distinguish distortion depends to a large extent on the 
volume and frequency range being reproduced, but it has been stated 
that an experienced listener can distinguish between an amplifier having 
0.1 per cent and the one having 0.4 per cent total harmonic distortion. 
This may be true in certain circumstances, but it must be remembered 
that the distortion present in the programme material and associated 
equipment is generally- much greater than that contributed by the 
average high-fidelity amplifier. 

Frequency Response 

The frequency response should be substantially flat from 20 to at 
least 20,000 cis. Although the average adult human ear cannot hear 
frequencies beyond 15-20 kc/s, nevertheless, vif the internal band-width 
of an amplifier does not extend up to at least 40 kc/s, transient response 
will suffer and the reproduction will lack " attack ". Further extension 
or the linear frequtincy response is unnecessary and may, indeed, be a 
disadvantage, as any non-linearity in the system will result in distortion, 
owing to the creation of audible combination frequencies. A satis-
factory compromise is usually obtained in practice by " rolling off" 
the response gradually from about 20 kc/s, at a slope of not more than 
6 dB per octave, to 40 kc/s, then increasing the slope to 12 dB per 
octave. 
The frequency response should always be quoted with a reference 

figure, which is usually 1,000 cis. A good amplifier will have a response 
of ± 1 dB from 20 to 20,000 cis, reference 1,000 cis. 
Frequency response is not necessarily identical with power response, 

and it is usual for the response to fall off at each end of the scale at high 
power outputs. If the maximum output, particularly at the bass end, 
is substantially less than at medium frequencies, filters must be inserted 
in the pre-amplifier to reduce the level of these frequencies before they 
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reach the amplifier, otherwise severe intermodulation will occur. 
This is especially noticeable during the reproduction of an organ on 
incorrectly designed equipment, where pedal notes of the order of 16-
30 cis may cause bad distortion even though they may be inaudible in 
the output. 

Power Output 
With a loudspeaker of average efficiency, a 10-12 watt amplifier 

should be adequate for home listening. With an inefficient loudspeaker, 
or with a very large room, it is advisable to specify a larger reserve of 
power, perhaps 20 or 25 watts. The normal average power used under 
domestic conditions is of the order of 250-300 mW, but ample power 
must be available to handle peak transient power with an adequate factor 
of safety. 
Output transformers capable of giving high outputs, particularly 

at the low frequencies, are necessarily expensive, especially if they use 
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FIG. 6 (top left).—BASIC 
ULTRA-LINEAR OUTPUT STAGE. 
FIG. 7 (top right).—A VARIA. 
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grain-orientated strip or "" core; but an amplifier can be no better 
than is output transformer. 

Output Stage 

Most modern high-fidelity amplifiers use the " ultra linear " push-
pull circuit. This is a modified form of the conventional push—pull 
output stage, the tetrode screens being connected to tappings on the 
output transformer to give a mode of operation intermediate between 
tetrodes and triodes (see Fig. 6). This distributed load has a number 
of advantages: less overall feedback is required for a given result, 
thus giving a better margin of stability; reduction of harmonic dis-
tortion (see Fig. 8); greater efficiency (36 per cent as against 27 per 
cent for triodes or triode-connected tetrodes); and much lower peak 
variations in current than are inherent with triode output stages ( this 
can cause serious distortion at peak outputs if the power supply does 
not have an effectively low impedance at audio frequencies). 

It can be seen from Fig. 8 that with a KT66 valve minimum har-
monic distortion is achieved when the common portion of the output. 
transformer primary is approximately 20 per cent of the total winding. 
For the EL34, the common portion of the winding, should be approxi-
mately 43 per cent of the total. 
An alternative system is shown in Fig. 7. In this the common 

portion of the winding is inserted in the cathode circuit, resulting in the 
voltage appearing across that portion being effectively applied to the 
grids as negative feedback. 
One possible line of development is the transformerless output stage. 

Although a number of circuits have been deviged, practical difficulties 
have so far restricted the use of such systems. The circuit of a single. 
ended arrangement which has been used in a commercial record re-
producer is shown in Fig. 9. 

Transient Response 

The total quality of sounds is determined not only 1:iy their harmonic 
content, but also by their attack and delay" times. This is par-
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ticularly true in the case of percussive instruments, which produce 
highly complex waves of short duration. To reproduce transients 
satisfactorily, it is not only important that the amplifier has a wide 
band-width: it must also be free from supersonic oscillations or high-
frequency peaks which cause " ringing ". With amplifiers using a large 
amount of negative feedback, it is vital that the high-frequency re-
sponse is controlled and correct damping applied. 
The usual method of testing is to apply a square or saw-tooth wave 

to the amplifier, the output of which is connected to an oscilloscope and 
a resistive load. Fig. 10 shows typical forms of transient distortion: 

rL 
a 

FIG. 10.—(a) SQUARE WAVE INPUT, (b) OUTPUT SHOWING SEVERE " RINGING 
(0) OUTPUT SHOWING HIGH FREQUENCY ATTENUATION. 

(a) is a square wave input at 10 kc/s, (b) shows severe ringing due to 
incorrect feedback damping, and (c) the result of an attenuated high-. 
frequency response. 

Transient response can also be adversely affected by phase changes 
caused by some forms of tone control or high-pass filters having a steep 
cut or " roll-off ". 

Hum and Noise 

• Figures for hum and noise may be quoted separately, or as a corn-
_ bined figure. It is usual to quote the rated output of an amplifier as a 
reference figure, but a standard output of 1 watt is also used. Hum 
me be due to insufficient smoothing of the power supply, pick up 
from the heater supply (either in the valve itself or in the associated 
wikipg) or from the mains transformer, etc. To avoid the formation of 
loops which would pick up hum from the stray field of the mains trans-
former, it is customary to use a single earthing point or bus-bar. 

Internal valve noise is responsible for most of the hiss heard in a 
high-gain amplifier, although carbon resistors and electrolytic capacitors 
contribute a share. The use of high-stability " low-noise ' resistors in 
the initial, high-gain stage, and of valves designed specifically for this 
application (e.g., EF86, 6BR7 and Z729) enables the noise to be reduced 
to negligible proportions. For example, the EF86 has the grid pins 
diametrically opposite to the heater pins, .and incorporates internal 
shielding between them. 
As high-frequency noise is aperiodic, i.e., not confined to any par-

ticular frequency, its effect is emphasized if the amplifier or loudspeaker 
has a peak or peaks. Similarly, the better the low-frequency response 
of the loudspeaker, the more it will reproduce hum. 
A combined hum and noise level of —90 dB (relative to the full 

output of the amplifier) cannot be heard even quite close to the loud-
speaker, and a level of —60 dB for the amplifier and pre-amplifier is 
satisfactory. 
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Damping 

The ratio of load impedance to internal impedance is usually referred 
to as the damping factor of an amplifier. A damping factor of 30, which 
is a typical figure, means that at the nominal output impedance of 15 
ohms the output resistance would be 0-5 ohm. A high damping factor 
means that a loudspeaker " sees " a very low resistance, which tends to 
damp any tendency of the loudspeaker diaphragm to vibrate at its 
natural frequency. Whereas in theory the higher the damping factor, 
the more efficient the acoustic " brake " becomes, practical tests show 
that any increase of damping factor above about 20 results in little 
further improvement. This is because the resistance of the loudspeaker 
speech coil Win series with the output. 
A variable damping control, having a range from a factor of about 

30 to infinity, at which point the output resistance becomes zero or a 
complete short-circuit, is incorporated in a number of amplifiers. 
Control is achieved by varying the proportions of positive and negative 
feedback in the main feedback loop. 

Advocates of variable damping claim that every loudspeaker has a 
certain critical damping factor, but a good loudspeaker having a well. 
damped enclosure will reflect ve :y little resonance into the electrical 
circuit; certainly too small a one for a critical damping point to be 
determined. In practice, it will be four. 1 difficult to detect any ap-
preciable difference in reproduction as the control is turned from one 
extreme to the other. Nevertheless, variable damping can effect a 
worthwhile improvement when used with an inefficient loudspeaker 
system. 

Negative Feedback 

To say that an amplifier has 20 dB feedback means that the feedback 
loop has reduced the gain by 20 dB, er, 10 times, and, if the amplifier is 
correctly designed, the distortion will have been reduced by a like 
amount. The overall gain of the amplifier has to be increased to com-
pensate for the loss; but this presents no serious problem. Besides 
drastically reducing harmonic and intermodulation distortion, negative 
feedback can also be used to perform the following functions: improve 
frequency response; reduce the output resistance of the amplifier; 
improve the low-frequency characteristics of the output transformer, 
particularly defects due to the non-linear relation between the flux 
and magnetizing force; reduce the effects of noise or random changes of 
the parameters of the amplifier originating within the feedback loop. 
The application of feedback to an amplifier having a high distortion 

factor will merely exchange a high proportion of lower-order harmonics, 
such as the second or third, for a smaller proportion of higher ones, 
which, in practice, may be just as unpleasant. This is due to the feed-
back voltage containing a high proportion of second and third harmonics, 
each in its turn generating its own harmonics (fourth and ninth, etc.). 
Great carr must be taken to ensure that the feedbadk remains negative 
at all frequencies: at high and very high frequencies, reactances cause 
phase-angle displacements, which tend to nullify the negative feedback. 
In extreme cases this may even become positive, causing oscillation 
either inside or outside the band of audible frequencies. 
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FIG. 1 1.—PHASE•SPLITTER AND DRIVER STAGES OF A MODERN POWER 
AMPLIFIER SHOWING USEI Or MULTIPLE FEEDBACK PATHS. 

The most common arrangement is to feed back a portion of output 
from the output transformer secondary to the cathode of the first stage. 
There is, however, a tendency to add further feedback loops between 
stages (see, for example, the design shown in Fig. 11). In one design, 
linearity is improved by feedback loops between the anode and sup-
pressor grids of the output valves. In the design shown in Fig. 11, 
the main feedback is applied to the grid of the first stage. This high. 
impedance injection gives the amplifier an inbuilt high-pass character-
istic to improve stability at sub-audio-frequencies. 

It is important to ensure that the frequency range of the input signal 
applied to a feedback amplifier does not extend in either direction 
beyond the flat frequency range of the amplifier, otherwise the reduced 
feedback may result in an abnormal signal being applied, thus causing 
distortion, although the frequency itself may be inaudible. 

Instability 
One form of instability is an oscillation which takes place during part 

of a cycle only, or is triggered off by a transient. Such phenomena can 
best be detected by means of an oscilloscope, using a square-wave 
input. Th6 stability of an amplifier should not be impaired by the 
connection across its output of a capacitive load of about 2 isF or an 
inductive load of up to 150 mH. 
A tertiary•feedback winding on the output transformer is sometimes 

used to improve the stability factor. This also simplifies the feedback 
network, as this remains independent of the output load. 
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The first stage is directly 
coupled to the phase splitter to 
reduce phase shift at low fre-
quencies. 

Phase Shift 

To reduce phane shift at low frequencies, the first stage is often 
directly coupled to the phase-splitter stage, as shown in Fig. 12. In 
this circuit, there is only one low-frequency time constant (apart from 
the decoupling capacitors) within the feedback loop. The network in 
the anode circuit of the first valve forms a high-frequency " step ", and 
further phase correction is applied by the capacitor connected across 
the feedback resistor. 
In the design shown in Fig. 11 a similar principle for reducing phase 

shift is used, Vi phase splitter stage being cascode connected to a driver 
stage, V2. 

Phase Sputters 

There are three basic phase-splitter circuits in common use: the 
cathode-follower, paraphase and cathode-coupled types. In the 
cathode-follower circuit the inputs for the push-pull output stage are 
derived from the anode and cathode circuits of the phase-splitter 
valve. One disadvantage of this circuit is the different impedance of 
the two outputs. The paraphase circuit is literally a phase-reversal 
system: the input to one output valve is taken direct from the voltage-
amplifying stage, an additional valve being used to provide the out-of-
phase input to the other output valve. By feeding the input to this 
phase-reverser valve via a potential divider, the gain of the stage is 
made unity. The circuit is shown and further discussed in Section 14. 

In both these systems no gain is provided by the phase-splitter stage. 
One advantage of the cathode-coupled phase splitter is that a certain 
amoun., of gain is available from the stage. An ECC83 used in such a 
circuit will provide a stage gain of about 25. Amongst other advantages 
accruing from this, increased use can be made of negative feedback. 
Fig. 12 shows the pre-output stages of a typical high-fidelity amplifier, 
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with an EF86 voltage amplifier followed by an ECC83 cathode-coupled 
phase splitter. The operation of the cathode-coupled phase splitter is 
as follows: A negative pulse at V2A grid produces a positive pulse at 
V2A anode and a negative pulse at V2B cathode (which is coupled to 
V2A cathode). The negative pulse at V2B cathode is equivalent to a 
positive pulse at V2B grid and, hence, a negative pulse at V2B anode. 
V2B grid is capacitively earthed, the 1M resistor connecting the two 
grids ensuring correct D.C. conditions in V2B. The cathode coupling 
resistor, anode-load resistors and grid resistors of the following stage 
should all be high-stability types. 

Pre-ampliflers 

Apart from providing voltage amplification, the main functions of a 
control unit are: selection of inputs (i.e., tape, gramophone, radio 
tuner, etc.); the provision of adequate record-equalising facilities; 
basa- and treble-tone control; filtering; and volume control. In 
addition to these functions, facilities may be provided for' correct im-
pedance matching and attenuation for different pick-ups. 

Equalization 

With the advent of the standard R.I.A.A. recording curve, the pro-
vision of a large selection of equalizing or play-back curves has become 
leas important: most amplifiers provide compensation for three or four 
characteristics only. Resistor and capacitor networks can be tined to 
provide the necessary selective attenuation, but a feedback circuit is 
to be preferred, as the unwanted gain is usefully employed to reduce 
distortion. 

Fig. 13 shows a typical equalization configuration in a feedback loop. 
R1 is the cathode bias resistor of the first valve, and the feedback is 
derived from the anode of the second valve, which in practice may be 
the second half of a double triode. The disadvantage of this system is 
that the cathode of the first valve is not by-passed, the possibilities of 
hum thus being increased. However, by using a balanced heater supply 
biased some 30-40 volte positive (conveniently obtained from the 
cathodes of the amplifier output valves) a hum level of — 60 dB at an 
input of 15 mV is not difficult to achieve. If a higher gain is required, 
it is much more satisfactory to 'insert the loop around the first valve 

FIG. 13.—EQVALIZING CON-
FIGURATION IN A NEGATIVE 

Farnneox Loor. 
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only. Many amplifiers use the arrangement shown in Fig. 14, and it will 
be seen that in this the equalizer input selector switches are combined, 
and that a simple feedback loop is brought into circuit to control the 
gain for microphone and radio inputs. 

Bass and Treble .Controls 

Bass and treble controls are incorporated to enable the listener to 
compensate for room acoustics, studio or recording deficiencies, etc. 
For average use, a lift and cut of 12 dB at 50 cis and 10 kc/s is satisfac-
tory. Although switched, frequency conscious R/C networks were 
once common, the two control systems shown in Figs. 15 and 17 are used 
in most amplifiers today. Fig. 15 is a- passive network, Fig. 17 a feed-
back circuit known as the Baxandall. The passive tone control has the 
effect of rotating the frequency response about a central hinge, usually 

FIG. 15.—PASSIVE TONE CON-
TROL NETWORK. 
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1,000 cis (see Fig. 16), whilst with the Baxandall system the lift and cut 
is initially confined to each end of the scale (see Fig. 18). This moans 
that with the Baxandall system the extrenie low frequencies can be 
lifted appreciably without affecting the response in the region of 300-
500 cis. A further advantage of the Baxandall system is that, as it 
employs negative feedback, distortion is kept to the minimum. Never-
theless, many people prefer the shape of the contours of the treble curves 
in the passive network. 

Loudness Control 

Because the frequency response of the human ear is not only non-
linear, but also varies according to sound pressure, bass boost and, 
to a lesser extent, treble lift are desirable when listening at low-volume 
levels, otherwise the reproduction tends to sound thin and unnatural. 
The Fletcher-Munsen and Robinson-Dadson equal-loudness curves 
indicate the relative intensities necessary to produce sounds of the same 
apparent loudness at different levels. Many pre-amplifiers incorporate 
a separate control to enable both the bass and treble to be increased 
at low levels, the basic arrangement usually adopted being shown in 
Fig. 19. The curves provided by such controls are somewhat of a 
compromise. 

Filters 
In order to avoid distortion produced by radio interference from ad-

jacent transmissions, or on gramophone records due to processing 
defects or wear, it is often necessary to restrict the upper frequency 
response by means of a low-pass filter. Four switched positions, 
giving nominal roll-6ffs between 5 and 12 kcis, are normally provided. 
Either a tuned inductor or a parallel-T circuit is generally used, and, 
provided that they are accurately designed, there is little to choose 
between them. A parallel-T filter circuit is shown in Fig. 21, and an 
ingenious circuit for a continuously variable filter circuit is shown 
in Fig. 22. 
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A worthwhile refinement with a low-pass filter is the inclusion of 
a variable-slope control permitting the rate of attenuation to be varied 
from a gentle slope to a steep cut. A typical control will permit 
variations in slope from 8 to about 35 dB per octave. 
As far as the low-frequency end of the scale is concerned, it is ue-

sirable to fit a high-pass filter to reduce the effects of motor rumble and 
sub-audio-frequencies that may otherwise overload the amplifier. 
This rumble filter should attenuate frequencies below 35 cis at not 
less than 12 dB per octave, and can conveniently be combined with the 
equalizing negative feedback -loop. Sometimes a rumble filter is 
provided that may be -switched in and out of circuit as required: a 
typical arrangement is shown in Fig. 20. 

FIG, 22.—CONTINCOUSLY VARIABLE Low PASS FILTER.. 
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Presence Control 

A presence control is incorporated in some• pre-amplifiers to give a 
rising mid-frequency characteristic, it being usual in this case to provide 
a lift of about 5 dB at 3,000 cis. The control may take the form of an 
MC network which can be switched into, or out of, a negative feedback 
loop. The point of this control is that the ratio of high to low frequencies 
is greater near an orchestra than farther away, where reverberation 
and absorption influence the sound heard. The effect of the presence 
control is to simulate the sound nearer the orchestra, providing a more 
accurate curve than can be had from the normal tone controls. 

Output 
A refinement found in some of the more elaborate pre-amplifiers is a 

cathode-follower output stage which, because of its low output im-
pedance, allows long connecting cables to be used without causing undue 
high-frequency losses, and, incidentally, minimizes the risk of hum 
pick-up. 

Distortioli 
Due to te difficulties encountered when making distortion measure-

ments at the low levels involved in the case of pre-amplifiers, distortion 
figures am often quoted for the pre-amplifier and power amplifier 
together. A well-designed pm-amplifier should not contribute more 
than 0.1 per cent total harmonic distortion to the maximum rated output 
of the two. 

STEREOPHONIC SOUND 

• However high the quality of a single-channel, monophonic system, 
as the only dimension that it can reproduce is depth, it lacks perspective. 
The object. of stereophonic sound systems is to overcome this limitation. 
There is, however, still some doubt as to the exact mechanism by which 
our ears determine position, and experimental work on this subject 
continues. 

Localization in Azimuth 
At first sight it would appear that side-to-side location is effected by 

the difference in intensity at the two ears. This, however, is not 
entirely true of frequencies below about 700 cis, as the difference in 
intensity between the signals received at the two ears at such frequencies 
is so small as to be negligible. Early experiments suggested that at low 
frequencies location in azimuth is achieved by phase differences, whilst. 
at high frequencies intensity differences are the impetant factor. The 
conception grew out of later experiments that the important factor is 
time difference at the ears rather than phase difference. This theory 
permits the effect to be of importance at high as well as low frequencies, 
the differer.ce between time and phase being of purely academic interest 
at low frequencies, but of major importance at high frequencies, where 
phase is random. The general conclusion is that at frequencies below 
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1,000-1,200 cis, localization in azimuth is achieved by observation of 
the phase or time difference at the two ears, whilst at high frequencies 
the ears work on time difference assisted to some degree by intensity 
differences. 

Localization in Zenith 
There seems to be little dcubt that the important factor in vertica 

localization is head movement. As intensity differences become quite 
sharp at high frequencies, they appear to help in making vertical 
direction finding possible with the minimum of head movement. 

Judgment of Distance 
Evidence suggests that, in free space conditions, previous experience 

of a sound is required to make even a guess at distance. In enclosed 
spaces the necessary indication would seem to lie in the ratio between 
direct and reverberated sound. However, this appears to be true only 
for sounds of a transient nature. A further clue to the distance between 
the sound source and the observer appears to be given by the quality 
of the received sound: judgment of this also requires previous experi-
ence of the sound at other distances. 

Basic Methods of Stereophonic Reproduction 

A pair of microphones clamped to eithei side of a dummy head et the 
sound source, and wired separately to a pair of headphones worn by 
the listener, will provide the listener with stereophonic sound. To 
provide the sound reproduetion via loudspeakers, however, adds the 
complication that the list )ner will receive at each ear a certain amount 
of the sound from each loudspoaker used. Two main approaches to 
overcoming this difficulty have I- .3en employed. in practice, the Bell 
" Wavefront" system and the L.M.I. " stereosonic" system. The 
first is the basis of the various systems used in cinemas, the second is the 
dual-channel system introduced for domestic tape equipment, and 
more recently adapted for disc recording. 

" Wavelront " System 
If one considers a " curtain " of an infinite number of microphones 

connected by an infinite number of channels to an infinite number of 
loudspeakers in a curtain, any sound wavefront striking the microphones 
will be reproduced by the loudspeakers, and a listener in front of the 
sound-reproducing curtain will hear a reproduction containing all the 
information necessary for him to have a perfect sound picture of the 
original sound source. Now for the reproduction of music or plays all 
that is really necessary is location in the horizontal plane, and therefore 
the " cm-tain " of microphones and loudspeakers may be replaced by a 
line of microphones and loudspeakers. Experiments using a line of 
three microphones feeding, via three amplifiers, a line of three loud-
speakers, showed that this arrangement will give quite accurate localiza-
tion in azimuth and slightly less accurate localization in depth. The 
stereophonic sound tracks used in present-day films are generally 
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based on this system, usually having three channels carrying the main 
programme and feeding three loudspeakers behind the screen, a fourth 
channel carrying " effects " and feeding loudspeakers placed at intervals 
round the auditorium. 

This " wavefront " system requires three or more channels, and is 
therefore not generally regarded as an economic proposition for domestic 
sound-reproducing equipment. 

" Stereosonic" System 

This system is based on the work of A. D. Blumlein, in 1929. Al-
though devised so long ago, the system was not a commercial proposition 
until recently because of the lack of a suitable material on which to 
record the signals. The two channels used in this system may, however, 
be complex-cut in the groove of ,the modern plastics long-playing record, 
or recorded on the two tracks of current magnetic tape. 
The recordings are made in such a manner that when reproduced 

on a dual-channel reproducer the loudspeakers are fed with correct 
relative amplitude signals at all frequencies, in order to produce at the 
listener's ears the same vector sound pressures as would have been heard 
by direct listening in a corresponding position in front of the sound 
source. 
Under normal listening conditions the loudspeaker spacing will be 

less than the width of the original sound source: the angle subtended 
by the sound image at the listener can, however, be the same as that 
subtended by the original sound source at the best spot for listening in 
the recording studio. 
The effects of listening-room reverberation can usually be ignored as 

the reverberation time of most domestic rooms is small compared with 
that of large recording studios and concert halle, and therefore the 
information about distance provided by reverberation is not sub-
stantially modified by the listening room. 

Blumlein's work was based on his idea that the main factor in locat-
ing a source of sound was the difference in arrival time of the sound at 
the two ears. In the system he devised, the outputs of two micro-
phones, placed close together, have their phase differences converted to 
amplitude differences, the resultant signals being fed to two loudspeakers 
spaced widely apart. If the relationship between phase and amplitude 
differences is correctly proportioned, a listener sitting in front of the 
loudspeakers will receive sound pressure at his ears with a similar 
difference in phase to those he would have received had he been in 
front of the original sound source. 

Stereophonic Recording 

One arrangement for making recordings with this system is shown in 
Fig. 23. It consists of a pair of velocity microphones, with their 
axes of maximum response at right angles; the outputs from these 
are passed through sum and differences transformers, the difference 
channel having a loss of 3 dB inserted at all frequencies above 700 cfs 
by the " shuffier " to allow for the different method of localization in 
azimuth at the higher frequencies. The resultant voltages, after passing 
through a further set of sum and difference transformers, are used as 
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inputs to two identical recording amplifiers. The fader consists of two 
controls accurately matched to control the general level of the complete 
recording. The spreader is a differential attenuator used to modify 
the apparent angle of the reproduced sound, and is used in several 
ways. For example, if the microphone has to be positioned at some 
distance from an orchestra the result will be an apparent reduction in 
the stage width; this can be corrected by attenuating the sum charme 
in relation to the difference channel. Further information on stereo 
phonic recording is given in Section 34. 

Stereophonic Reproduction 

block, schematic diagram of a stereophonic reproducer is shown in 
Fig. 24. In this, the stereophonic input is from a tape recording via a 
dual head, but the input may, of course, equally be from gramophone 
record via a stereophonic pick-up. The gains of each channel thou Id 
be kept within a decibel at all settings of the volume and tone controls, 
and phase shifts at frequencies below 1 kern have to be carefully con-
trolled. The balance control is provided to enable the gain of the 
two channels to be varied differentially over a small range, so that 
electrical correction can be made, for acoustic unbalance in a room. 
Acoustic unbalance would cause lateral shift of the sound image, and 

3 A 
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correction is made by raising the gain of one channel relative to the 
other. A balance-control circuit is shown in Fig. 25. The total 
differential range is 18 dB, with a loss of 1 dB when the control is at its 
mid-position. 
The loudspeakers for reproduction should not be any closer than 

5 ft. apart. 
The listener should not sit closer to one loudspeaker than half the 

distance between the two loudspeakers. 
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Stereophonic Discs 

A dual-channel system with thé recording in a single groove may be 
achieved by using hill-and-dale (vertical displacements) recording for 
one channel and lateral (horizontal displacements) for thé other. This 
is known as the " L/V " system. In practice, a system is used whereby 
the planes of the two modulations are at 45° to the surface of the disc 
(and 90° to one another). This is known as the " 45/45 system ". 
The reproduction pick-up may be arranged so that one set of movements 
are sensed by one transducer, the other set of movements being sensed 
by a second transducer. With the two channels at 90° to each other, 
'there is little interaction between them. 

The basic principle of the " 45/45 " system is shown in Fig. 26. 
The displacements of the recording cutter-stylus, under the influence of 
the two channels being recorded, results in a combined movement which 
changes the position of the stylus tip in both vertical and lateral planes. 

If exactly the same signal (in both intensity and phase) is fed from 
both channels, the vertical movements will cancel out, leaving only the 
horizontal movement. Thus the records cut in this way can in theory 
be played on monophonic equipment. In practice, differences in the 
stylus size, etc., for monophonic and stereophonic reproduction pre-
clude this. If, on the other hand, the phase of the signals being re-
corded differs by exactly 180°, and the signals are of the same amplitude, 
then the horizontal movement cancels out, leaving a vertical movement. 
In stereophonic recording there will normally be a difference in either 
phase or amplitude or both between the signals received from the two 
microphones. With the two microphdnes receiving the two sets of 
signals differing slightly in phase and amplitude, the tip of the stylus 
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may at any instant be to the left or right, or above or below its position 
of no modulation. • 

Advantages of the 45/45 system over the LIV system are that it is less 
affected by the vertical component produced by the motor rumble, as in 
the 45/45 system it affects both channels equally, and that each channel 
is similarly affected by tracing distortion. 
The recommended stylus tip for stereophonic reproduction is 0.0005-

0.0006 in. ( 12.5-15 FL, though in practice tips up to 0.00075 in. are used). 
A fine stylus is required because the grooves vary in width and depth 
(see Fig. 26), and, at the limit of vertical displacement, the groove may 
be about half the depth and width of a single-channel micro-groove 

disc. 
• The recording characteristic for stereophonic reccirding is similar 

to the R.I.A.A. curve. 
Information on pick-ups for stereophonic reproduction is given 

in Section 31. 

SOUND AMPLIFICATION AND DISTRIBUTION 

Sound amplification and distribution equipmerit is used for the 
purpose of communicating information and entertainment either 
simultaneously to a large number of people or over an area greater than 
would otherwise be possible. This may have the purpose of sound-
reinforcement—i.e., where the audience is within visual and partial 
audible range of the programme source—or for the convenience of 
distribution over a large area, as with overflow meetings, intercom-
munication systems, hotel paging and similar installations. But 
although the equipment may vary greatly in power-handling 
capabilities, all installations comprise the same basic elements: ( 1) a 
transducer. for converting the programme source into electrical impulses 
i.e., microphone, gramophone pick-up, radio receiver or tone oscillator; 
(2) an amplifier whose gain and maximum output will be governed by 
the requirements of the particular installation; (3) loudspeaker(s). 
Also to be considered are the planning and location of the eqiiipment, 
the interconnection wiring between the three units, the system of control 
and, for more elaborate installations, the problems of monitoring. 

Although the theoretical aspects of sound distribution are receiving 
increasing attention, in practice empirical methods are still widely used 
for the determination of acoustic and electrical power requirements, and 
for the siting of loudspeakers. This is in part because of the wide range 
of acoustic conditions and defects--reverberation, echo, resonances, 
noise levels and dead spots—found in buildings other than those 
designed specifically with these problems in mind, and in part owing 
to the ease with which the output of an amplifier is controllable over a 
wide range, rendering it unnecessary to make close calculations as to 

power requirements. 
Typical power requirements (due to Pamphonic Reproducers Ltd.) 

are given in Tabler 1. It should, however, he borne in mind that horn 
loudspeakers are, for example, from three to five times as efficient as 

cabinet-types. 
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TABLE 1.—TYPICAL POWER REQUIREMENTS 

Location Size Noise Level Watts 

Office . 
Assembly shop . . 
Machine shop . 
Theatre (music) 
Theatre (sound effects) 
Church . . . 
Railway terminal . 

20 ft. X 20 ft. 
100 ft. x 40 ft. 
100 ft. x 40 ft. 
800 people 
800 people • 
100 people 
10 platforms 

Quiet 9 % 

Medium 25 
Very high 80-150 

— 80 
— 80-250 

Quiet to medium 80 
High 500-1000 

For many applications, an average of roughly 1 acoustic watt for 
each 100 sq. ft. of floor space is adequate; this is equivalent to about 
2 electrical watts per 1,000 sq. ft., assuming a loudspeaker efficiency of 
the order of 50 per cent. 
Recommendations as to the frequency range of amplifiers and loud-

speakers are contained in the British Standard Code of Practice on 
Sound Distribution Systems (CP: 327.300: 1952). In this, quality 
of aural results is divided into two categories " A " and " B ".. " A " 
is considered desirable where the quality of reproduction should not be 
readily distinguishable from, the original, and is likely to be achieved 
only where the acoustic properties of the surroundings are suitable—a 
frequency range of 50-7,000 c/s is suggested. " B " quality is for 
applications where fidelity is not all-important but where the prime 
consideration is intelligibility—the suggested range is 100-4,000 c/s, 
with the proviso that in noisy and/or reverberant locations the lower 
limit of 100 c/s can be raised with advantage. Some authorities con-
sidei that an acceptable range for speech reproduction is 300-3,000 c/s. 
Where long runs of loudspeaker cables are required, the attenuation 

of the higher audio frequencies caused by cable capacitance may need 
consideration. For " A " quality installations capacitance losses can be 
reduced by limiting audio line voltage to 50 volts; this may be raised to 
120 volts for " B " installations. 
For permanent installations, where the operation and day-to-day 

maintenance may be in the hands of persons unskilled in electronics, it 
is highly advantageous for all components and valves to be run well 
within their rated values, al.d for adequate metering to be included to 
facilitate the clearing of simple faults. The selection of dry, clean sites 
for equipment, the provision of adequate ventilation and the establish-
ment of a regular maintenanec 6chedule—to be carried out by engineers 
with a specialized knowledge of the equipment—will also assist in 
securing reliable service. A running log book in which interruptions 
to service aro entered should be kept. 

J. A. R. 
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DELAYED SOUND REINFORCEMENT 

Where a large area has to be covered, with the sound emerging from 
more than one loudspeaker, the listener—owing to the relatively low 
velocity of sound—may hear each syllable a number of times: first, 
from the loudspeaker nearest to him, and then as a series of echoes from 
other loudspeakers or from the original source of the sound. However, 
if a delay can be introduced so that the sound emerges from each loud-
speaker at approximately the same instant that the sound from the 
original source (and from any loudspeakers nearer to the source than 
the one under consideration) reaches the loudspeaker position, then the 
distortion due to the receipt of multiple signals will be eliminated. 
For each 59 ft. between the source, and a particular loudspeaker, it will 
be necessary to introduce a delay of approximately 0-045 second. 
The practical methods of achieving delay are shown in Figs. 27 and 28. 

Fig. 27 shows the use of a delay tube in a theatre: the output from one 
loudspeaker is passed through a specially prepared tube at the far end 
of which is placed a microphone feeding a further amplifier; distortion 
introduced by the tube can be overcome by means of compensating 
circuits. 

Fig. 28 shows a method of achieving aelay by means of a contin-
uously rotating turntable with magnetic recording material around its 
circumference. The output from the microphone is first amplified by 
a recording amplifier, the output of which passes to a recording head. 
A number of play-back heads pick up the recorded sound after a delay 
depending upon the speed of the turntable and the spacing of the heads. 
This spacing can be adjusted when the system is installed. After 
passing all play-back heads the magnetic material passes a continuously-
functioning erase head, and is then ready for a further sequence of 
recording and play-back. The output from éach play-back head is fed 
to a separate power amplifier feeding loudspeakers at a fixed distance 
from the source of the sound. For reverberant buildings, the delay 
mechanism may be used in conjunction with loudspeaker columns 
designed so that the sound is emitted in a beam which is wide in tile 
horizontal plane (about 120°) and narrow in the vertical plane (the 
vertical beam angle for —8 db with reference to the axis may be as 
little as 10°). 
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Fie 27 —BLOCS DIAGRAM OF THE B.T.H. SOUND DELAY SYSTEM. 
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28.—MAGNETIC DELAY MECHANISM. 
Points A-E are adjustments for installation. 

(Pamphonic Reproducers, Ltd.) 

WIRING AND CABLES 

For light flexible use, a good-quality twin-feeder television cable will 
be satisfactory for microphones. 

Stout cable to withstand rougher use is made by the principle cable 
manufacturers, and should be twin, twisted, braided, with an outer 
protective covering. 
For permanent installations 10 or 20 lb. cable, twin twisted lead-

covered cable should be run in conduit. 
Microphone and input circuits require efficient screening to avoid 

hum pick-up and audio-frequency feedback: it is usual to specify lead-
covered twin cables. These cables should not be run within about 6 in. 
or so of any power, loudspeaker or telephone circuits. 
Gauge of cable for loudspeaker wiring is decided by the load to be 

carried: V.I.R. or T.R.S. of gauge 3/0-029 or 3/0-036 will suit most 
purposes. 

Since the output circuits customarily operate at 100 volts r.m.s., 
wiring contractors should treat such wiring as medium voltage power 
circuits, and provide insulation equivalent to 250-volt C.M.A. cables. 
Special cables for this purpose are available. 
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LINE SOURCE LOUDSPEAKERS 

Line source loudspeakers comprise a column of loudspeaker units 
arranged to obtain a directional effect in the sound radiated, so that the 
sound is directed at an audience in one flat, fan-shaped beam: (Fig. 29.) 
Advantages of this system for public address and sound distribution 
work are: ( 1) Considerable power economy is possible owing to the 
concentration of the acoustic output into the desired area. (2) Owing 

29.--SHOV7ING TEE FAN-911APED Drs. 
TRIBUTTON PATTERN NY A. LINE SOURCE 

COLUMN. 
(Pamphonic•Reproduccrs Ltd.) 

to the way the sound intensity varies vertically, through the beam, it is 
possible to " throw " sound much farther than with a single loudspeaker 
source without it being unduly loud close to the column. (3) Reverbera-
tion effects, caused by randomly-timed echoes from boundary surfaces, 
are much diminished since very little. sound is radiated into the rever-
berant upper parts of buildings. 

For outdoor uso, the beam angles can be made much smaller than 
for the corresponding indoor columns, hence the power gain and range 
are both greater; these columns have much greater power handling 
capacity. Under ideal conditions, the range of an 11 ft column could 
be about 500 yards. 
The units of one manufacturer have a horizontal coverage of about 

120'; the vertical beam angle (V) for —6 dB with reference to the axis 
varies from about 16° for a 6 ft. indoor column to as little as 7° for an 
11 ft. outdoor column. The 6 ft. indoor column is rated at 5 watts 
input power and the 8 ft. 6 in. and .11 ft. columns aro rated at 10 watts. 
Rated powers for the outdoor columns are: 6 ft. 40 watts; 8 ft. 6 in. 57 
watts; 11 ft. 75 watts. 
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38. MEASURING INSTRUMENTS AND TEST 
EQUIPMENTS 

MEASURING INSTRUMENTS 

General Considerations, Forces and Accuracies 

Measuring instruments of the " meter " variety used in the radio 
profession, with the, exception of those in high-powered transmitters, 
are generally confined to the " small normal " and " miniature " sizes. 
Their scale arcs are usually 100-110°, or 80° in the lower-grade 
instruments. 
The primary consideration of an indicating instrument is the low value 

of electrical power it absorbs from the circuit being metered. This 
necessitates a high ratio of mechanical torque exercised on the spindle to 
weight of the moving parts. Frictional resistance of the bearings is 
reduced to negligible proportions by the use uf hardened and highly 
polished steel and/or sprung jewels. Further accuracy is achieved in 
some instruments by the use of an " anti-parallax mirror" mounted 
behind the indicating pointer. In these cases the pointer and its 
reflection should be aligned when taking a reading. 
To attain a low electrical power consumption, a low value of operating 

current through the basic movement is normally desirable. Hence, 
the lower the value of current required to effect FuxL-scei.E DEFLECTION 
(F.S.D.) of the indicating pointer, the moro versatile becomes the basic 
movement around which the - concerned meter is constructed. Inci-
dentally, this results in a more expensive unit. From the viewpoint 
of minimum power consumption there are two simple rules, these being: 

(1) A current-measuring 'device must be wired in series with the 
metered circuit, and should thus have low resistance in order that 
it does not produCe appreciable voltage-drops. 

(2) A voltage-measuring device must have a high value of 
resistance, at it is wired in parallel with the circuit or part thereof 
being metered. The extra current demanded from the metered 
supply is us kept to a minimum. 

Both considerations involve a low value of electrical power" wasted" 
in the meter, these objects be;ng attained" in ( 1) by the low voltage-drop 
(E) across the current-recording instrument and in (2) by the low value 
of bleeder current (I) in te voltage-indicator. 
Four forces operate on the spindle carrying the pointer, these being 

the actuating force, a damping force, mechanical friction and a restoring 
force. 
The actuating force is provided electrically by the metered circuit in 

the form of ampere-turns, electrostatic attraction and the like. This 
actuates the pointer, tending to drive it up the scale by imparting 
angular movement. The damping force or " control torque" operates 
against the actuating force, compelling the pointer to assume its indicat-

. 38-2 
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FIG. I.—SPRING CONTROL. 

ing position of rest without violent oscillation. Two general methods of 
achieving this are in use, these being 

(1) By generation of eddy currents in the metallic former on 
which the actuating coil is wound, or in an aluminium plate fixed 
to the pointer and operating in the field of a permanent magnet. 
By Lenz' Law, the magnetic flux produced by the eddy currents 
opposes that of the actuating current, while by Faraday's Law its 
magnitude increases with the rapidity of the pointer movement; 
hence proportional damping is effected. 

(2) By the braking action of a light piston or vane acting in a 
practically closed air chamber. 

Tho restoring force returns the pointer to the " zero " position on 
removal of the actuating force, and may also be provided by one of two 
metheds, these being: 

(1) By the action of a flat, concentric spring, as shown in Fig. 1. 
Sometimes two oppositely wound springs positioned on either side 
of the pointer-bearing shaft are used, these being self-compensating 
should temperature variations affect them. This is further 
minimized by using phosphor-bronze springs, as this material has 
a lower linear coefficient of expansion than spring steel. Further-
more, it is non-magnetic. The springs usually act as lead-in and 
lead-out wires to the actuating coil. 

(2) By gravity control. In this system a small balance weight 
is attached to the lower extension of the pointer, this sometimes 
being adjustable by threaded-pendulum operation. This is 
usually employed only in vertically mounted instruments of the 
cheaper variety. 

An eccentrically mounted fine wire fixed to a screwdriver-adjusted 
threaded bolt, and operating in an inverted U-stub on the lower 
extremity of the pointer, provides final zero-correction. 

Voltage-indicating instruments and current indicating instruments 
are graded according to their maximum permissible rated inaccuracies 
as shown in Table 1: 

TABLE 1.—GRADING or VOLTAGE- AND L. CIRRENT-iNDICATING 
INSTRUMENT 

Grading 
Max. Permissible 
Inaccuracy (%) 

1 
2 
3 
4 

Sub-standard 
1st grade 
2nd grade 
Ungraded 

Within 0-2 
Within 1 
Within 2 
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The sub-standard limit applies to full-scale deflection values, whilst 
other standards are concerned with half-scale readings. 
The comparable penaissible inaccuracies for wattmeters are 2-5 times 

those shown in tue table 

Galvanometers 

The function of a galvanometer is to detect minute currents, the values 
of which may be considerably less than 1 A. Several entirely different 
types may be met, these being designed chiefly for laboratory use. 
Fig. 2 shows the general design and construction of the more common 
type, which operates on the " moving-coil" (MC) principle. The 
magnetic field is concentrated in the air-gap between the pole faces of 
the permanent magnet by the soft iron core (S1C). This also provides a 
uniform and truly radial magnetic field in which the moving coil 
operates. The permanent magnet is aged by a special process to ensure 

Fm. 2.—GALVANOMETER. 

constancy of flux throughout its life. The moving coil is wound with 
fine-gauge, insulated wire on a light, aluminium former, which is pivoted 
in sprung jewel bearings. The large number of turne provides the 
necessary ampere-turns for high sensitivity, another contributory 
factor to this being the small air-gap, which may be of the order of 
0-05 in. The energizing current is fed to the moving coil via oppositely 
wound control springs. The actuating force is provided by motor 
action between the permanent field and the magnetic field established 
around the moving coil by the energizing current. The resultant torque 

is given by BINAio  dynes, where B. -= flux density, I = actuating current, 

N --- number of turns on the moving coil and A = cross-sectional area 
of the moving coil. 
Damping is effected by the decelerating action between the magnetic 

poles associated with the eddy currents induced into the coil former 
and those of the permanent field, this increasing with the speed of the 
pointer deflection. 

Errors due to external magnetic fields are eliminated by enclosing 
the actuating section in a mumetal screen. As the torque varies with 
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the value of actuating current, the pointer deflections are linear, hence 
the calibrations have equally spaced increments. 
With low-grade galvanometers, such as that shown in Fig. '2, full-

scale deflection values of 20 µA or so are possible. The centre-zero 
permits double-reading, as the pointer is permitted to swing in either 
direction according to the direction of the energizing current. This is 
useful for determining the direction of the current being detected. 

Moving-coil Instruments 

In general principles, a moving-coil basic movement is merely a more 
robust version of the galvanometer already described. Consequently, 
higher full-scale deflection valueS of current result, these ranging down 
to a minimum of 100 µA or so. 
In spite of its somewhat high cost, this type of meter is the most used 

of any in radio engineering. It may be constructed double-reading or 
single-reading. As a reversal of the energizing current results in a 

3.—MOVING-IRON INSTRUMENT, 
ATTRACTION TYPE. 

reversal of the actuating torque, it can be used only on a D.C. supply, 
and care must be exercised to observe the current polarity to its ter-
minals. In its favour are a high degree of accuracy, the linear scale and 
negligible interference from external fields. 
The volt-drop developed across the basic movement of high-quality 

instruments at full-scale reading should be as low as 50 mV or so. 

Moving-iron Instruments 

These movements are used in the cheaper grades of battery testers 
and in certain panel-mounted instruments operating from A.C. supplies. 
Two general types . in use—the attraction type and the repulsion 
type. Both operate on the principle of magnetic induction, i.e., that 
a piece of soft iron becomes magnetized when subjected to a magnetic 
field flux, this resulting in attraction between it and any other pole of 
opposite polarity or repulsion between it and any other pole of similar 
polarity. 

Fig. 3 shows the general construction of an attraction type of move-
ment. The actuaticg current passes through the fixed coil C, the 
associated flux inducing magnetism into the lightly suspended " moving 
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iron " 11.I.) such that its polarity is opposite to that of the energizing 
cuerent. Attraction thus takes place between the two fields, this 
causing the moving iron to swing into the core of C and operate the 
pointer. As both magnetic fields are proportional -to the value of 
actuating current, the resultant attraction, which provides the driving 
torque, is proportional to /2. The scale-calibrations are therefore 
cramped to the left and extended to the right, this being termed SQUALLS 
LAW. Partial alleviation is achieved in some models by designing the 
actual physical bulk of the moving iron so that it becomes saturated 
magnetically- at moderately low values of energizing current. By this 
means, good-quality moving-iron instruments Ere available, with 
some cramping over the first 10 per cent of scale, but almost linear over 
the remainder. 

Fig. 4 shows the general construction of a repulsion type of moving-
iron meter. Two pieces of soft iron are used, one being fixed (F) 
and the other moving (M), this being attached to the pointer-bearing-
shaft and carefully balanced. The flux associated with the energizing 
current flowing through the coil C induces magnetism of similar 
polarities into both fixed and moving irons, hence repulsion ensues. 
M thus moves away from F to operate the pointer. No arrangements 
are made in this type for swinging either of the irons near saturation. 
The effect of reversing the direction of energizing current is the same 

i:. both types, i.e., both concerned fluxes become reversed in polarity, 
so attraction still takes place in the attraction type or repulsion in the 
repulsion type. Hence both types are UNIVERSAL, i.e., they will operate 
on A.C. or D.C. supplies alike. Actually they are more accurate on 
A.0 supplies, as the use of special nickel—iron alloy reduces hysteresis 
errors to a negligible degree. Other points in favour of moving-iron 
instruments aro cheapness and robustness. 
In its disfavour are the low degrees of accuracy, high values of full-scale-

deflection current and susceptibility to errors caused by external fields, 
as the operating field is weak. A frequency error is introduced by the 
reactance of the meter coil and by induced eddy currents in metalwork 
near the working section of the meter. In older designs hysteresis in 
the soft iron results in higher readings with descending values of 
actuating current than with ascending values. 

SECTIONALISED C 

FM. 4.—MOVING-IRON IN-
STRUMENT, REPULSION TYPE. 

FIG. 5.—HOT-WIRE 
AMMETER. 
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Rot-wire Ammeter 

This instrument operates on the expansion principle of a wire under 
heat treatment. Fig. 5 shows the essential components of a hot-wire 
assembly. AB is a " heater wire '• through which the energizing current 
is passed. It has a high coefficient of expansion, a high melting point 
and a moderately high resistance (in comparison to its length). The 
heater wire expands due to the heating effect (PR) of the actuating 
current, the resultant sag being taken up by a silk cord SC which 
passes around a pulley P, this carrying the pointer. The ;eat developed 
in AB is isolated from the tautening cord SC by a phosphor-bronze 
wire MN. The cord thus maintains a constant length whilst its tension 
is held steady by the spring S. This causes the pulley to rotate and 
turns the pointer up the scab , when the heater wire expands. 
As the expansion of AB is proportional to P and not to I, the scale 

calibrations are square law. The action is inherently sluggish, and 
damping is not often employed, although some of the better-class 
instruments are equipped with light metal vanes swinging in a magnetic 
field. The primary consideration of this arrangement is to avoid rapid 
pointer movements which would throw excessive strain on the heater 
wire. Variations in ambient temperature necessitate frequent zero-
adjustment. Full-scale deflection current is arranged to take the heater 
wire almost to its melting point, so even a short overload may fuse it. 
Hot-wire ammeters are " universal ", but errors occur on A.C. if 

the waveform is not sinusoidal. At higher frequencies (radio fre-
quencies), skin effect introduces a more serious error. Losses are high 
compared with moving-coil or moving-iron types, and due to the degree 
of heating required to effect heater expansion full-scale-deflection values 
below 0-5 amperes are rare. 

For radio frequencies, this type of instrument has been virtually 
superseded by the thermo-junction type. 

Rectifier Instruments 

These were developed due to the need for greater accuracy on alternat-
ing supplies than that generally attained with moving-iron instruments. 
Step-down transformation is customary with suitable interpolation of 
the scalar calibrations. Small " instrument-type " metal rectifiers of 
the copper oxide or selenium variety are connected in a full-wave 
" bridge " arrangement as shown in Fig. 6. The full and dotted arrows 
indicate the alternate half-cycle movements of current flow, and as 
these both pass through the moving-coil basic movement in the same 
direction, D.C. operation ensues. 

FIG. 6.—FtEcTmEn INSTRUMENTS. 

The Full and Dotted Arrows Indicate 
the Directions of the Current Flow 
on Alternate half-cycles. 
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When used at radio frequencies, care must be exercised to minimize 
the distributed capacitances. Errors are incurred 'if the applied 
waveform is not pure sinusoidal, as the recorded deflection current must 
then be multiplied by,.the form factor to provide the true R.M.8: value. 

Rectifier instruments are chiefly used ir the recording of small current-
values. Shunting for higher full-scale-deflection recordings is not a 
practical proposition, as the rectifier resik -ance decreasei with the input 
amplitude, this also producing a waveform error. 

Thermo-junction Instruments 

Basically, a thermo-junction instrument consists of a moving-coil 
millivoltmeter connected across the contact faces of a THERMO-COUPLE, 
the action of which is as follows: If the junction of two series-connected 
dissimilar metals is heated, there is a potential difference présent 
between the contact faces. The accurate and highly-sensitive milli-
voltmeter is connected to the dissimilar metals and records the potential 
difference, the scale calibrations beirg suitably interpolated in terms of 
current or higher ranges of voltage. 
, The actuating current operates on a heater element positioned near 
the metals-junction. Suitable metals are nickel, silver, eureka, zinc, 
iron, bismuth, antimony, tellurium, etc. Iron and eureka are popular 
in view of the ease with which they are spot-welded. The thermo-metals 
may be housed in airtight holders, and to increase sensitivity several 
couples may be wired in series. 
The errors in thermo-ammeters at radio frequencies are lower than in 

the hot-wire types, and the overload capacity is higher. The action is 
sluggish, and readings over the first 20 per cent of scale are unreliable, 
but the accuracy over the remainder of the scale is higher than in hot-
wire types. Full-scale-deflection values of current range down to 0.3 
ampere or so. 

Electrostatic Voltmeter 

This meter is essentially confined to the measurement of high 
voltages, although laboratory models are available which will register 
as low as 50 vets with fair accuracy. 
The principia on which these meters function is the electrostatic 

CROSS SECTION PLAN VIEW 

FIG. 7.—ELECTROSTATIC VOLTMETER. 
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FIG. 8.—METER SHUNTING. 
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attraction existing between two oppositely charged metal plates in near 
proximity. To increase the sensitivity, it is customary to use two sets 
of interleaving plates carefully insulated from each other and from the 
frame. The assembly is somewhat similar in construction to a variable 
capacitor, as can be seen from the sectionalized and plan views shown in 
Fig. 7. One set of plates (F) is rigidly fixed, whilst the other (M) is 
lightly balanced and rides in jewelled bearings, this set carrying the 
pointer. Universal operation (A.C. or D.C.) ensues. 

Theoretically, it has a linear scale, as the defleCting force provided 
by the electrostatic attraction between the plates is directly propor-
tional to the actuating voltage, but a cramped effect is noticeable at 
low readings, due to the torque necessary for overcoming the initial 
friction of the bearings. 
The chief merit of the system is the extremely low value of operating 

• power, this being virtually zero on D.C. supplies and negligible on A.C. 
supplies. External fields cause no ill effects on the meter action. 

Over-readings can be catered for by tapping the meter into a capaci-
tance potentiometer. Excessive power consumption rules out resistance 
potentiometers. 

Meter Conversion 

Current-reading Conversion 
The actuating coil of a sensitive basic movement, such as a moving-

coil unit, is wound with fine-gauge enamelled wire to provide the 
necessary ampere-turns. As the temperature coefficient of expansion 
is moderately high in the case of copper, errors occur with varying 
ambient temperatures. These may be as high as 0.4 per cent per degree 
rise in room temperature. This is minimized in many designs by the 
incorporation of a SWAMPING RESISTOR of about four times the coil 
resistance and wired permanently in series with it. The swamping 
resistor is constructed from low-temperature-coefficient metal, such as 
eureka or manganin, so that the total percentage cha.,ge in meter 
resistance with temperature variations is considerably reduced. This 
precaution is not necessary in voltmeters, due to the stabilizing action of 
the multipliers. 

Current-recording instruments may be modified to handle higher 
values of current at full-scale deflection, although the reverse does not 
apply, i.e., they cannot be modified to record lower values at full-scale 
deflection. Suppose a 0-200 micro-ammeter with a meter resistance of 
40 ohms has to be converted into a 0-10 milliammeter. Fig. 8 shows 
how this is effected. A " meter shunt" Rp has been connected in 
parallel with the original basic movement. The terminals A and B 
now become those of the new" composite meter ". The current passing 
from A to B at full-scale deflection will now be 10 mA. As only 200 µA 
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(0-2 mA) is permitted to pass through the basic movement, the excess 
current (9-8 mA) must be shunted via Rp. Hence the value of Rp mutt 
be 

0-2 
9-8 x 40 0-816 ohms 

i.e., Rp —  
N — 1 

where Ri is the resistance of the basic movement and N is the required 
multiplying factor. The calibration at full-scale deflection (200 pA) 
must now be changed to read 10 mA et seq. 
Meter shunts consist of very short strips of manganin sheet soldered 

into massive terminal blocks. The manganin achieves a low-temper-
ature coefficient. When used for heavy current work, shunts must be 
well ventilated, and are sometimes mounted in a separate case to the 
basic movement. 

,03 
10HIULTIPLY 

BY 

FIG. 9.—UNIVERSAL SHUNT. 

A current-conversion switch sometimes operates on a UNIVERSAL 
Sevier, as shown in Fig. 9, where the relevant resistor values and 
switch-position multiplying factors are self-explanatory. 

Voltage-reading Conversion 

e Two operations are concerned in voltage-reading conversion: (a) the 
process by which a low-value current-reading instrument-is transformed 
into a voltmeter, and (b) the system by which an existent voltmeter is 
modified to record a higher value at full-scale deflection. 

Case (a) is dealt with by simple application of Ohm's Law. Con-
sider a basic 0-500 microammeter with a meter resistance of 80 ohms, 
which has to, be converted into a voltmeter recording 200 volts at full-
scale deflection. The required modification is shown in Fig. 10. This 
merely consists of wiring a vitiator " R " in series with the original 
meter to limit the full-scale deflection current to the correct value of 
500 atl (= 0-5 mA) through the basic movement when the maximum 
voltage of 200 volts is connected to the terminals A and B. The total 
resistance of the new " composite meter" is thus given by Ell --= 
200/0-0005 = 400 kfl, E being the new full-scale deflection voltage 
recorded and I the basic full-scale deflection current. From this the 
theoretical value of R is determined, it being 399,920 ohms for the 
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example in Fig. 10. In practice, the tolerance of even a sub-standard 
resistor would cover the small error caused by ignoring the 80-ohm 
resistance of the basic movement. The resistor R is termed a MULTI-
PLIER, and academically its value is given by 

E 
— Rd) 

where Ri is the resistance of the basic movement. 
Multipliers should be non-inductive and have a constant resistance. 

Their power ratings should be adequate, and if .their dissipations are 
high, cooling arrangements should be made. 

Case (b) is dealt with in a similar manner to case (a). An existent 
voltmeter can be modified to register higher values of voltage at full-
scale deflection, provided that arrangements are made to limit the 
full-scale deflection current :43 its normal value. This means that the 
total resistance of the new meter must be increased in the same propor-
tion as. the voltage to be recorded at full-scale deflection, e.g., if the new 
voltmeter has to record seven times the old voltage at full-scale deflec-
tion, then tho resistance of the meter must be increased to seven times 

FIG. 10.—METER MULTIPLYING 
(CONVERSION TO VOLTMETER). 

0/500 p A 
- - 

the old value by the addition of a series multiplier of six times the 
original value. Hence the value of additional multiplier R„, is given by 

R„, = Ri(N — 1) 

where Ri is the resistance of the original meter and N is the required 
multiplying factor. 

Deter mination of the Resistance of a Voltmeter 

The resistance of a voltmeter is determined as follows: Connect the 
voltmeter across a normal supply,and take the reading. Call this V. 
next, connect it in series with a known resistor It across the same 
Supply. Call the second reading V,. The resistance of the voltmeter 

Vs.R 
is given by R‘ = v  

Ohmmeters 

An ohmmeter is a resistance-measuring arrangenvnt involving a 
current-reading meter of low full-scale deflection value, a battery, a 
limiting resistor and the component under test. The effect of the latter 
is to modify the value of current passing through the meter, thus 
compelling the pointer to take up an intermediate recording position. 
The scale is suitably calibrated in ohms, kilchms or megohms. 
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Two basic types are in use, the series type and the shunt type, there 
being two variants of the former. Basic circuitry of all three systems 
is shown in Fig. 11. In all cases the variable resistor R2 adjusts the 
zero position for resistance-recording, this being full-scale deflection 
where the basic movement is concerned. 

Figs. 11 (a) and 11 (b) both show series types, but the zero-adjust-
ments are different. In Fig. 11 (a) R, is a safety limiting resistor to 
avoid a deflecting current considerably in excess of full-scale deflection 
value should R2 be inadvertently left at a low value. R, is com-
parable in value to that of R, to allow for the normal fall in the cell 
voltage. The half-scale reading (in ohms) is R, 11.2. 

In Fig. 11 (b) the resistance connected to the test prods is again 
cdnnected in series with the meter, which is shunted by x 2 r, R, 
acting as limiting resistor. To maintain full-scale deflection current 
through the meter when the test prods are shorted (resistance under 

FIG. 11.-OHMMETER ARRANGEMENTS. 

A and B are series types, C is a shunt type. 

(b) 

test zero), R, must be increased in value as the cell voltage falls. 
This is necessary to shunt less current from the basic movement. 
Greater accuracy results from this arrangement than with the circuit 
in Fig. 11 (a). 
The calibrated zero (for resistance values) in both Figs. 11 (a) and 

11 (h) is at full-scale deflection of the pointer, i.e., to the right. Scale-
cramping increases progressively to the left, i.e., at the higher resistance 
readings. Greater accuracy•results at the higher readings if a battery 
of higher voltage is used. This is invariably connected externally, and 
suitable interpolation must be employed. The zero-adjuster R, must 
be manipulated with the test prods shorted. 

Fig. 11 (c) shows the basic circuitry of the shunt type. R, is adjusted 
with the test prods at insulation (open-circuited), and the switch must 
be closed. The resistance under test R. is connected in parallel with 
the basic movement by the test prods. If this is equal in value to the 
internal resistance of the movement R, half the battery current passes 
through the meter, so a half-scale reading results. A lower value for 
• R. results in more current being shunted from the movement, hence the 
lower resistance-values are recorded to the left and higher, values near 
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full-scale deflection. This type of ohmmeter is used for the recording of-
low resistance values, and the greatest accuracy again occurs at the 
lower readings. The lower limit can be extended by shunting the move-
ment with a resistor comparable in value to its own resistance and 
interpolating the readings. 

Universal Test-meters 

A universal test-meter is essential in even the smallest radio work-
shop. .. It.. is a switchable A.C./D.C. combined voltmeter, ammeter and 
ohmmeter built around a basic sensitive moving-coil movement, the 
full-scale deflection of which may vary from 50 µA to 4 mA. Knife-
edged pointers and anti-parallax mirrors are common. 

Multiple-position switches introduce the necessary shunts or multi-
pliers, which extend the current range from 50 µA up to several amperes, 
and the voltage range of 0-2 or 0-3 volts up to 2,000 volts or so. 
The meter resistance in the case qf the latter should be at least 1,000 
ohms/volt, some of the higher-grade instruments having sensitivities of 
20,000 ohms/volt on the D.C. ranges and 2,000 ohms/volt on A.C. 

rangea. 
Alternating current and alternating voltage are catered tor by switch-

ing iron-cored transformers, metal rectifiers and rectifier shunta into 
circuit at the " A.C." switch-positions. On the " A.C. Volts" ranges, 
switched shunts are essential. In the above cases the calibrations are 
interpolated in terms of R.M.S. values, and the tolerance accuracy is 
guaranteed only if the metered waveform is sinusoidal. Due to the 
non-linearity of copper oxide rectifiers in the conductive direction, the 
tolerance accuracy is less than on D.C. ranges. 
Ohmmeter services are catered for at other switch-positions when dry 

cells, limiting resistors and zero-adjusting resistors are brought into 
circuit. Shunt-connection of the last-named is usual, and according to 
the sensitivity of the basic movement, reliable resistance-measurement 
up to several megoluns is possible. A self-contained buzzer is supplied 
in some models for quick continuity testing. 
A mechanical spring-operated cut-out is preferred generally to a fuse. 

This is operated by the pointer when it swings above full-scale deflec-
tion, thus tripping a lightly balanced relay. A small overload is 
sufficient to actuate this safety device. 

Wattmeters 

The wattmeters encountered in radio installations are principally of 
two types--dynamometer and induction. The torque exercised on the 
indicating pointer must be proportional to the phase angle existent 
between the voltage across the metered circuit and the current through 

it. 
The dynamometer arrangement is shown in Fig. 12 (a). A pair of 

low-resistance, aatatically (oppositely) wound current coils C are wired 
in series with the metered circuit. They are fixed to the pointer and 
rotate inside a pair of high-resistance, astatically wound pressure 
coils P, which are wired in series with an anti-phasing resistor R across 
the metered circuit. The fluxes due to the currents in P and C are thus 
in phase with the voltage and current respectively, so the torque on the 
pointer is proportional to EI cos 9. E.m.f.s induced into the astatio 
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12.—DYNAMOMETER TYPE WATTMETER. 

(b) 

paire by external fields annul due to the winding-reversals, but the 
torque due to the concerned currents is unaffected, as shown in Fig. 
12 (b). This type is accurate but usually somewhat fragile, and so is 
chiefly confined to laboratory use. 
The induction type functions on the principle that the rotating fields 

produced by the current coils C and the pressure coils P shown in Fig. 13 
induce eddy currents into a disc or drum, thus making it rotate. The 
P coils have many turns weiund on a laminated iron magnetio circuit, 
so the current through them lags by 90°. The C coils have a relatively 
small number of turns of heavier gauge wire wound on an open iron 
circuit, so E and I are virtually in phase with the fluxes. The drum D 
is of special alloy, and rotates in the field produced by the quadrature 
fluxes, so the resultant torque is proportional to EI cos O. 

This type is not usually so accurate as the dynamometer, but is 
cheaper and more r)bust. Its scale is non-linear, and variations in 
temperature or frequency may pfoduce errors. 

Flo. 13 (above).—INDUCTION-TYPII 
W....micaTim. • 

Fro. 14 (right).—"MiGGER" INSULATION 
TESTER. 
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Megohmme ter 

" Megger" is the trade name adopted by Messrs. Evershed and 
Vignoles for their insulation testers designed for the measurement 
of very high resistances such as the leakages of insulators. These 
involve values of the order of hundreds of megohms. 
A built-in hand-driven generator (or two series-connected generators), 

fitted with a folding handle and a slipping clutch, is provided to 
develop a constant voltage of 500-2,000 volts according to the model, 
this supplying the actuating currents to the meter. In the small, 
W EE MEGGER Testers the generator voltage may be as low as 100 volts. 
The indicating system is shown in Fig. 14, and operates on the 

" bicoil " principle, in which two coils are fixed in relation to each other, 
but the composite unit so comprised acte as a lightly balanced moving-
coil system rotatable in the field of a permanent magnet as shown. 
The pressure coil P is connected across the D.C. generator, and the 
flux associated with its current acts on the permanent field to produce a 
torque which tends to rotate the pointer towards " infinity ". The 
current coil C is connected in series with the external circuit, and the 
flux developed in it acts on the permanent field to produce an opposite 
torque, i.e., tending to rotate the pointer towards zero. According 
to the value of resistance connected to the terminals, the pointer assumes 
an intermediate reading. The resistors shown in. Fig. 14 are safety 

limiters. 
Full-scale calibrations range from 10 megohms up to 2,000 megohms 

according to the model, and from a practical viewpoint, the accuracy of 
the readings is sufficient for normal requirements. 
Low-voltage tasters registering resistance values of 2 ohms, 10 ohms 

or 100 ohms at full-scale deflection are also available. Their ohm-
meter actions incorporate shunt connection of the resistors under test, 
and the instruments are usually referred to as CowrixotTY TESTERS. 

Bridge-megohmmeter 

This instrument consists of a high-voltage megger tester and a sub-
standard DECADE resistance box, the value of which is indicated 
numerically through four " windows ", the maximum being 9,999 ohms. 
Fig. 15 shows the associated circuitry. R is the decade box and R.A. 
is a built-in " ratio arm" with five positions calibrated ÷ 100, 4- 10, x 1, 

15.—Brunor-
" REDDER 
TESTER. 
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x 10 and x 100. Resistance-values of 0-01 ohm (1 ohm + 100) to 
999,900 ohms (9,999 x 100) are thus measurable with very good 
accuracy. The resistor under test " x " is connected to the " Line " 
and " Earth " terminals, and the Wheatstone Bridge is balanced when 
the pointer remains at " infinity " on turning the hand-generator. In 
this case no current flows through the current coil C in Fig. 15, " x " 
then having a value of R times the multiplying factor indicated by R.A. 
At the " dividing positions "of this switch the clocado box and " x " 
exchange legs in the Wheatstone Bridge. 
The words " increase " nJ " decrease " are printed opposite the 

" infinity " calibration. Thee) direct the operator how to manipulate 
the decade box for bringing the pointer to " infinity " when the hand-
generator is turned. 
A three-position switch provides services as follows: " Meg " for 

normal high-resistance megger operation, " Bridge" for. accurate 
bridge-megger measurement and " Varley ", this involving the circuitry 
for locating an earth on a line by the VARLET LOOP TEST. This is 
effected as follows: 

(1) Connect the " Varley Earth " terminal to the " Earth " 
terminal. 

(2) Short-circuit the remote ends of the line under test and 
measure the resistance of the loop so formed by bridge operation. 
Call this RI. • 

(3) Connect the free (near) ends of the line to the " Line " and 
" Earth " terminals. 

(4) Switch to " Varley " and balance again. Call the recorded 
value R. 

The distance of the earth down the lino measured in ohms is now given 
by 

  if the ratio arm is at x 1; 
2 

10Ri — R 
or  if the ratio arm is at 10; 

11 

100/4 — R 
or if the ratio arm is at 100. 

101 



TEST EQUIPMENTS 38-at 

TEST EQUIPMENTS 

The test equipments which follow include such meters and instruments 
as are found in a fully-equipped radio and communications workshop. 
The descriptions apply, as far as possible, to instruments in a parti-
cular class, rather than to individual models. 

Power-supply circuitry has been substantially ignored, as this is not 
pertinent to the action of the equipment concerned. Actually, such 
power supplies are not wholly conventional to normal receiver or 
transmitter techniques. Both full-wave and half-wave systems of 
rectification are used. Filtering arrangements of the mains ripple may 
be conventional choke/capacitor, resistance/capacitor or completely 
omitted, i.e., rectified raw A.C. Errors are inevitable in some equip-
ments if the supply waveform is not pure sinusoidal. Voltage-regulated 
transformers are used in some equipments to provide a constant output 
from any supply mains between 200 and 250 volts. Radio-frequency 
filtering is incorporated in the mains-supply leads of most equipments. 

Overlapping of services takes place in some equipments, e.g., a 
universal test-meter may be convertible to an output power meter or to 
a valve voltmeter with considerable limitations. Such instruments 
find an appeal in small workshops, where expense is a major item. 

Valve Voltmeter 

An " A.C. voltmeter" of the conventional type is useless for 
measuring radio-frequency voltages, as these are usually developed 
across a parallel-tuned circuit, the dynamic resistance of which in-
variably exceeds that of the voltmeter. The resultant damping im-
posed on the tuned circuit and the capacitance effects of the voltmeter 
thus render such an instrument totally unsuitable for radio-frequency 
voltage measurements. 
The valve voltmeter (V.V.) presents an impedance of the order of 

2 or 3 Mil to the tuned circuit under test, this probably having a 
dynamic resistance of 50-150 kf2, so the shunting effect of the 
valve voltmeter introduces minor errors. Furthermore, the parallel 
capacitance it presents is of the order of 4-9 pF, this merely involving 
slight retuning of the test circuit when the valve voltmeter is comzeoted 
across it. 

In addition to being a test equipment in itself, a valve voltmeter is 
also used as an integral part of other test equipments, such as a Q-meter, 
an Impedance Bridge, etc. 

Fig. 16 shows a generalized circuit of a valve voltmeter. The radio. 
frequency voltage to be measured is applied to the " H " and " L " 
terminals, these notations referring to the " high" potential and 
" low " potential ends of the test circuit. The diodd D rectifies the 
input voltage, developing an anode bias which is almost the peak value 
of the input, due to the long time-constant of the 500 pF /50 MO load 
combination. This is applied to the grid of a D.C. amplifying valve V2 
wired in one arm of a Wheatstone Bridge arrangement. Radio-
frequency ripple is filtered by the 10 MO/0.02 i.tF/0•02 µF./100 pF net-
work. The bridge is " no-signally " balanced by adjustable positive 
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bias on the grid of V2 tapped by the" Set Zero " control. The negativo 
potential from the load combination due to the applied signal decreases 
the anode current of V2, thus increasing its Ra-value. This throws the 
bridge out of balance, and the 0-200 microamrneter records the out-of-
balance current. The scale of this meter is accordingly calibrated 
severally in R.M.S. input voltages according to the ranges covered (five 
in the case shown). Typical full-scale deflection coverages are 1.5, 5, 
15, 50 and 150 volts. In practice, the range of frequencies over 
which such a valve voltmeter , will give good accuracy is about 20 e 
to 120 Mc/s. 
At frequencies above some 10 kc/s or so it is not politic to use long 

input leads to the diode, due to their excessive self-capacitance, hence D 
and its associated radio-frequency components are built into a small 
PROBE unit on the end of a flexible multi-core cable in order that it 
may be brought right up to the measured job, connecting leads thus 
being kept to a sheer minimum. The flexible cable carries the diode 

PROBE _ 

H HI- 500PF 10M-1 

D 

L 

FLEXIBLE 
CABLE 

JCOICrf ,f 

_tg 

100pF 

Fm. 16.—TYPICAL VALVE VOLTMETER AND PROBE UkIT. 

H.T.+ 

H.T.-

heater leads and the output rectified voltage. D is a miniature valve 
of the Dl or EA50 types. 
Below frequencies of 10 kcis, the foregoing precautions are un-

necessary, so the probe unit is secured inside the instrument proper 
with its " H " and " L " prongs making contact to the inner teribina-
tions of the H and L terminals on the front panel. The flexible lead 
from the 0-01-µF capacitor must be connected to the " B/ " terminal. 
This parallels the 0.01-µF and the 500-pF capacitors to decrease the 
input reactance at the lower frequencies. 

D.C. supplies can be measured by connecting the negative supply to 
the " B/ " terminal und the positive to the L terminal. 
The five-position switch shown in Fig. 16 varies the cathode otas of 

V2. this necessitating higher inputs at higher bias values to effect 
comparable out-of-balance currents. At the 50- and 150-volt positions, 
meter multipliers are switched to the microammeter, as the bias involved 
would be excessive on these ranges. 

Operations should be commenced at the highest voltage range 
and switched downwards ifi the reading is too low for accurate 
measurement. 
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Balanced Valve Voltmeter 

This type of valve-voltmeter is used as a monitor when aligning the 
discriminator stage of a frequency-modulated receiver. Fig. 17 shows 
typical circuitry. 
The discriminator output is applied to the H and L terminals, and 

unmodulated input at the intermediate frequency is injected into the 
intermediate-frequency chain. If discriminator output exists, the 
positive-going terminal produces an increase in the anode current of its 
associated valve via the G1 connection, whilst the negative-going. 
terminal produces a corresponding decrease through the other valve. 
The cathodes now assume different potentials, so the centre-reading 
microammeter records the out-of-balance current in the concerned 
direction, and is thus suitably calibrated in terms of ± input volte. 
Discriminator adjustment must be made for zero reading on this meter. 
If its tuning is now offset in either direction, opposite deflections take 

place. 

FIG. 1 7.—CIRCUIT or TYPICAL BALANCED VALVE VOLTMETER. 

The 20-1(0 pre-set resistors are adjusted on the concerned ranges with 
the input terminals shorted, the 1 kû cathode resistor acting as an 
auxiliary control on the highest range (25 volts) after the lowest range 
(1 volt) pre-set 20 kû has been adjusted. The screen potentiometer to 
V2 acts as the general " Set Zero" control by balancing the cathode 

potentials. 

Method of Use. 
(1) Inject unmodulated input at the intermediate frequency into the 

intermediate-frequency chain. 
(2) Switch to the 25-volt range and roughly align for zero. 
(3) Switch to the 5-volt range and re-align, 
(4) Switch to the 1-volt range and make the final adjustment with 

great care. 

Beat-frequency Oscillator (B.F.0.) 

A Beat-frequency Oscillator is an instrument designed to generate an 
audio-frequency signal of specified frequency and amplitude. This 
should be variable from about 20 c/s to 10 Itch; or 12 kc /a with reas 
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' accuracy, and should ' a free from amplitude distortion. The output is 
used to test the audio-frequency sections of receivers and transmitters, 
i.e., the headphones, loudspeaker, phone jack, output transformer, 
modulation transformer, speech amplifier and audio-frequency equip-
ment of transmitters generally, audio-frequency amplifie,. and associ-
ated components of receivers as far back as the detector diode anode. 
It may be used to plot audio-frequency response curves, to determine 
harmonic content in output stages and to trace phase-shift through an 
audio-frequency amplifier. It may also be used to ,determine the 
.resonant frequency of an audio-frequency filter or to centre the speech 
coil of a moving-coil loudspeaker. 

Suppose a frequency coverage of 50 cis to 10 lic/s is required. A 
straight L/C oscillator would need a capacitance ratio of 2002 to 1, this 
being impracticable. Hence the technique shown in Fig. 18 is adopted. 
Two high-stability oscillators are used, a fixed one operating at 100 kepi 
and a variable-frequency oscillator (V.F.0.) with a frequency coverage 
of either 90-100 kern or 100-110 in/s. Coupling between these oscil-

FIXED 
OSC. 
10014s 

FIG. 18.—BLOCK SCHEMATIC LAYOUT OF A B.F.O. 

lators is kept low by adequate decoupling and screening. The outputs 
from both oscillators are filtered to remove harmonics and then applied 
to an electronic mixer. The resultant difference-frequency becomes the 
desired audio frequency (0-10 kc/s), the original oscillator frequencies 
and their sum frequency being filtered off by a simple Tr-section low-pass 
filter. 
The output amplitude is controlled by a conventional gain control. 

Switched tappings on the output transformer effect approximate 
matching to high (600 ohms, 2,500 ohms) or low (2-10 ohms) impedance 
loads. A high output voltage (50 volts) is developed across the former or 
a low value (5 volts) across the latter. The output may be matched 
to any other desired impedance by an appropriate matching attenuation 
pad. 
The output indicator may be a moving-coil milliammeter as shown in 

Fig. 18 with a full-scale deflection current of 1, 2 or 5 mA, or it may be 
a " magic eye " tuning indicator operated from the output secondary. 
For Set Zero" operation, the 50-c/s check" switch is made, this 

applying a small signal from the mains to the grid of the amplifier. The 
Set Zero" control must now be operated to produce the slowest 
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heterodyne flicks on the output indicator (1 or 2 per second) with the 
frequency control set at 50 c/s. The " Set Zero' control may be a 
mechanical adjuster of the fixed oscillator inductor or a small pre-set 
capacitor across it. 
The frequency control may be a small capacitor across the variable-

frequency oscillator or an adjustable brass damping plate operating 
on the variable-frequency oscillator inductor. Sometime a vernier 
frequency control is fitted, this covering a restricted frequency range. 
In this caret the output frequency is the sum of the two frequency 
calibrations. 
The oscillators may be straight positive feedback resistance-stabilized 

types, Hartleys, Colpitts or cross-connected push—pull types. The 
last-named use the triodes of triode-hexodes with the mixer sections 
cornrnoned. • 

Efficient smoothing of the mains ripple ( 100 c/s) is particularly 
necessary, separate filter chokes and capacitors sometimes being used 
for the output stage. Ample airdio-frequency output is catered for 
(about 2 watts) to minimize distortion, push—pull operation being used 
in some models, negative feedback in others, with triodes general. These 
precautions result in a tolerably good sinusoidal waveform when viewed 
on a cathode-ray oscilloscope. 
For accurate work, such as stage-gain measurements or overall audio-

frequency sensitivity checks, the instrument can be used in conjunction 
with an attenuator to provide small outputs at the required impedances. 

Audio Oscillator 

The function of this instrument is virtually the ,same as that of a 
beat-frequency oscillator. The usual circuitry is conventional 
resistance—capacitance technique using two triodes and negative feed-
back and an output pentode. A frequency coverage of 20 c/s to 20 ke/s 
is obtained in three bands by variable resistors. An almost. pure 
sinusoidal waveform with negligible amplitude variation is produced in 
common with normal resistance—capacitance oscillator technique. 
Output power may be 1 watt or so, matched to two or three load 
impedances. 

Signal Generators 

Modulated Test Oscillator 

A modulated test oscillator is virtually a low-grade signal generator 
intended for rough bench operation, in which rapid fault diagnosis of a 
receiver under test may be carried out. It is thus essentially a" time-
saver" to the repair man. In the absence of a standard signal 
generator, if the frequency inaccuracies are known, the instrument is 
sometimes used for rough alignment. 
Compared with a standard signal generator, a lower degree of 

accuracy, both in calibrated frequency and output voltage, is usual. 
Normal frequency coverage is from about 100 Ws or so up to 50 or 
60 Mc is. 

Conventional circuitry is employed, Fig. 19 being a typical block 
schematic arrangement. A Hartley audio-frequency oscillator 
functions at 400 cis and acts as internal modulator to a radio-frequency 
oscillator. Its maximum output may be 10-15 volts, this being 
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variable in some models and taken to the output audio-frequency ter-
minals. This is useful in small workshops to obviate the necessity for a 
beat-frequency oscillator when it is desirable to carry out checks to the 
audio-frequency section. 
The internal audio-frequency oscillator is switched into circuit when 

the master switch shown in Fig. 19 is at the " INT " (internal). position. 
The depth of modulation so effected is about 30 per cent. 
The radio-frequency oscillator may also be modulated by an external 

source of audio frequency, such as a beat-frequency oscillator, if the 
master switch is set to the " Exr " (external) position. In this case 
there is no guarantee of the modulation depth. 
The radio-frequency oscillator may be a conventional Colpitts circuit 

tuned by a turret-operated range switch. At the " R.F. " or " C.W." 
position of the master switch it is disconnected from all-sources of audio 
frequency; hence the output is unmodulated C.W. fed via a coaxial 
cable to a simple dummy aerial. The R.M.S. value of radio frequency 
delivered to the output attAnuator is about 1 volt, this varying somewhat 
with frequency. 

R.F. 
(C.W.) 1  

/ -----
NT. OC.  -ATTEN 

1EXT.e 
 TO EXT. MOD. 

0/p 
DUMMY-e 
AE C MOO. WRD. 

CW. 

FIG. 19.—BtocK. SCHEMATIC LAYOUT OF A TEST 
OSCILLATOR. 

The attenuator delivers the full radio-frequency output from the 
oscillator to the dummy aerial for " force " fault-finding púrposes or 
lower variable values of 50 mV downwards. Correct feed to an un-
balanced input circuit is provided by the coaxial line, and the duc_irny 
aerial imposes normal aerial loading on the receiver input circuit. 

Except when operated under" force " conditions, the radio-frequency 
output should be restricted to the minimum required for the tests con-
cerned. This avoids operation of the automatic-gain-control system 
with the concomitant misleading results. The serious demerits of a test 
oscillator are : ( 1) the poor screening, this resulting in excessive stray 
fields which make low-level work impossible; and (2) the " make-
shift " attenuator. 

Standard Signal Generator (S 3.0.) 

A " signal genertitor" may be classified with a modulated test 
oscillator, whereas a " standard signal generator" is a precision signal 
generator designed to develop highly accurate voltages by means of a 
precision attenuator which is conveniently calibrated. 

Its functions are to align receivers accurately, to calibrate receivers, 
transmitters or oscillators (in conjunction with a standard frequency. 
meter), to determine stage-gain, sensitivity, bandwidth, signal-to-
noise ratio, selectivities, overall response curves (in conjunction with 
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a beat- frequency oscillator) and to check automatic-gain-control 
efficiency. 
The circuit of a popular design is shown in Fig. 20, this being basically 

similar to that of a modulated test oscillator with certain refinements, 
these being: 

(1) " Set Carrier" control. This enables the amplitude of the 
derived unmodulated radio-frequency oscillations to be accurately 
adjusted such that when the radio-frequency output monitor 
records a pre-determined value, the radio-frequency output 
delivered to the attenuator is exactly 1 volt R.M.S. 

(2) " Set Modulation" control and " Percentage Modulation " 
control. These enable the depth of modulation to be accurately 
adjusted to any desired value up to 75 per cent or so by use of a 
second calibration on the output meter. 

(3) The radio-frequency output monitor ensures that a constant 
output is delivered to the attenuator. It may be a valve voltmeter, 
measuring the radio-frequency voltage developed across the attenu-
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ator or a thermo-couple meter recording toe current passing 
through it. 

(4) A higher degree of radio-frequency tuning results from a 
larger tuning dial and the provision of vernier band-spreading 
(" Fine Frequency Control" or " Incremental Tuning '). The 
radio-frequency oscillator may be calibrated direct in kcis and 
Mc/s or used in conjunction with calibrated charts provided with 
the instrument. 

(5) A high degree of accuracy in the calibration of the radio-
frequency attenuator, this being denoted in µV, mV, db and multi-
plying ratios. This is effected by a resistance ladder-network, the 
elements of which are sometimesecreened from each other to avoid 
capacitance effects which would vary with frequency. 

(6) Switching arrangements whereby external audio frequency 
may modulate the radio-frequency oscillator dire- t, or may be 
amplified by an audio-frequency stage prior to application to the 
radio-frequency oscillator. 

(7) Each section of the instrument is separately screened and 
housed in a heavy, rigid screening case. This minimizes radiation 
of stray fields which, if picked up by the receiver under test, would 
despoil the measurements. 

As the instrument has a fixed internal impedance, an external 
matching pad is necessary to match a particular input load. 

V.H.F. Signal Generator 
The primary function of a V.H.F. signal generator is to generate signal 

voltages across a known impedance at frequencies between some 
100 and 300 Mc Is. These may be amplitude modulated sinusoidally 
or by square-wave signals for radar applications. The radio-frequency 
tuning is calibrated direct for this frequency band, and also carries a 
blind 0-100° scale for the interpolation of calibration charts when 
secondary bands over the 10-60-Mcfs range may Le involved. 

Fig. 21 shows the basic circuitry of a typical instrument which uses 
conventional audio-frequency oscillator for anode modulation of the 
radio-frequency oscillator. The latter employs a short-path V.H.F. 
triode (RL18) in a Colpitts circuit formed by the inter-electrode 
Capacitances. The dual top contacts to this valve permit very short 
leads to the tuned circuit, which comprises a " series-gap " type of 
tuning capacitor (0-270° sweep) and an inductor, which is merely a thick 
aluminium bar plugged directly across the capacitor. Other plug-in 
coils wound, on low-loss material cater for the lower-frequency bands. 
All radio-frequency components are heavily silver-plated. 
The output " piston ' attenuator is magnetically coupled to the 

tuned Circuit, and is calibrated from + 10 db to - 100 db. If very small 
outputs are required, a further 26 db attenuation may be achieved by 
use of an external T-pad provided with the instrument. 
A piston attenuator consists of a brass piston mechanically moved up 

and down inside a brass cylinder which acts as a waveguide and so has 
application at V.H.F. and U.H.F. only. Its outstanding points are that 
it attenuates along its length exponentially, i.e., its attenuation is 
"linear in db ", and that the resultant attenuation is independent of 
frequency up to tube lengths. of 410. 
• 
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The carrier amplitude is adjusted by the" Set Carrier " H.T. potentio-
meter, and is monitored by a 0-100-microarameter which registers the 
value of oscillator grid current. This has a " normal " calibration mark 
for initial setting-up purposes. On the lower-frequency bands the 
radio-frequency oscillator develops a greater output, so an extra shunt 
is switched across the microammeter by switching to the " Auxiliary " 
position. 
At the " square-wave " switch-position, a saturating chopper diode 

(EA50) is switched into the oscillator grid circuit to limit its output for 
50/50 square-wave operation. 

Frequency-modulated/Amplitude-modulated Signal Generator 

This type of signal generator is more comprehensive than usual in that 
it provides an output which may be (a) unmodulated C.W., (b) sinu-
soidally-modulated frequency modulation or (c) sinusoidally or square-
wave modulated amplitude modulation from either an external or 
internal source. 

MOD. 

SET 
MOD 

3.— CAT H . _L. RE AC . — FOLL. VALVE 

• 
EXT. MOD. 

M 

OSC. 

BUFF. 
AMP. 

--1 

MULTIPLIERS I 

3 2 2 2 
AT TEN:R1-0-

V.V. 

FIG. 22.—BLOCK SCHEMATIC LAYOUT OP AN F.M . /A.M . SIGNAL 
GENERATOR. 
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Frequency coverage may be between 10 and 200 Mt is at output 
-voltages from 1 p.V to 100 mV into 75-ohm loads. The internal modu-
lating frequencies may vary between 300 cis and 3 kc/s. Tho resultant 
frequency deviation may range up to 300 ke/s on the lower bands or up 
to 600 ke/s on the higher bands. Fundamental oscillator frequencies 
between 5 and 10 McIs are usual. 
A limiting chopper diode converts sine-wave input to square-wave 

modulation. When operative on the amplitude-modulation system, 
modulation depths of up to 80 per cent are possible. Fig. 22 shows a 
general schematic arrangement. 

Variation in deviation is attained by control of the audio-frequency 
input to the reactance stage, which is usually operated in push-pull. The 
output frequencies are monitored by a small loudspeaker when an 
internal oscillator heterodynes the output of the crystal oscillator. This 
provides twelve to sixteen spot frequencies per band for check purposes, 
intermediate values being determined by interpolation. 
The built-in balanced valve voltmeter records the deviation in terms of 

frequencies, the modulation depth also being recorded. 

Test Bridges 

A test bridge is a " bench " class of instrument capable of carrying out 
the following functions with a reasonable degree of accuracy, i.e., 
satisfactory for normal purposes but not usually intended for labora-

tory use : 

(1) Measurement of unknown resistance-values between 5 ohms 
and 50 MCI by comparison with internal sub-standards. 

(2) Measurement of unknown capacitances between 5 pF and 
50 ,A,F by comparison with internal sub-standards. 

(3) Measurement of the power factors of capacitors with values 

of 0-05 p.F upwards. 
(4) Measurement of ariy resistor, capacitor or inductor over 

0.1 henry by comparison with a suitable external component of 
simdar phase-angle (switch position " E "). 

(5) Determination of the approximate leakage-resistance of a 
capacitor (switch position L). 

(6) Measurement of alternating voltages from 0-1 to 15 volts 
R.M.S. at frequencies up to 20 kcis by the use of a built-in valve 
voltmeter (switch position " V "), the 50-volt A.C. supply then 

being disconnected., 
A Wheatstone or De Sauty bridge arrangement is used as shown in 

Fig. 23. Its energizing voltage is usually 50 volts at 50 cis, the output 
being fed via a triode amplifier to a metal rectifier or via a pentode 
amplifier to a diode rectifier. The rectified load current is recorded by 
a sensitive microammeter. The potentiometer P is adjusted for null 
output from the bridge, i.e., for minimum reading on the diode monitor. 
Tt is calibrated in terms of " multiplying factor ' (from 0-05 to 50), 
this being the factor by which the concerned internal or external sub-
standard component value must be multiplied to provide the value of 
component connected to the " x " terminals. As the reactance of a 
capacitor is inversely proportional to the value of C, the multiplying 
factor for capacitors is the reverse of that for R. On similar reason-
ing, the relevant multiplying scale for inductors is the R calibrations. 
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At the C3 position the power-factor control RI may be manipulated 
for a true null reading on the monitor after the bridge is balanced. 
This provides the saine phase-angle as that across the capacitor under 
test, and so is calibrated in terms of power factor. 

External sub-standard components must be connected to the " Err " 
terminals. Matching of two components may be effected by connecting 
them to the " x " and " Err " terminals. 
An electrolytic capacitor may be measured if a 120-volt dry battery 

and a 50-kfl resistor are connected in series across it for polarization 
purposes. The battery voltage should exceed the peak A.C. input to 
the bridge by 25 volts, this allowing for a polarizing current of 0-5 inA. 
When the nine-way switch is at the " L " position (L " leakage " 

NOT " inductance "), the subsidiary circuit showii dotted in Fig. 23 
becomes operative. The capacitor under test, a neon lamp and a 
50-kfl resistor are then connected across the H.T. supply. The neon 

L 1KI1 v 

c,RIR2R3E 
x 

 50cIs 

4 Fee.e.(n 

L= LEAKAGE le 

250V+ 

30Kft 
.25pF 

FIG. 23.—S1MPLIFIED CIRCITIT 07 a TYPICAL TEST BRIDGE. 

strikes as the voltage across it builds up and reaches the striking value. 
If the capacitor has a relatively low leakage resistance, self-discharging 
'takes place at a frequency decided by tlie self-time-constant. The 
frequency of striking thus gives an indication of the leakage resistance. 
The low bridge-energizing frequency (50 cite) precludes accurate 

measurement of inductors below about 0-1 henry in valut. 
A break in a line can be located by measuring the capacitance between 

it and another in the same cable and comparing this to the capacitance 
between the other broken section and the same sound line. The 
capacitances concerned will be proportional to the line lengths. 

Universal Impedance Bridge . 

This instrument is virtually a " precision test bridge" and measures 
resistance-values of 0.05 ohm to 1 Mû, capacitance-values of 5 pF to 
100 ià -id inductance-values of 5 tag- 100 henrys. The circuits are 
mains-operated bridges using Wh5atstone, De Sauty or Maxwell 
arrangements respectively over five ranges in each case. Other 
services available are measurements of coil-magnification between 
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values of 0.1 and 100 at a frequency of 1 licis or so, and capacitor losses 
(oiCR) between values of 0.0001 and unity. 
The Wheatstone bridge is energized by a D.C. supply, the degree of 

unbalance being monitored by a centre-zero galvanometer. 
The A.C. bridges are energized by a conventional audio-frequency 

oscillator functioning at 800 or 1,000 cis. In these cases the unbalance 
voltages are monitored by a built-in valve voltmeter after suitable 
amplification, or an aural null indication may be found with telephones. 
A separator valve" is used to isolate the test bridge from the audio-
frequer oy oscillator. 
The oridges are adjusted by " coarse " and " fine " controls in all 

cases, the two calibrated readings being summated to supply the true 
measurements. 
• The " Phase Balance" control provides the Q-value of the inductor 

concerned at the frequency of the audio-frequency bridge input. 

Electrolytic Capacitor Bridge 

The function of this instrument is to carry out more extensive and 
• accurate measurements on electrolytic capacitors than that provided by 

E 
(POLARISING) 

no. 24.—TYPICAL ELECTROLYTIC CAPACITOR BRIDGE. 

an impedance bridge, and to measure their power factors and leakage 
currents. Fig. 24 shows the circuit arrangements of a popular model 
which caters for capacitor values of 0.2-2,200 µF. 
A conventional bridge circuit energized from the mains is employed, 

its output being amplified,. rectified and monitored • by a " Balance 
Indicator ". 
Two independent power rectifiers are used, one to supply D.C. to 

the bridge amplifier, the other providing the D.C. polarizing voltage to 
the capacitor under test, this being continuously variable over three 
ranges. It should be applied progressively up to 90 per cent of the 
working voltage and returned to zero slowly on completion of test 
This ensures that the capacitor is fully discharged. 
A double-range milliammeter (F.S.D. =- 5 or _50 mA) in series with 

the polarizing D.C. and the capacitor under test records the leakage 
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current. In the event of a capacitor-short, the rnilliammeter is pro-
tected by the lamps. The leakage current of " dry" electrolytics 
should not exceed 0-15 x C x V µA, where C is the capacitance in 
microfarads and V as the working voltage. 
The capacitor under test is connected to the " Cx " terminals with 

its negative lead to earth (E). The capacitance control (Cap) must be 
adjusted for minimum reading on the Balance Indicator. The former is 
calibrated in terms of microfarads (0-2-2.2) and, when read in con-
-junction with the setting of the multiplier, provides the required 
capacitance. To measure the percentage power factor, the " PY." 
control must be manipulated until the residual reading on the Balance 
Indicator reduces to absolute zero. " P.F." now shows the value of 
power factor. 

It is noteworthy that electrolytic capacitors usually record higher 
values than the rated capaci+ences. 

Valve Tester 

A valve tester is an essential equipment in any'radio /television work • 
shop. The measurements which can usually be effected with it are 
the mutual conductance (slope) of three-electrode and multi-grid valves, 
the emission of all types of diode, the heater/cathode insulation under 
working conditions (hot) and an approximation of the degree of evacua-
tion (gas-test). Short-circuits between electrodes may also be detected. 
The D.C. supplies to the valve under test are usually rectified but 

unsmoothed A.C. On some models a " Set " control provides slight 
variation in the input mains voltage. The L.T. supplies are variable 
from 14 to 117 volts. 
About twenty valve-holders are required to cater for all types of 

valves not yet completely obsolete, and vacant positions are generally 
provided for fitment of new types when introduced. The valve-con-
tacts are usually connected to their relevant D.C. supplies by a multi-
way, independently-operated roller switch. Discreet use of stopper 
resistors prevents parasitic oscillations when the valve under test is a 
modern" high-slope " type. A cut-out safeguards the valve from over-
loads in some models. 

Special switching arrangements involve the following considerations: 
• 

(1) A variable Ea supply provides a very low value when signal 
diodes are under test. 

(2) " Other anodes ", such as mixer anodes, D.D.T. anodes, 
D.D.D. anodes, etc., are switched-selected in turn. 

(3) Thyratrons, cold cathode rectifiers (C.C.R.) and neon 
indicators need an external load resistor connected to the terminals 
provided. The Ea switch in this case must be set to a value just 
above the striking voltage of the valve. 

(4) The " slope-test switch increases the value of Eg by 1 volt 
for direct reading of the Gin-value after zero-setting has beer 
completed. Full-scale deflection may be switched from 15 mAive:t 
Lo 3 mA/volt to provide a more accurate reading with low-slipe 
valves. 

(5) The screening grid switch inserts a load between H.T. 
positive and G2 of output A.F. multi-grid valves to prevent 
" trioding ". 
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(fl) The " cathode insulation" switch converts the valve unde. 
test into a rectifier. A capacitor and the cathode/heater leakage 
resistance now become the load combination. The meter records 
the load current, which is inversely proportional to the leakage 
resistance, and the scale is suitably calibrated in megoluhs for 
this purpose. 

(7) The " gas-test" switch short-circuits a 100-1d2 resistor in 
the grid circuit of the tested valve when Egl is about — 1 v alt. If 
reversed grid current caused by positive ions striking the grid 
exists, the removal of the volts-drop by the shorting action pro-
duces a slight fall in anode current. The reversed 1g may be as 
high as 10 pA. • 

A booklet is generally provided by the manufacturers with each 
meter, listing the roller-switch positions and other relevant data for 

FIG. 26.—OUTPIIT METER ARRANGEMENTS. 

some 3,000 valves in use. In the case of the Mullard High-speed Tester 
correct -potentials are applied automatically by the insertion of a 
punched card. 

Otitput-power Meter 

The function of this instrument is to measure the output audio-
frequency signal power or the output noise power of a receiver. 

Basically, it merely consists of a tapped audio-frequency transformer 
for effecting a match between the meter and the receiver output valve 
together with a suitable monitor. Fig. 25 (a) shows typical circuitry 
of the more superior types, whilst Fig. 25 (b) shows the monitoring 
arrangement of other types, R being a calibrating resistor. The bridge 
rectifiers shown in (a) and the straight full-wave rectifiers in (b) are small 
" meter types" such as WX1. 
A fixed 150-ohm impedance is provided by lower-grade meters, 

whilst that of Fig. 25 (a) is variable between 2-5 ohms and 20 ka. 
The output rectified D.C. is recorded by the microammeter, which has 
a full-scale-deflection current of the order of 50 /hA and is calibrated in 
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terms of milliwatts and decibels. The " Mete' Multiplier Switch" 
(0.1-100, four-step) varies the calibrated output between values of 
5 milliwatts and 5 watts at full-scale deflection. 
The useful frequency range should be from 50 to 8,000 c/s, over which 

the meter response should be level within, ± 1 db. 

A.F. Absorption Wattmeter 
This instrument is virtually a " modified output power meter ", as 

it usually registers audio-frequency output powers between some 10 itW 
and 6 watts by a ten-step switch. A tapped matching transformer 
provides about twelve impedance-values over the range of 2.5 ohms to 
20 kt. It functions satisfactorily over an audio-frequency range of 
SO cle to 20 kejs. Temperature compensation is incorporated. 

R.F. Absorption Wattmeter 
This type of instrument is the transmitter -counterpart of an output- . 

power meter in that it registers the radio- frequency output of a 
transmitter. 
In a typical instrument, two impedance-values are presented by the 

instrument to the transmiWir under test, these being monitored by a 
double-range meter and are 0-1 watt working into a 52-ohm load and 
0-25 watts working into a 70-ohm load. The frequency coverage is 
from 1 to 100 Me/s. 

Decibel Meter 
These instruments frequently provide four ranges of power measure-

ment to a reference power level of 1 inNV in a 600-ohm load. 
The impedances presented by a switched audio-frequency transformer 

are usually of the order of 75, 150 and 600 ohms. The power ranges 
covered may be from — 15 db to + 30 db over a frequency range of 
200 c/s to 120 kc/s. The output-rectifying arrangement uses four 
germanium crystals in a bridge-circuit. 

This meter has its chief applications in high-power transmitters,. 
line and V.F. level measurements 

Circuit Magnification Meter (Q-Meter) 

The primary functions of a Q-meter are: 

(1) Measuring the Q-values of coils within a frequency range of 
about 50 Ice/s to 75 Mc/s. 

(2) Measuring the values of small capacitors (less than 450 pF). 
(3) Measuring the self-capacitances of inductors. 

The tuning capacitor and its associated vernier of the test circuit 
(together denoted " T.C." in Fig. 26) are calibrated in picafarads for 
the capacitance measurements. The versatility of this instrument 
enables several secondary measurements to be effected. 

Fig. 26 shows the basic arrangement generally adopted. A con-
ventional positive feedback tuned grid or a cross-connected push-pull 
typé of radio-frequency oscillator with high-frequency stability passes 
radio-frequency current through the heater element of a sensitive 
thermo-couple and a 0.04-ohm manganin strip " R " The D.C. milli. 
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voltmeter " Q-range " records the potential difference produced across 
the thermo-junction, any radio-frequency energy being removed from 
the meter by a radio-frequency filter. The radio-frequency voltage 
developed across R by the oscillator acts as the input to the series-tuned 
circuit comprising the inductor under test, R and the calibrated 
capacitor(s) T.C. When the radio-frequency oscillator develops a 
Q-range value of " X1 ", 20 mV are developed across R, this being 
magnified Q times" to appear across L or T.C. The voltage across 
T.C. is applied to the valve voltmeter, and has a value of 5 volts R.M.S. 
when the output " Q-value meter " records full-scale deflection. The 
latter is calibrated in Q-values of 10-250. If the radio-frequency 
oscillator output is halved by manipulation of the " Magnification " 
control, the Q-range indicator records " X2 ", 10 mV then being 
produced across R. If F.S.D. is again effected on the Q-value meter, 
the input to the valve voltmeter must still be 5 volts, hence the magni-
fication of the circuit under test has obviously doubled, and all Q-values 
recorded must be doubled (20-500). 

H.T. 

MAGNIFICATION 

FIG. 26.— BLOCK LAYOUT DIAGRAM OP 'TYPICAL Q-METER. 

0 - RANGE 

* 
TH.V INDUCTOR 

:1:3 50/500 
pF pf 

An " External Meter " jack provides for the connection of an external 
meter. The " Set Zero " control is that normally associated with valve 
voltmeters. 
When setting-up the instrument it is essential that the magnification 

controls are fully anti-clockwise before switching. This protects the 
thermo-couple. To protect the microammeter in the valve voltmeter 
the instrument should not be switched on without an inductor being con-
nected across the concerned terminals. Before commencing operations, 
a half-hour warming-up period should be allowed. 

Measurements with a Q-Meter 

By virtue of the calibration accuracy in both oscillator frequency and 
in test-circuit tuning capacitor T.C., several useful measurements can 
be effected with a Q-meter as follows: 

Determination of the Q of an Inductor 

(1) Tune the radio-frequency oscillator to the required frequency. 
(2) Connect the coil to the Inductor" terminals. 
(3) Adjust " Magnification" until the " Q-range " meter shows 

" X1 ". 
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(4) Adjust T.C. for resonance, i.e., for maximum on the " Q-range " 
meter. If the pointer swings above F.S.D. (Q = over 250), adjust 
magnification until " X2 " is recorded on the Q-range meter and 
re-resonate. 

The value of Q is that shown on the magnification (Q-value) meter if 
the Q-range was set up on Xl, or double this if on X2. 
At frequencies below 15 Mc/s, the self-capacitance of the coil Cs 

throws an error, in which case the true Q-value is Q0(1 Ce/C1), 
where Q0 is the recorded Q-value and Cl is the value of T.C. 
Another method of determining the Q of a coil is as follows: 

(1) Resonate both circuits to the required frequency. 
(2) Adjust the oscillator output until the magnification meter 

indicates a convenient Q-value ( 141 or 100). Note the oscillator 
frequency. 

(3) petune the oscillator until half-power output results, i.e., 
until the recorded Q-value has fallen to 0-707 times that of sub-
para. 2 ( 100 or 71). Call the change in oscillator frequency 8f. 

The Q-value is now given by fo/26f, where fo is the resonant frequency. 
As 8f is only a small change in frequency, accurate results are not usual 
with this method. Greater accuracy is obtained with the following 
system : 

(I) Resonate both circuits to the required frequency and adjust 
the oscillator output for the same Q-value as before. Note the 
oscillator frequency and the calibrated value of T.C. Call this C. 

(2) Detune T.C. until half-power output results (0.707 x original 
Q-value). Call the required change in capacitaiwe SC. 

The Q-value is now given by CISC. Actually, the value of SC taken 
should be the average of the capacitance çhanges on either side of 
resonance necessary to reduce Q to 0.707Q. 
As both of the foregoing methods involve only small percentage 

detuning, inaccuracies are inevitable. Still greater accuracy results if 
the following system is adopted: 

(I) Resonate both circuits to the required frequency. 
(2) Adjust the oscillator output for a convenient value of Q 

such as 224, 158 or 103. Call this Ql. Note the oscillator 
frequency fo. 

(3) Detune the oscillator until the Q‘value shown falls to a 
convenient value Q2 such as 100, 50 and 25 respectively for the 
examples suggested in sub-para. 2. Call the change in oscillator 
frequency Sf. 

Tho Q-value is now given by e,\/(91)2_ 1, this simplifying to 
fo 2of Q2 kffo Or 2; for the three examples previously suggested. 

Comparable accuracy results if detuning is effected on T.C. instead 
of varying the oscillator frequency. In this case the Q-value is given 

by ) 2 - I, where C, W, Q1 and Q2 have the previous significa-
SC Q2 
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tions. For the three cases quoted, this expression simplifies to 2C/8C, 
30/8C and 40/80 respectively. 

Determination of the Self-capacitance of a Coil 

The self-capacitance of an inductor may be determined by one of the 
following methods with varying degrees of accuracy: 

(1) Connect a coil of the inductance of the inductor under 
test to the " Inductor " terminals. 

(2) Resonate to a frequency requiring not moro than 100 pF 
on T.C. Note this value of tuning capacitance. 

(3) Connect the inductor under test to the " Capacitor" 
terminals. 

(4)• Reduce the value of T.C. to obtain resonance again. Note 
the new yalue of T.C. 

Tile self-capacitance of the test inductor is now given by the difference 
in the T.C. values of sub-paras. 2 and 4. Greater accuracy devol..es 
from the following method: 

(1) Connect the coil under test to the " inductor" terminals. 
(2) Set T.C. to about 70 pF and tune the oscillator to the test 

circuit. Note its frequency. 
(3) Reset the oscillator frequency to exactly half that of sub-

para. 2 and re-resonate on T.C. 

If the values of T.C. in sub-paras. 2 and 3 are denoted by Ca and Cb 
respectively, then the self-capacitance of the inductor is given • by 
Cb — 4Ca 

3 . Alternatively, the inductor may be resonated at any two 

frequencies h and fs, when the self-capacitance of the inductor under 
test is given by fI2Cb — f22Ca pF. If f = nfi, this simplifies to 

- f 
Ob — n2Ca 
n' — 1 

Capacitance Measurement 

Caper t,,-.‘rs with values up to about 400 pF may be measured with 
good accuracy -.6 follows: 

(1) Connèct a suitable coil to the " Inductor " terminals and 
resonate it with a high value of T.C. (450-500 pF). A suitable 
frequency is of the order of 2 or 2 Me/s. Note the calibrated value 
of T.C. 

(2) Connect the capacitor under test to the " Capacitor" 
terminals. 

(3) Reduce the value of T.C. until resonance once more obtains. 
Note the new value of T.C. 

The value of the capacitor is the difference between the values of T.C. 
in sub-paras. 1 and 3. 
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Inductance Determination 
The inductance of a coil can be determined as follows: Connect 

it to the " Inductor " terminals and resonate the oscillator to the test 
circuit. From the values of T.C. (C) and resonant frequency (f), the 

1  
value of L is given by (2trf)2C. Strictly speaking, this involves an 

error due to the self-capacitance of the inductor. This should be 
determined and added to the value of C if greater accuracy is required. 
The error may be avoided by the following procedure: 

(1) Connect the coil to the " Inductor " terminals. 
(2) Resonate it to a frequency requiring about 100 pF on T.C. 

Note the oscillator frequency (f1). 
(3) Tune the oscillator to exactly half this frequency (fe). 
(4) Tune T.C. for .resonance once more and nota its new capaci-

tance. Call the change in capacitance from sub-para. 2 to sub-
para. 4, Cd. 

The true inductance-value of the coil is now given by 

3 3 
(7)-1-12D-a or 4012 Ca 

where co, and 0,2 refer to f, and f2. 

Determination of Radio-frequency Resistance 
The radio-frequency. resistance of an inductor at a given frequency 

is determined as follows: 

(1) Connect the coil to the " Inductor " terminals. 
(2) Tune tho oscillator to the required frequency. 
(3) Adjust T.C. for resonance. Note the Q-value recorded (Q,). 
(4) Connect a sub-standard non-inductive resistor R in series 

with the inductor and re-resonate. Call the new Q-value Q l. 

The radio-frequency resistance of the inductor at the specified 

frequency is now given by Q Qi R1 — Q2. 

Determination of Dynamic Resistance 
The dynamic resistance Rd of a parallel-tuned circuit may be deter-

mined as follows: 
(1) Connect a coil comparable in inductance to that of the test 

inductor to the " Inductor " terminals and resonate to the required 
frequency. Call the value of T.C. C and the resultant Q-value Qi. 

(2) Connect the test circuit across the " Capacitor " terminals 
and cime it to the desired frequency (from previously noted cali-
bration of its tuning capacitor). The recorded value of Q will fall. 
Call the new value Q 2. 

The dynamic resistance of the test circuit is now given by 

Rd 0.159 x Q, x Q, MÛ 
—  fe(Qi — Qt) 

where C is quoted in pF and f inMels. 
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Measurements of Small Impedances 

These are concerned with the radio-frequency resistances of com-
ponents having low D.C. resistances, e.g., thermoammeters, small 
inductors, the inductances of large capacitors, etc. The method is as 
follows : 

(1) Connect a small inductor to the " Inductor " terminals and 
resonate at a fairly high frequency (20 Mc/s). Call the recorded 
Q-value Q, and the value of T.C. C1. 

(2) Connect the test impedance in series with the earthy end of 
this inductor, ensuring that no coupling exists between them. , 

(3) Re-resonate to the original frequency. Gall the recorded 
Q-value Qs and the new value of T.C. Cs. 

At the selected frequency the required values of radio-frequency 
resistance of inductance or capacitance respectively, denoted Rx, Lx 
or Cx, are now given by 

1 1 1  \ — C„ 
Lx = Cx —  C'es 

co\ Cal Call' c,— C, 
Greatest accuracy results in the case of Lx and Cx when C, = 2Cs or 
Cs = 2C, respectively. 

Determination of the Characteristic Impedance (Zo) and the Velocity 
Propagation Constant ( Ve) of a Feeder Line 

The characteristic impedance of a feeder line may be determined as 
follows : 

(1) Select a length of feeder less than A/4 long. 
(2) Connect a suitable coil to the " Inductor " terminals and 

resonate it to the oscillator at the frequency . correspond ing to A 
in sub-para. 1. -Note the value of P.C. 

(3) Connect the feeder length to the " Capacitor " terminals. 
(4) Reduce the value of T.C. until resonance once more obtains 

(the feeder is now acting as a capacitor). Note the value of T.C. 
Call the required decrease Coc. 

(5) Short the far end of the feeder length and retune for 
resonance. As it now acts as a parallel inductor, more capacitance 
than that of sub-para. 2 is required. Call this increase Cac. The 

value of Zo is now given by  1     where the capacitance 
(eV, Coe.Cac. 

values aro quoted in farads and /in cis. 

The velocity propagation constant may be determined with the same 
arrangement as follows: 

(1) Proceed as in sub-paras. 1 and 2 above. 
(2) Connect the feeder length to the " Inductor " terminals and 

short the far end. 
(3) Increase the oscillator frequency. Re-resonate and note the 

value of T.C. 
(4) Connect the feeder length to the " Capacitor " terminale and 
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re-resonate. Note the value of T.C. The difference capacitance 
will have decreased. 

(5) Repeat sub-paras. 3 and 4 until this difference capacitance 
has fallen to zero. Note the oscillator frequency when this point 
is reached and evaluate the corresponding A/4 free space value 
(= VW). 

(6) Measure the physical length of the sample feeder. 

Feeder Length  
The value of Ve is now given by 

Free Space A/4 Value 

STAB. 150V + 250 V + 

Fm. Q-METER CIRCUITRY (POWER SUPPLIES OMITTED). 

SET 
ZERO 

MONITOR 
(CENTRE 
ZERO) 

V.H.F. Q-Meter 

The V.H.F. version of the Q-meter is functionally different to the 
normal medium-frequency/high-frequency model, as the frequency 
range extends higher into the V.H.F. spectrum ( 16-170 Mc/s). 
A different monitoring circuit is usually employed, as can be seen 

from Fig. 27. In this instrument the radio-frequency output developed 
across the coupling coil Li is rectified by the diode D2, attenuated by 
the " Read Q' potentiometer and applied as D.C. input to the D.C. 
amplifier V4. A fraction of the oscillator output is simultaneously 
injected into the test circuit via the common coupling inductor L2. 
This becomes magnified " Q times ", rectified by the diode DI and 
applied as D.C. to V4 via the potential divider formed by R and the 
" Q-range " switch. This voltage is opposite in polarity to that from 
D2, and if equal in magnitude to it, the anode voltages of V4 may be 
equalized by the " Set Zero" control. The monitoring meter then 
reads zero (centre). This system avoids the necessity for accurate 
oscillater monitoring by a thermo-couple, etc. The " Read Q" 
control is calibrated in terms of Q, and must be adjusted for a centre. 
reading (zero) on the monitor. 

Zero-setting is actually carried out with the radio-frequency oscillator 
out of action, this being effected when the Set Zero control is depressed. 
The test circuit tuning capacitor " T.C..." has a maximum capacitance 

of the order of 90-100 pF. 



311-38 RADIO AND TELEVISION REFERENCE BOOK 

Circuit Analyser (Signal Tracer) 

This instrument simulates and detects signals at all stages of a receiver 
for rapid fault-finding purposes. Hence it is a combined test oscillator, 
valve voltmeter and audio oscillator. A built-in audio-frequency 
amplifier boosts the receiver audio-frequency signal for operation of a 
magic-eye indicator or the receiver loudspeaker. 
The instrument often has its own loudspeaker and associated match-

ing transformer, or it may be fed direct from the receiver output trans-
former. External headphones may be connected if the signal is very 
weak. 
The probe unit carries a high-efficiency pentode detector which 

operates the magic eye direct or is amplified and applied to the loud-
speaker. A high input impedance will permit detection of D.C. 
potentials associated with the automatic-gain-control circuit. 

FIG. 28.—MODIILATION METER ARRANGEMENTS. 

Modulation Meter 

A modulation meter is a device giving a direct indication of the 
percentage modulation effected by a high-power transmitter. Two 
arrangements are shown in Fig. 28. The coupling coil L of Fig. 28 (a) 
is coupled to the tank circuit of the final power-amplifier stage. The 
pulses of current rectified by the diode charge the capacitor C at a 
short time-constant, i.e., C.Ra. The voltmeter (V) is an electrostatic 
type, and due to the long discharge time-constant of the load combina-
tion (R 50 Mil) it registers the voltage across C. The full-scale 
deflection value of the voltmeter may be 1,000 volts or so, and due to the 
cramped scale associated with this type of instrument, the unmodu-
lated calibration is arranged to coincide with half full-scale deflection, 
i.e., 500 volts. 100 per cent modulation increases this to 1,000 volts. 
Hence the open extent of the scale which covers most of the dial (50e-
1,000 volts) can be accurately calibrated in terms of " percentage 
modulation ". 
The arrangement in Fig. 28 i(b) compares the amplitude of the audio-

frequency modulating component with the mean carrier amplitude. 
The input is applied to the dode Dl, the resultant radio-frequency 
current being smoothed by the Cl/R.F.C./C2 filter. Hence the common 
cathode current produced through Rb is proportional to the peak carrier 
input i.e., it carries the modulating audio-frequency component. This 
is filtered by R1 /C3, leaving only the D.C. component of voltage across 
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03, this being proportional to the " mean " or unmodulated radio-
frequency input. The voltage developed across RI is thus the difference 
between that across Rb and C3, i.e., it is proportional to the modulation. 
This biases D2 anode negatively during modulation peaks and positively 
during the modulation troughs. The latter produces rectified, current 
through the load combination R1.C4 of D2; hence the voltage across C4 
is proportional to .he peak (negative) modulation. This voltage is of 
opposite polarity to that across C3. With 100 per cent modulation they 
are equal in magnitude, so the voltage between the grid of V3 and earth 
when the switch is at P (peak) is zero. With the switch at C (carrier 
only) the V3 cathode meter is arranged to read full-scale deflection; 
this corresponding to 0 per cent modulation. The action of the modu-
lating component thus produces an annulling negative potential on the 
grid of V4, which takes this valve virtually to cut-off with 100 per cent 
modulation. The V3 cathode meter is thus calibrated " 0 per cent 

I/P 

F. M . RX. 

i SUM OF 
DIODES 0/P S 

DIODES 
A.C. 0/P 

L.P. 
FILTER 

CHECK 
 n LIM. 
LEVEL 

DIFF:CE OF DISC. 
DIODES 0/P'S BAL. V.V. 

—°ALIGN. 

fe'  

A.F. AMP. RECTIFIER] 

29.—DEVLATION METER. 

DEV. 

. modulation" at full-scale deflection and " 100 per cent modulation" 
at zero deflection. The percentage modulation is read direct when the 
switz: is made to the P position. 

Frequency-modulation Deviation Meter 

This instrument records the frequency deviation of a frequency. 
modulation transmitter. Monitoring may also be effected aurally with 
headphones or by visual inspection of the modulation waveform with 
the aid of a cathode-ray oscilloscope. 

It comprises a calibrated low-sensitivity frequency-modulation 
receiver up to and including the discriminator stage, a two-stage audio-
frequency amplifier (which is switch-convertible to a balanced-valve 
voltmeter) and an audio-frequency rectifier. The monitor is a sensitive 
microammeter switchable to one of three positions, as shown in the 
block schematic layout of Fig. 29. These are: 

(I) Check Limiter Level. At this position the gain of the moni-
toring receiver is adjusted such that the combined output of the 
discriminator diodes (one diode output reversed in polarity) is to 
some pre-determined level such as the right-hand position of the 
monitor pointer in Fig. 29. 

(2) Discriminator Alignment. The .monitor now becomes a 
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centre-zero balanced-valve voltmeter in conjunction with tho 
audio-frequency amplifier valves, so normal discriminator align-
ment may be effected. 

(3) Deviation. At this position thé amplifier valves assume 
normal functions. The audio-frequency output from the dis-
criminator is amplified, rectified and recorded by the monitor. The 
reading on the monitor is thus proportional to the peak deviation in 
the frequency of the transmitter carrier. The monitor is calibrated 
in terms of kc/s deviation ". 

The frequency coverages of the instrument vary with the transmitter 
for which it is designed, and so may be between 10 and 200 Mc /s. 
The 'deviation recorded may proceed in steps of 5 kc/s, or may be 
continuously variable up to ± 300 kc/s. 

FIC1. 30.—CRYSTAL ACTI7ITY TESTER. 

Crystal Activity Tester 

With this type of instrument a cheek can be made on the activity of 
a quartz crystal having a fundamental frequency between some 100 kc/s 
and 8 Mc/s. This is usually accomplished by comparing the equivalent 
parallel resistance of the crystal under normal working conditions with 
that of an internal LC circuit tuned to a pre-determined frequency 
(250 kc/s). Sockets are provided to take the standard crystal-holders. 

Fig. 30 shows the essential cjacuitry. The Vi /V2 oscillator comprises 
a cathode follower stage (V1) which is cathode coupled via a radio-
frequency transformer to a conventional resistance-capacitance 
amplifier (V2), from the anode of which positive feedback is applied to 
VI grid via 03 ( 10 pF). The inputs to VI grid and V2 grid are arranged 
to be anti-phase to maintain oscillations. The amplitude of these 
depends on the dynamic resistance of the circuit selected by Si. At 
position " Z " this is the test circuit L-C1-02. At other positions it is 
the crystal under test shunted by different capacitances (20 pF, 50 pF, 
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etc.). The frequency of the derived oscillations is decided by the 
cathode secondary, and C4, Si, S2 and S3 are ganged. 
The amplitude of the radio-frequency oscillations is controlled by R1 

and monitored by the microammeter. Output is adjusted for a con-
venient reading on the monitor with the crystal in circuit and shunted 
by the appropriate capacitance. The LC test circuit is now switched 
in and tuned for a similar output by manipulation of Cl ( 100 pF), 
this being calibrated in kf). C2 (50 pF) sets the scale calibration. 
L—C1-02 is a high-Q circuit, and is negligibly damped by the cathode 
follower. 
V3 provides limiting action to the meter when the oscillations become 

excessive. Rectified current from Dl due to radio-frequency voltages 
from S3 produces volt-drops across R2 -I- R3 which back off Ea and 
decrease the standing anode current. This limits the movement of the 
microamrnoter pointer, 
Tbe parallel resistance recorded in kfl on Cl should ue up to the 

standard specified by the crystal manufacturer for the particular 
shunting capacitance concerned. 
Output may be taken from the instrument to check frequency meters. 

Frequency-measuring Instruments 
A great variety of frequency-measuring devices is available. 

Generally, these may be segregated into four distinct groups according 
to their modes of operation. 

(1) The heterodyne type of frequency-meter is basically a very low-
power transmitter convertible by exChange of telephone points into a 
very low-sensitivity receiver. In both cases the degrees of frequency-
calibration and frequency-stability are of a high order. When a 
transmitter is under frequency check, the instrument becomes a receiver 
very loosely coupled to it. When a receiver is under frequency check, 
' tlie telephones are plugged into it and the instrument becomes a trans-
mitter very loosely coupled to it. In both cases heterodyne action 
takes place, so tuning is adjusted for zero-beat note, the two frequencies 
concerned then being virtually the same. The required frequency is 
always read from the meter. This method is the most accurate, errors 
of within 0-02 per cent being common. 

(2) The absorption type of frequency-meter relies for its action on the 
resultant absorption of radio-frequency power from the metered circuit 
when the meter is coupled to it; -This power is used to actuate a reson-
ance indicator such as a microamineter, a small pea-lamp or a neon tube. 
These meters are only of use with transmitters or oscillators, aid a.3curacy 
is of a low order. 

(3) A crystal calibrator is basically a heterodyne type of frequency-
meter, which does not provide continuously variable tuning but a series 
of " spot" frequencies, intermediate frequencies being located on the 
equipment under test by careful interpolation. 

(4) The grid-dip oscillator (G.D.0.) functions on a somewhat reverse 
principle to the absorption-type frequency-meter. It is coupled to a, 
" dead " (non-oscillatory) circuit under check, and the energy abstracted 
affects the action of the grid-dip oscillator. A resonance indicator 
shows when this is a maximum. 
None of the first three types can be used to determine thé frequencies 

of dead circuits. 
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Heterodyne-type of Frequency-meter 

iis type is generally used at all frequencies up to 40 or 50 Mc/a. 
The principle of operation adopted is usually based on the production of 
sideband-component frequencies when a carrier wave is modulated. 
The modulating frequency is arranged to have a waveform rich in 
harmonic content in order that multiple sidebands are produced, e.g., 
if a carrier frequency fo becomes modulated by a non-sinusoïdal fre-
quency fm, then the spot frequencies usable for check purposes may be 
fo — 3fm, fo — 2fm, fo — fm (lower sidebands), fo (the carrier), fo + fm, 
fo + 2/m, fo ± 3fm (upper sidebands), etc. To aid this action, the 
carrier oscillator is deliberately over-modulated. 

I-1.T 

FEEDBACK 

SET 
ZERO 

As 

100L 1 
2 

kc/s -elc/si 

31.—HETERODYNE TYPE or FEEQTJENCY•METER. 

Fig. 31 shows the essential circuitry of a popular instrument. The 
hexode regenerative tuned-grid oscillator is tuned to a pre-determined 
spot frequency' at each of the switch positions 1 and 2 such as 4 and 
7 Mc/s. These act as the carrier frequeneies. Cl is a vernier tuning 
capacitor (20 pF) capable of varying the carrier frequency by 100 kc/s, 
and is suitably calibrated 0-100 kc/s. At these switch-positions the 
carrier is modulated electronically by the 100-kc/s triode crystal 
oscillator. This produces sideband components of the carrier at inter-
vals of 100 kc/s, which together with the freqgency variation provided 
by Cl, give continuously variable coverage from 1.5 to 10 Mc/s. The 
" Set Zero" control is adjusted for zero beat note with Cl at 0 (zero). 
To use the instrument intelligently, it is essential-that the frequency of 
the receiver or transmitter under check is known within 100 kc/s. 
At switch-position 3 the hezode oscillator is out of circuit, and the 

triode functions at 1 Mc/s. Beat notes will be heard at 1-Mc/s intervals 
if the transmitter frequency is varied. 

Calibration charts are provided in some models when an accurate 
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slow-motion drive is used on fuir-range frequency coverage. Crystal-
check frequencies at frequent intervals enable accuracies within 0-01 per 
cent to be realized. 

Loose coupling must be used between the instrument and the equip-
ment under check, or the mutual inductance will throw an error in the 
developed frequency. 

Absorption Type of Frequency-meter 

Few frequency-meters of the absorption type are commercially avail-
able for use on medium-frequency and high-frequency bands. The 
usual monitoring arrangement is a microammeter of some 50-250 itA 
full-scale-deflection current rectified by a gerManium crystal. The 
tuning inductor usually plugs into the end of the instrument case for 
ease in coupling to the metered transmitter. This type of instrument is 
convenient for tracing parasitic oscillations in a transmitting installation. 

Fig. 32 shows the circuit of a popular V.H.F. arrangement, as the 
design of heterodyne types becomes difficult at these frequencies. 
The primary frequency coverage is 150-300 Me/s, but secondary 

Fla. 32.--V.H.F. ABSORPTION 
FREQUENCY-METER. 

coverages of 20-80 Ws are available by using other plug-in tuning 
inductors. Calibration charts are provided for each range. The plug-
in inductors are large-diameter, air-spaced, high-Q coils very lightly 
loaded by the germanium crystal. This is ftirther aided by the light 
coupling to the monitoring circuit, Cl being only a few picafarads and 
C2 merely the capacitance between the front panel and the tuning 
capacitor. I is a 0-50 microammeter, which may become damaged if the 
coupling between transmitter and instrument is too great. Tuning is 
remarkably keen in view of the high-Q inductor and the light loading. 

Crystal Calibrator 
Basically, a crystal calibrator is a heterodyne type of frequency-meter 

which provides spot frequencies between about 1 and 40 Mc/s at inter-
vals of 10 ko/s (or 20 kc/s). These may be modulated at 400 c/s if 
necessary, when tho output valve becomes converted to an audio-
frequency oscillator. - 

Fig. 33 shows a typical block schematic layout. The 1-Me/s crystal 
oscillator generates copious harmonics, its output being fed direct to the 
aerial or to a multi-vibrator the frequency of which it locks at 100 kc/s. 
The output of this in turn locks a 10-kc is (or 20-kc/s) multi-vibrator. 
The outputs of both multi-vibrators and of the crystal oscillator are 
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î Ae 

10 kcp 
ULTIVI8 

FIG. 33.—BLOCK SCHEMATIC LAYOPT or A CRYSTAL 
CALIBRATOR. 

developed across a common load and fed to the aerial. As multi-
vibrators are noted for their impure waveforms, spot frequencies are 
aSailable for check purposes at intervals of 10 kc/s (or 20 ko/s) over the 
whole band. The free-running frequencies of the multi-vibrators are 
panel-adjusted by variable grid resistors. 
An external signal may be injected via the aerial terminal to develop 

voltages across the common load. These are mixed with the instrument 
oscillations, and the beat note is heard in the telephones. 

Grid-dip Oscillator 

Very few models of this type of frequency-meter are commercially 
available, although it meets with considerable favour in amateur 

Fig. 34 shows typical circuitry of a grid-dip oscillator which is a 
conventional Hartley oscillator except that the value of the grid resisto, 
is considerably lower than normal. This results in greater values of grid 
current recorded on the microarnmeter, the full-scale-deflection value 
of which may be 100 pA. The bscillator must be loosely coupled to the 
" cold cireuit" being metered and the tuning capacitor adjusted for 
maximum dip in the microammeter. Under these conditions the 
resonant frequency of the test circuit is the same as the grid-dip-
oscillator frequency. The tuning capacitor may thus be accurately 
calibrated in terms of frequency. 

If this instrument has a small battery valve, it may used as a " field-
strength meter ". 

H.T.+ 

Fm. 34.—Garn -DIP 
OSCILLATOR. 
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FIG. 35 — I3LocK ARRANGEMENT OY A STANDARD FREQUENCY-METER. 

Standard Frequency-meter 

This instrument is sometimes termed a synthesizer. It is a primary 
" master " frequency-meter, against which secondary frequency-meters 
may be checked for accuracy. 
A very stable crystal oscillator using a specially ground crystal func-

tions at a frequency of 50 or 100 Itc/s. This triggers a train of multi-
vibrators as shown in Fig. 35. The output from the final multi-vibrator 
(100 c /s) operates a synchronous clock. As the input to this clock is 
exactly 3+ 6 or  61„ of the crystal frequency, the stability of the crystal 
oscillator can be verified by checking the time recorded by the clock over 
a period (say 3 hours) against G.M.T. The series of harmonics developed 
by the multi-vibrators also have comparable accuracies, so the errors 
over long working periods may be within one part in 10'. 
To avoid confusion over the multiple frequencies involved, calibra-

tions not in use are masked. Sometimes an interpolating oscillator 
with a frequency variation of 1 kcis is used to provide an output which 
is continuously variable in frequency. 

W. C. R. 

CATHODE-RAY OSCILLOSCOPES 

The cathode-ray oscilloscope has come to play a most important role, 
both in the laboratory and in day-to-day servicing and adjustment. 
The invisible beam, or pencil of electrons which is •oduced in a 

cathode-ray tube is focused to its maximum concentration at the point 
where the be' encounters the fluorescent screen on the end of the tube. 
The brilliance is controlled by the voltage on the modulator of tie 

tube, while the application of suitable deflection fields will cause the beam 
to deviate from its normal position and consequently the spot of light 
to move across the face of the screen. 

This movement of the spot is called a trace, and the patter; produced 
by the trace is termed a display. 

Rectangular Displays 

There are many forms of display, the simplest and most common 
being the rectangular display, in which there are two distinct deflecting 
forces at right angles. One of these will cause the spot to move hori-
zontally across the screen, while the other will cause it ta move vertically 
up and down. 
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Fro. 36.—MODEL 1035 
CATHODE-RAY OSCILLOORAPH 

(Comor Instrunartals Ltd.) 

The deflecting plates are 
carefully aligned in manu-
facture so that the two de-
flection directions are ac-
curately at right angles, but 
the movement of the spot 
relative to the observer de-
pends upon the orientation 
of the tube itself. It is 
necessary to mount the tube 
in such a position that when 
voltage is applied to the X 
plates, the movement of the 
spot is in a horizontal 
direction. It is customary 
to mount the tube in a 
holder which permits a 
small rotation so that the 
trace can be accurately 

lined up. This is particularly necessary if the tube is provided with a 
ruled transparent graticule or cover plate to facilitate measurement of 
the co-ordinates of the trace. 

It is customary to make the horizontal movement of the spot propor-
tional to the primary variable, e.g., time, with the vertical deflection 
proportional to the dependent variable. 
The necessary deflecting voltages can also be produced by electro-

magnetic means, though this is less frequently used in oscillograph work. 
The most common application of a rectangular display is the presenta-

tion of waveforms. Here tne horizontal movement of tho spot is made 
proportional to time, and the vertical deflection is proportional to the 
instantaneous value of the voltage to be examined. The movement of 
the spot then traces out the waveform. 

Usually the time occupied by a single waveform is only a small 
fraction of a second. The time-base is thus synchronized with the 
" work" so that it generates a succession of horizontal movements at 
accurately repeated intervals. Trie successive traces then become 
exactly superposed, giving the impression of a stationary image. It is 
possible by this method to examine waveforms having frequencies 
ranging from a few cycles up to many megacycles per second. 
Wavefortn examination, however, is only one of the examples of the 

rectangular disr lay. Actually the horizontal movement can be made 
proportional to any desired primary variable, such as position, 
frequency, resistance, pressure, etc. 

Frequency Bases 

It may be more convenient to employ the usual time-base to sweep 
the spot across the screen, and either to use this voltage as the primary 
variable or to synchronize the time-base with the external source. 
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The plotting of frequency response curves provides _a example of this 
usage. The conventional time-base used in an oscilloscope generates a 
" sawtooth " voltage which increases at a uniform rate to a certain 
predetermined value and then falls rapidly to zero its shown in Fig. 37. 
This causes the .spot to move horizontally across the screen and then to 
fly back and repeat the cycle indefinitely. 
There are various forms of circuit, known as frequency modulators, 

in which the frequency generated can be controlled by the voltage 
applied to the grid of a valve. If such a circuit is fed with sawtooth 
voltage from the oscilloscope time-base, the frequency will change 
uniformly over a certain range. This varying frequency can be supplied 
to the circuit under test, and the output can be applied to the vertical 
plates of the cathode-ray tube. The resulting display on the tube will 
portray the frequency-response curve of the circuit. 
The same result could be achieved by using a mechanically totating 

capacitor to produce the required variation of frequency. In this case 
the oscilloscope time-base wolld be synchronized with the rotation of 
the capacitor shaft so that the movement of the spot corresponded 
exactly with the shaft rotation and hence with the frequency generated. 

Time-base Circuits • 

It is desirable to consider more closely the behaviour of the time-bases 
and amplifiers used with rectangular displays. This consideration 
will be related more particularly to the examination of waveforms, but 
it will be clear that the remarks apply to any of the many possible 
applications. 
As already mentioned, the time-base generates a easvtooth voltage, 

causing the spot to move uniformly across the screen and then fly back 
and repeat the performance. . Essentially a time-base consists of a 
capacitor charged through a high resistance. The voltage on the 
capacitor then increases gradually and more or 'less uniformly, and as â 
does do the spot is caused to travel across the screen. Across the 
capacitor is connected a valve or combination of valves so arranged that 
at a certain pre-determined voltage thé capacitor is discharged, thus 
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FIG. 39.—SIMPLE TIME-BASE 
CIRCUIT. 

The capacitor C is charged through the 
variable resistor R to permit the charging 

• rate (and hence the speed of movement of 
the spot) to be altered. The triode 
across the capacitor conducta, thus dis-
charging the capacitor when the voltage 
reaches a pre-determined value (derived 
here from the battery B) controlled by 
the voltage on the grid. 

producing the fly-back and permitting the Jperation to recommence. 
Fig. 39 shows a simple time-base circuit. 

Various requirements have- to be met in a satisfactory time-base. 
Simple resistance charging is only satisfactory in certain limited con-
ditions because as the capacitor charges, the current through the circuit 
will gradually decrease (actually in an exponential fashion) so that the 
rate of increase of voltage, and hence the rate of movement of the spot 
across the screen, will not be uniform but will gradually slow down. This 
will effectively change the scale of the display on the & ceen, giving 
rise to the effect known as non-linearity, as illustrated in Fig. 40. It is 
more usual, therefore, to charge the capacitor through a pentode valve 
which can be so arranged that it delivers a constant current over the 
range of operation required, and with such an arrangement the 
rise in voltage is strictly linear. Fig. 41 illustrates a pentode-charged 
arrangement. 

Effect of Trace Speed on Brilliance 

It is important aleo that the time occupied in the discharge of the 
capacitor at the end of the sweep shall be small. Otherwise a distinct 
trace will be visible on the return stroke, and this may confuse the 
observation. If the spot is moving rapidly, however, it will not leave 
any appreciable trace, and no confusion will result. In circumstances 
where a slow fly-back cannot be avoided, it is possible to arrange that 
during this portion of the trace a suitable negative voltage is applied to 
the modulator of the tube, causing the trace to be" blacked out ". 

Attention should perhaps be directed to this relationship between the 
speed of the spot and the apparent brilliance of the trace. Since with a 
given setting the light energy in the spot, is fixed, it is clear thàt the 
greater the distance moved by the spot in a given time, the less will be 
the apparent brilliance of the trace which it leaves. There are very 
few waveforms in which the spot is moving at a uniform rate throughout 
the whole of the trace, and consequently there is always some variation 
in brilliance. For simpler waveforms this variation is barely noticeable. 

FIG. 40.—DISTORTION OF 
WAVEFORM OWING TO NON-

LINEAR TIME-BASE. 
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FIG. 41.—PENTODE CHARGED 
TIME-BASE. 

. Here the resistor R in Fig. 39 is re-
placed by the pentode VI, the effective 
resistance of which is controlled by the 
voltage on its grid determined by the 
setting of Q. (This resistance does not 
vary with the anode voltage of VI as the 
anode current, i.e., the charging current 
of C remains nearly constant for varying 
anode voltage.) In the place of B in Fig. 
39, P controls the bias on the grid of V2. 

but in waveforms in which there is a very rapid rise or fall in voltage 
the spot may be required to move so rapidly that the trace is apparently 
missing. Fig. 42 gives an example of a trace of this type. The missing 
portion of the trace can be made visible by increasing the intensity of the 
spot, but this usually means that the image is too brilliant in the slower-
moving portions of the trace and, in any case, if the brilliance control is 
set too high, the focus may suffer. Circuits are sometimes used whereby 
the modulator of the tube is supplied with a voltage proportional to the 
rate of movement of the spot, so that the brilliance is automatically 
adjusted over the whole trace, but for all normal work this refinement 
is not necessary. 

Synchronism 
In the majority of applications the waveforms under examination 

are recurring. Consequently the time-base is arranged to operate at an 
exact sub-multiple of the frequency of the waveform under test, which 
results in the successive traces lying exactly on top of one another, giving 
the impression of a stationary image. With a 50-ois wave, for example, 
the time-base could be set te run at exactly 25 cis, which would result 
in exactly two complete waves appearing on the screen. If the time-

Fr<1. 42.—EXAMPLE or W AVEFORM WITH PARTS " MISSING OWING 
TO RAPIDITY or SPOT MOVEMENT. 
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H.T.+ 

R, 
,LOCITY 

OUTPUT 

AMPLITUDE 

C3 

SLI-71J)CH. 

FIG. 43.—TEE PUCELE T ME-BASE EMPLOYING " HARD " VALVES: A 
POPULAR ARRANGEMENT FOR GENERAL-PURPOSE OSCILLOSCOPES. 

$2, 2 k (max.)•, R3, 0.5 M; R4, 0-25M; R5, 1 M; C3, 0.1 µF; C5, OA. e; VI, 
screen potential, W-150 V. 

base frequency is not an exact sub-multiple, the successive traces will lie 
slightly displaced from one another so that the image will appear to 
drift through the screen in one direction or the other, while, of course, if 
the relationship is nowhere near correct, the result will only be a confused 
pattern of traces. 

It is impracticable to adjust a time-base to operate so precisely that 
its frequency remains an e>eo,t sub-multiple of the work frequency, even 
if the work frequency it& vers constant, which does not necessarily 
follow. Arrangements are therefore made to synchronize the time-base 
with the work. This is done by injecting a small proportion of the work 
voltage into the time-babe discharge valve. The circuits used are such 
that the point at which the discharge valve becomes conducting is 
controlled by the voltage on the grid of the valve, and the setting is 
normally chosen such that the time-base discharges when the spot has 
moved approximately across the whole screen. If the time-base is 
already in a condition where it is approaching the point at which it will 
discharge, the injection of a small pulse of voltage will in fact cause the 
discharge to take place. All that is necessary, therefore, is to arrange 
the time-base to operate at a frequency just slightly slower than the 
correct frequency and to superpose on the grid of the discharge valve a 
small voltage derived from the waveform under examination. 

This will have the effect of causing the time-base valve to discharge 
at the correct point (once every two cycles in the example preetriously 
given), so that the time-base is automatically maintained in operation 
at a correct sub-multiple. 

In practice, this is accomplished very easily by a mere alteration 
of the setting of the time-base control. Provided a suitable synchronizing 
voltage has been fed from the work into the time-base, it will then be 
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FIG. 44.—SWITCHING AND INPUT CIRCUIT or A TYPICAL OscaLoscore. 
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found that as the frequency control is altered the time-base locks at a 
series of sub multiples giving two, three, four, etc., complete waveforms, 
on the screen 

Control of Signal Voltage 

Turning now to the vertical deflection, the requirement here is that 
the Y plated shall be supplied with a voltage proportional to the effect 
to be examined. If this is already an electrical voltage the problem is 
simply a matter of ensuring that the voltage is of the right order. If it 
is too large, so that it would deflect the spot off the screen, it must be 
attenuated by a suitable tietwork. If it is too small to produce a 
satisfactory image it must be amplified. 

If the effect under examination is not electrical, it must DO converted 
into a voltage by means of some suitable signal converter. 

Currents can be measured in two ways. One is to, pass the current 
through a small non-inductive resistance and to observe the voltage 
developed across it. This is the most common arrangement, and is 
quite convenient if the oscilloscope incorporates an amplifier. The 
alternative is to use magnetic deflection, the current being passed 
through deflecting coils suitably located around the neck of the tube. 
Some instruments are provided with magnetic deflecting coils for this 
purpose. 

3 c 
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(a) (b) 

TO FREQUENCY 
FIG. 45.—ATTENUATIN CI NETWORKS SUBJECT 

DISTORTIOI.NT. 

Avoidance of Distortion 
It is impracticable here to discuss in detail the design of deflection 

amplifiers. Most oscilloscopes are provided with amplifiers which have 
been very carefully designed to give faithful reproduction over the range 
for which they are designed, both as regards amplitude and phase. 

It may be noted here that in oscilloscope technique frequency 
response, in the accepted sense, is of secondary importance. It is the 
phase- displacement which the signal suffers in its transit through the 
amplifier which matters, and a negligible phase displacement implies a 
mush ligher frequency response than would be required from a normal 

amplifier. It Should be remembered, moreover, that it is quite possible to intro-
duce distortion in the method of connecting the oscilloscope to the work, 
and the user should always satisfy himself that his method of connection 
is-steh as to obviate any error of this sort, and also make sure that he is 
really looking at what he thinks he is. It is always useful, having 
connected the circuit, to switch off the signal itself, leaving the circuit 
otherwise undisturbed. The trace on the screen should then be u 
horizontal line (assuming the time-base is still running). It is sometimes 
even advisable to repeat this process on the vertical axis by switching 
off the time-base and making sure that the trace on the screen reduces 
to a single spot. It is quite possible to_have some spurious signal 
injected into the horizontal deflecting system which would, of course, 
introduce queer distortions into the waveform which are not in fact 

actually present. Coupling or attentuating networks can also introduce distortion. 
For example, if a potentiometer is being used to feed the voltages to the 
oscillograph as shown in Fig. 45 (a) the ratio of V, to V1 will fsll as the 
frequency increases because of the inevitable stray capacitance across 
the input to the oscilloscope. This would have the effect of sup-
pressing harmonics and, making a waveform appear smoother than it 
actually is. Conversely, if the network of Fig. 45 (b) is used, the lower. 
frequency components -will be attenuated. These effects will indeed be 
familiar to the circuit engineer, but it is as well to mention them, 
because their effect may be overlooked. 
Mains hum or other spurious signals can be picked up on the leads to 

the oscilloscope, particularly if these are long and appreciably separated. 
Hum voltages will be superimposed on the work, the effect produced 



TEST EQUIPMENTS 38-53 
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X PLATES 

> GUN 

Y PLATES 

FIG. 46. --ESSEN TIAL8 OF A CIRCULAR TRACE CIRCUIT. 

If 11. C, the voltage on the X plates leads the input voltage by 45°, whilst that 
on the Y plates lags by the same amount, giving the required 90° phase difference. 
The diameter of the circle is controlled by P. Since it is difficult to make the capaci-
tances exactly equal, the resistors should be made variable over a small range. 

depending on the relative frequencies of the work and hum voltages. 
The image may wobble up• and down, or there may be a confusing 
multiplicity of traces. Cutting off the signal but leaving the remainder 
of the circuit in operation may disclose the presence of hum, but there 
is no hard-and-fast rule, and it is often a good plan, if any doubt exista, 
to try to observe the effect required in more than one way to see if 
similar answers are given. 

Transient Phenomena 

The app.:cations so far considered have all been recurrent, but the 
use of the oscilloscope is by no means limited to such phenomena. The 
same technique can be used to depict transient impulses. In this cam 
a " single-sweep " time-base is used, in which the spot is moved across 
the screen but then remains deflected until it is restored to normal. The 
actual trace may be too swift to be observed visually, in which case it 
must be recorded photographically, or by using a delay screen which 
retains the image for an appreciable time. 
For photographing the trace, cameras are available which focifs the 

image on the screen on to a film or plate. The shutter is opened just 
prior to the arrival of the transient and closed afterwards. The film 
or plate is then developed in the normal way. 

Radial Displays 

The rectangular display is not the only possible arrangement. Fre-
quent use is made of the circular trace or polar display. A magnetic 
deflecting system can be so arranged as to move the spot outwards from 
the centre to an extent dependent upon the magnitude of some signal. 
The actual direction of the movement will depend upon the position of 
the defleoting system, and if this is caused to rotate, it becomes possible 
to arrange a display in polar co-ordinates such that the angular position 
of the spot is proportional to the primary variable, while its distance 
from the centre is determined by the dependent variable. This is a 
form of display much used in radar, but it has industrial applications. 

It is not necessary to have a mechanically rotating magnetic deflecting 
system. The same result can be produced by suitably related voltages 
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applied to two pairs of deflecting plates at right angles. If two alter-
nating voltages of the same frequency are connected to the two pairs of 
deflecting plates the result will be a diagonal line. If, however, there is a 
phase difference between the voltages, the go and return traces will not 
coincide, and the resulting trace will be an ellipse. If the phase differ-
ence is made exactly 90°, and if the maximum deflections in both 
horizontal and vertical directions are made equal, the result is a circle. 
Fig. 46 shows the essential features of a circular-trace circuit. 

Control of Spot Intensity 

A circular display can be used in various ways. 
One method is to control the intensity of the spot by varying the grid 

voltage. The brightness control may be set so that the spot is normally 
just not visible. The arrival of the signal to be investigated is caused to 
increase the brilliance momentarily, so that the spot becomes visible for 
a brief instant at a position depending upon the relative time. Suppose, 
for example, that it were desired to examine the relative regularity of a 
series of impulses arriving approximately fifty times a second. The 
circular trace would be arranged so that the spot rotated exactly fifty 
times a second. Every time a signal arrived the spot would become 
momentarily visible at some position around the circle, and provided the 
successive impulses all arrived • at exactly irle-second intervals, the 
position at which the spot appeared would always be the same, so that 
the spot would appear to be stationary. If the signal frequency were 
slightly greater or less than 50 c/a, the spot would appear to move 
around a circle in one direction or the other, while if the impulses were 
arriving in an erratic manner it would appear to dance from side to side. 

Radial Line Display 

Alternatively, instead of causing the spot brilliance to be varied, it is 
possible to change the radius of the circular trace momentarily, by alter-
ing the voltage applied to the deflector plates. For example, the 
voltage could momentarily be cut off altogether, in which case the spot 
would return to the centre and then immediately fly outward to its 
-original position when the voltage was restored. The effect of this 
would be to produce a radial line, the relative position of which coula 
provide the information required. 

Information on test equipments specially developed for the servicing 
of television receivers will be found in Section 40. 
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39. RADIC RECEIVER INSTALLATION AND SERVICING 

INSTALLATION NOTES 

While the positioning of the receiver will usually be claimed as the 
privilege of the owner, the installation engineer should be prepared to 
point ont, tactfully, the disadvantages of unsuitable locations. In 
particular, the receiver should not be installed in small, unventilated 
recesses or in unduly warm or damp positions. Whenever possible, 
positioning should be made to allow freedom of air circulation on all 
four sides of the cabinet. Attention should also be paid to the accessi-
bility of the manual controls and to the ease with which the tuning dial 
can be read without parallax errors. High shelves and low tables are 
unsuitable in normal circumstances. 
The mains-supply socket should be fused for not more than 2 amperes; 

if the only suitable point is of a higher rating than this, the use of a 
2-ampere fuse plug is recommended, unless mains fuses are incorporated 
in the receiver. Mains leads should be so arranged that the minimum 
of movement will be necessary in the course of domestic cleaning 
operations. • 

Before connecting the receiver to the mains, check tne type of supply, 
whether A.C. or D.C. and the voltage under normal load: the word of 
the resident should never be accepted in lieu of such a test. Supply 
voltages even in the same district often vary considerably, as does the 
type of supply. 
The plug of an A.C. mains-operated recei-ver should always be tried 

in both positions to see which gives the least hum. If three-pin sockets 
are not fitted in the room, a mark should be made on the plug and socket 
and its significance explained to the user. With D.C. mains, of course, 
only one position is possible. Where no results are obtained on first 
switching on, the plug should be reversed in the mains supply socket. 
Make sure that all valves and scale lamps are firmly seated in their 

sockets, the valve clamps, if fitted, are properly in place and that all 
top-cap connections are securely fastened. Each valve should be tapped 
lightly to ensure that there are no internal loose connections or inter-
mittent short-circuits. 
For general coverage in areas not subject to bad radiated interference, 

an outdoor aerial of between 50 and 100 ft. in length (including lead-in), 
erected at least 20 ft. from the ground, will generally be satisfactory for 
reception throughout the range 10-2,000 m. 

Information on the types of aerial and their erection is provided in 
Section 21. 
While the importance of the earth connection has, to some extent, 

decreased with the advent of high-sensitivity receivers and better 
smoothing filters, it should be remembered that, particularly on long 
wave, it forms a valuable part of the aerial matching system, as well as 
affecting the interference and hum levels of mains-operated receivers. 
An efficient earth is also an important safety factor for all mains-
operated receivers. 

39-2 
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A rising-main water-pipe is suitable, provided that its surface is 
thoroughly cleaned, after which the connection should be made by 
means of a tightly fitting clamp. Gas, hot-water or drain pipes should 
not be used, nor should any connection be made tg an existing telephone 
earth. 

More detailed information on earths is given in the section on 
" Earthing ", Section 21, pages 30-32. 

SERVICING METHODS AND EQUIPMENT 

The speedy tracing of faults in broadcast receivers and allied electronic 
equipment depends basically upon the systematic location of, first, the 
section or stage of the receiver that is defective, and then the particular 
valve(s) and/or component(s) concerned. This is often accomplished 
by the progressive elimination of the unaffected seletione of the circuit, 
involving—in some instances—many separate tests. With experience, 
however, many of the preliminary checks can be carried out by the 
intelligent use of eyes, oars, nose and touch. 

In these tests the service engineer must call into, play his knowledge of 
radio fundamentals, the test equipment at his disposal, his past 
experience of similar faults and whatever data on the particular model 
that is to hand. His procedure will be largely governed by his test 
equipment, but will, in almost all cases, be compounded of voltage, 
current and resistance measurements, the substitution of suspected 
valves and components by others of known goodness, and the use of a 
substitute signal such as that provided by a signal generator, or, as it is 
often called, a service oscillator. 
The limitations, as well as the uses, of test equipment should Be borne 

in mind when trouble tracing. For example, for the reasons shown 
in Fig. 1, a lbw-sensitivity testmeter may give misleading voltage 
readings. Again, although-valve testers are of. undoubted assistance in 
the showing up of defective valves, they . should not be considered 

100K 83.3V 

60v 80V 

100K . 28.7V 

(b) 
• 

F10. 1.—EFFECT OF M ETER RESISTANCE. 

The above series of illustrations shows that when measuring hlgh-resistance circuits, 
a voltmeter of higher sensitiv.ty gives more accurate readings. (a) Thc actual voltage 
conditions existing in a simple pote ,,tial divider circuit when no voltmeter is present, 
showing 40 volts between points A and B. (b) A 1,000-ohms/volt meter on a 
100-volt range ( total resistance 100,000 ohms) would indicate 26.7 volts when connected 
between points A and B. (e) A 20,000-ohms/volt meter (X2) on a 100-volt range 
(total resistance 2,000,000 ohms) would indicate 39 volts between A and B. 

(ci 
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infallible: valves that pass muster when tested on an instrument, may 
nevertheless be unsuitable for particular applications; a fact that will 
be found only by substitution of a good valve while measuring the 
output of the receiver. 

Faults 
Before considering practical servicing procedures, it is first necessary 

to review briefly some of the faults which most frequently occur in 
standard broadcast receivers and the effects which they give rise to. 

Defects in radio equipment can be roughly 'classified into two over-
lapping groups: ( 1) mechanical faults; and (2) electrical faults. 

Purely mechanical faults, which are often self-evident, most 
frequently occur in the tuning circuits; cord-drives, for instance, some-
times break, and other manual controls and switches are subject to 
considerable mechanical wear. Loosening of the cement used to fasten 
the -valve envelopes to their bases or to the top caps is a common 
occurrence in old receivers. Extensive physical damage to a chassis 
or cabinet, caused, for example, by the accidental dropping of a receiver 
may also be met with. 
More numerous are the mechanical/electrical faults where mechanical 

failures adversely affect the electrical circuits. These are frequently not 
self-evident, and can often be traced only with the aid of correct 
servicing procedure. Short-circuiting of variable capacitors, „either 
over their entire span or in one or more positions; open-circUits in 
battery, power, aerial, earth and loudspeaker leads; short-circuits 
caused by the accidental bending of wires, the presence of metallic dust 
or other foreign bodies physical damage to the cones or speech coils 
of loudspeakers; noisy potentiometers caused by wear or dirt; and 
deterioration or damage to valve sockets and valve pins; these are 
frequent causes of failure. 
There are also many possible electrical and mechanical/electrical 

defects in the basic components. These include: 
Valves: heater failures.; loss of emission; ionization (producing 

" soft " valvés); breakdown of inter-electrode insulation, including 
heater/cathode leakage; fracture or disconnection of the leads between 
electrodes and valve pins; microphony (sensitivity to mechanical 
vi bration ). 

Resistors: open-circuits caused by excessive power dissipation or 
deterioration; development of high or low resistances at wide variance 
from rated values. 

Capacitors: complete or partial failure of insulation producing short-
circuits or D.C. " leakage " ; fracture of internal leads; loss of insulating 
wax as the result of overheating; " ageing " of electrolytic types pro-
ducing effective capacities well below rated values and an excessively 
high power factor; poor contacts between the rotary plates and outer 
sections of variable types. 

Inductors, Transformers: disconnection or breakage of windings by 
excessive power dissipation or faults in the wire; short-circuiting 
adjacent turns or sections; loose turns causing the effective inductance 
to vary. 

Switch Contacts: high resistance or open-circuit caused by dirt, 
corrosion or distorted contact springs. The on/off switch is a frequent 
source of trouble with battery models. 

Insulating Materials: D.O. or radio-frequency leakage. across " in-
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sulating" materials may be caused by moisture, metallic dust or the 
decomposition of electrolytic capacitors, or the use of unsuitable 
materials. 
The deterioration of radio components takes place comparatively 

rapidly in hot and humid atmospheres or where the receiver is kept in a 
damp place, and for this reason equipment intended for use overseas 
often requires special treatment. Salt-laden atmospheres may also 
increase the rate of deterioration owing to electrolysis occurring. Com-
ponents thus affected often show characteristic green spots, as do soldered 
contacts. The widespread adoption of " tropicalization " during and 
after the Second World War has led to much greater reliability of 
certain radio components. 

There are occasions when certain inherent defects or shortcomings in 
the original design of a receiver may only become noticeable, for 
example, where the set is used in particular localities or when the wave-
length of the local transmitter is changed. Poor " image " rejection; 
intermediate-frequency breakthrough; inefficient shielding; lack of 
selectivity and sensitivity may be met with in some areas and under 
certain conditions. Such faults often require modification of the 
original design. 

Incorrectly coded " resistors and capacitors sometimes slip through 
manufacturing tests and give rise to trouble in the receiver after it has 
been installed. 

Effects of Faults 

It has been shown in the preceding paragraphs that almost all com-
ponents and valves which together go to make up a receiver are liable 
to develop faults. Their effect, on receiver performance may take the 
form of: 

(1) the clearly apparent fault which cannot be ignored; 
(2) a gradual falling off in the standard of performance; 
(3) the intermittent fault which may re-occur only at widely 

spaced intervals; 
(4) the type of fault which disappears immediately any com-

ponent is touched. 

Symptoms also vesy considerably and fall, roughly, into the following 
classifications : 

(1) no output; 
(2) distorted output; 
(3) excessive hum; 
(4) whistles, " motor-boating ", " ringing ", " howling " and 

excessive interference between stations; 
(5) craekles, noise, excessive fading, " blasting " ; 
(8) overheating; 
(7) no sign.ds on certain wave-ranges, or portions of wave-

ranges, " blind spots " ; 
(P) lack of output; 
(1,) lack of sensitivity. 

The radio service engineer should have a thorough grasp of the more 
common origins of these symptoms; though, at the same time, he should 
constantly be on the alert for unexpected and " rare " faults. 
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No OwPut'. Complete absence of signals may be due to almost any 
of the uasic faults already listed. Systematic checking to localize such 
faults is described later under " servicing procedures ". The more 
frequent causes include the failure of: one or more valves; electrolytic 
smoothing capacitors; power and output transformers; smoothing 
resistors and chokes; power supplies, power transmission leads and 
open-circuit fuses (not necessarily blown); voltage-dropping resistors 
(particularly where the dissipation of power is high); " line corda ", 
barreters and pilot lamps in A.C./D.C. (" universal ") receivers. The 
choking of valve control-grids due to over-biasing, damage to loud-
speaker speech coils, fracture of aerial leads and switch faults are also 
common causes of a complete absence of signals. 
DISTORTED Ourfirr. Distorted output may be due to wrong bias 

voltages; faulty anode and screen resistors; short- or open-circuit 
by-pass capacitors; loss of emission in valves; " soft " valves; leaky 
A.V.C. lines; misalignment of push-button and other tuning devices, 
misalignment of tuned circuits; parasitic oscillation, particularly in 
audio-frequency stages; and leaky inter-stage coupling capacitors 
causing positive biasing. 
ExcEssivz Hum. Most A.C. and " universal " receivers possess a 

residual mains hum, but in a quiet room this should not be audible at 
approximately more than 1 ft. from the loudspeaker. The level may, 
however, be considerably increased by: open-circuit or " ageing ' 
smoothing capacitore; transposition of mains-input plug (" universal" 
types) ; external pick-up of stray mains hum; absence or failure of 
earthing system; short-circuit of wi9dings or leakage of power trans-
formers; defective valves, especially where the cathode/heater insula-
tion has completely or partially broken down; failure of grid resistors; 
open-circuit or resistance of switch contacts; open-circuit of grid 
inductors; and the transposition of connections to the loudspeaker 
hum-bucking coil. 
WHISTLES, MOTOR-BOATING, RINGING, ETC. A tuneable whistle on 

all signals usually indicates intermediate-frequency instability, which 
may be due to: failure of intermediate-frequency screen or anode by-
pass capacitors; excessive gain of intermediate-frequency stage result-
ing from failure of the intermediate-frequency bias resistor or capacitor, 
or from a too sharply peaked alignment of the intermediate-frequency 
transformers; batteries which have developed a high internal resistance; 
poor screening; stray capacity or inductance coupling; and poor lay-
out of components. 

-001 

2.—TRANSISTOn SIGNAL 
TRACER. 

This is a two stage amplifier 
for A.F. signal tracing. With 
the crystal diode probe it can be 
used for I.F. and R.F. circuits. 
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Constant howling or " motor-boating" usually denotes audio. 
frequency instability, although blocking of the local oscillator, loose valve 
bases, valve microphony and poor voltage regulation can also cause this 
trouble. Audio-frequency instability may arise from: failure of anode 
or screen by-pass capacitors; batteries with high internal resistance; 
stray coupling. 
" Ringing " usually denotes valve rnicrophony, but occasionally it 

may be due to vibration of the oscillator tuning capacitor. 
excessive interference may be caused by: misalignment of the tuned 

circuits or poor tracking of the gang capacitor; incorrect adjustment of 
the intermediate-frequency wave-trap; faulty intermediate-frequency 
transformers; " spurious ' responses, denoting incorrect alignment. 
poor screening or excessive radio-frequency output from the local 
oscillator; high resistance of switch contacts. Reception of Morse 
signals from ship stations operating in the 600-m. band usually denotes 
intermediate-frequency . break-through. Reception of medium-wave 
stations on the long-wave band may be due to insufficient " image " 
rejection. 
Ca-scrums, Norris, EXCESSIVE FADING. Crackles and noise may be 

enured by external sources of interference or faults within the receiver. 
Partial breakdown of insulation in capacitors, inductances, inter-
mediate-frequency and audio-frequency transformers; faulty resistors; 
dry jolifts; louse or high-resistance switch contacts; loose valve pins 
and socketa; faulty power transformers and smoothing chokes; dirty 
or faulty potentiometers can all give rise to this type of symptom. 
• Excessive fading or " blasting " can usually be traced to faults in the 
A.V.C. network. The breakdown of resistors and capacitors should be 
suspected, although the possibility of faults in the aerial or aerial-input 
circuit should not be completely ignored. 
OVERHEATING. Possible causes include: short-circuit or partial 

failure of capacitors, especially those employed for smoothing; shorted 
turns or sections of windings in power transformers; short-circuits in 
heater wiring; faulty bias resistors or capacitors, particularly in the 
output stage. 
No SIGNALS ON SOME W AVELENGTHS. May be caused by the rotary 

vanes of the tuning capacitor touching the stationary ones; loss of 
emission in the local oscillator valve; fractures or short-circuits in 
inductor windings; poor contacts on wave-change switches; mis-
alignment or poor tracking of the tuning gang capacitor; excessive 
aerial coupling producing " blind spots" (straight receivers). 
LACK or OUTPUT. May be caused by loss of emission in one or more 

valves, especially in the output stage; damaged loudspeakers (distorted 
speech coils, lose in field strength) ; faulty resistors or capacitors in 
valve inter-coupling networks; short-circuits producing an excessive 
drain on the power supply; partial failure of metal rectifiers. 
LACK OF SENSITIVITY. May result from loas of emission in one or 

more valves; faults in the radio-frequency or mixer etage; misalign-
ment or poor tracking of tuned oircuits; faulty resistors or capacitors; 
leaky capacitors in the A.V.C. line, for example, can cause flat tuning 
and general loss of sensitivity. 
INTERMITTENT FAULTS. Where any of the above symptoms occur 

intermittently, particular attention should be given to components 
subject to mechanical movement or vibration, such as potentiometers, 
switch contacts, aerial and power-supply leads. The effect of heat on 



39-8 RADIO AND TELEVISION REFERENCE BOOK 

valves, resistors and power transformers is another likely source of , 
trouble. When testing a receiver known to suffer from intermittent 
faults, the symptom may sometimes be induced by temporary applica-
tion of voltages about 10 per cent above normal, either by adjustment 
of the mains-input tapping or, in the case of A.C. models, with the aid of 
an auto-transformer. It is important not to remove or disturb the 
chassis until the fault has been heard, otherwise the trouble may be 
temporarily cleared, only to return after the receiver has been restored 
to its owner. 

Electrolytics 
When electrolytic capacitors have been out of service for an appreci - 

able period of time, the insulation resistance falls sharply. For 
example, when a faulty electrolytic is replaced from stock, the initial 
insulation resistance on first switching on the receiver may be only a 
fraction of its normal value. This fact may give rise to a heavy initial 
current through the capacitor, heating the electrolyte, and this in turn 
will further decrease the insulation resistance; thus starting a chain of 
events which may lead to the complete breakdown of the capacitor, the 
rectifier or the power transformer. 

For this reason, unless capacitors rated well above the circuit peak and 
surge maximum voltage are used, it may be advisable to " re-age " 
(re-form) any electrolytic capacitor that has been out of service for 
more than, say, three months. This may be done by placing the 
capacitor in series with two 15-watt electric lamps (series-connected) 
and a D.C. supply—not necessarily smoothed—about 20 volts above the 
working voltage of the oapacitor. When first connected, the lamps will 
probably light, but after some little time—and certainly within 1 hour 
—they should cease to glow. A milfiammeter may then be inserted into 
the circuit and the re-forming process continued for about 30 minutes 
after the current has dropped to below 1 mA. 
A service department should arrange that electrolytic capacitors are 

used strictly in the order in which they have been stocked. It is also 
preferable to err on the generous side in regad to ratings and to use the 
largest type, physically, that will fit the space available, which should 
not be subjected to undue heat. It should be noted, however, that 
where an electrolytic capacitor has been 'used for any length of time at 
voltages lower thah those at which it is rated, it may no longer be safe 
to apply the full rated value. 

Senicing Procedures 

Rigid servicing procedures, to be adopted on receipt of faulty 
receivers, cannot usefully be fórmulated, since so much will depend upon 
the symptoms reported by the, owner of the receiver and the servicing 
equipment available. Investigate(' in a systematic manner, the 
majority of faults can be traced in a reasonably short time with a 
minimum of tools and instruments, although a full range of servicing 
equipment will save much time even during routine checking. 
The following equipment should be regarded as essential: 

A reliable general-purpose multi-range " universal " testmeter 
with an internal resistance preferably of not less than 1,000 ohms/ 
volt. 
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A modulated signal generator. 
An output meter. 
A valve testmeter. 
A supply of suitable meter and test leads terminated with prods 

and clips. 
A non-metallic trimming tool. 
An electric soldering-iron. 
An assortment of screwdrivers in various sizes (lengths and 

blades). 
A pair of long-nosed pliers (pendulums). 
A pair of combination pliers. 
A pair of side-cutters. 
An insulated prod. 

Before work on the receiver is started, all available service data and 
workshop records on the particular model concerned should be 
consulted. It is most important that the circuit diagram be carefully 
examined for unusual features before any power is applied to the 
receiver or any testa are made. 

Preliminary Tests 

Reoeivers reported simply as " not working" require a brief visual 
examination for obvious defects; for instance, fracture of valve 
envelopes, disarrangement of te tuning device, faulty manual controls. 
The presence of any considerable quantity of wax oozing from trans-
formers, chokes and capacitors, or of badly burned resistors should be 
noted. It will also be advisable at this stage to remove at least the 
outer layer of dust and dirt from the chassis. 

Unless the owner has reported the fusing of the mains power supply, 
the receiver may now be connected to the appropriate power supply and 
switched on, care being taken to ensure that it can be immediately 
switched off again should there be any sign of overheating or valve 
ionization (soft valves usually glow a bright pale blue or pink towards 
the base of the electrode assembly; overloaded valves often am between 
anode and cathode). With battery receivers a quick check should 
always be made to ensure that there is no short-circuit across the H.T. 
supply. 
When servicing' A.C./D.C. receivers (or A.C. models usin A.C./D.C. 

technique), precautions should be taken against the risks arising from 
" live " chassis. A double-wound isolating transformer with a 1: 1 
voltage ratio should be inserted in the mains-supply leads where 
practicable. In other cases the output from instruments such as signal 
generators should be isolated by means of 1 : 1 ratio transformers or 
good-quality (vi - F capacitors. Unless a mains-isolating transformer 
is fitted, the receiver should never he tested where it is necessary to 
stand on a damp floor ; it is also advisable to stand on a rubber mat 
whilst working on the receiver. 
With the majority of mains receivers, the pilot or dial lamp should 

light immediately the receiver is switched on and the glow of the valve 
heaters appear within a few seconds. On A.C. receivers, if no light or 
heater glow is visible, the fault is probably in the mains-plug or leads, 
receiver fuses ( if any), the primary of the mains transformer or a faulty 
voltage-tapping connection. But it may be that the heatere .f all the 
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valves have been burnt out through operating the receiver from in-
correct power supplies. With A.C./D.C. receivers the valve heaters are 
usually wired in aeries, so that should one heater become open-circuited 
or a faulty connection develop in the valve socket, the other heaters 
will cease to function. In this case it is usual to check the heaters of 
each valve separately with the aid of a valve tester, ohmmeter or 
continuity meter. Pilot lamps, ballast valves (barretters) and mains 
voltage-dropping resistors also require checking, as they are usually in 
series with the valve heaters. The construction of certain valves 
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Fro. 3.—HIGH-SPEED ELECTRONIC VALVE TESTER. 

All electrode potentials are automatieálly applied by the insertion of the 
appropriate perforated test card in a multiple-gate switch. The testa 
include.: filament or heater continuity; electrode insulation with and 
without H.T. applied; heater-cathode insulation; grid current; emission. 

(Mullard Ltd.) 

(e.g., metal or shield types) prevents the observation of heater glow, but 
in mains sets at least, the valve envelopes become warm or hot when the 
heaters are on, and can be checked by lightly touching them. Where a 
valve is suspected of being faulty, another equivalent type should be 
tied in its place. An important exception, however, is the rectifier. 
Before substituting another valve in this position it is essential to cheek 
that no short-circuit exists across the main H.T. line. In A.C. models 
this can quickly be done by disconnecting the mains-supply leads, 
removing the rectifier valve and measuring the resistance between 
chassis and filament (or cathode in the case of indirectly heated 
rectifiers). This should be not less than 10,000 ohms, and will probably 
be considerably more; the actual value depends upon the screen voltage 
networks and any bleeder resistors. This precaution is necessary, since 
rectifier failures are often caused by a ahort-circuit on the H.T. line, 
and the substitution of a fresh valve before the original.fault is cleared 
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would lead• to further damage. Similarly, it is a wise precaution to 
check the bias voltage and inter-stage coupling capacitor of any valve. 
that has to be replaced, since the life of a new valve may be sensibly 
reduced if run with no bias or with a positive voltage applied to the 
control grid. Where a short-circuit exists, the electrolytic or paper 
capacitors used for smoothing bhould be examined; the presence of 
foreign bodies, such as small pieces of solder, stray snippets of wire, 
metal washers and so on, can also be a source of trouble. 

Should the screen grid of the output valve become red hot, this will 
usually indicate that there is a failure in the anode circuit of this valve; 
likely faults include fracture of the primary winding of the output 
transformer or damage to the anode pin of the valve or its socket. 
When testing components or valves by removal or substitution it is 

most important that only one change or test should be made at a time 
and that the circuit should be restored to its original condition at the 
completion of each test. Serious damage can be done by haphazard 
alterations. 

Aural Tests 

A valuable guide•to the fault is sometimes provided by the kind of 
" noise " coming from the loudspeaker. Complete silence may also 
prove useful: for instance, it would suggest that a fault exists in the 
receiver power supply (H.T. secondary of power transformer, smoothing 
choke, smoothing resistor or smoothing capacitors) ; the loudspeaker 
or its associated leads; or the output stage. To test the loudspeaker, 
disconnect the receiver from the mains supply and measure the 
resistance of the primary of the output transformer with a multi-rango 
testrneter; the reading should be about 400 ohms, and a faint click 
may be heard as the meter is connected. The power supply can most 
easily be checked by measuring the voltage across the main H.T. line 
and between chassis and the anode of the output valve. 
A slight mains ripple or valve noise would suggest that the power 

supply, the output valve and the loudspeaker are all functioning, 
though not necessarily correctly. Rustling, crackling and an increase 
in noise when the volume control is turned towards maximum output 
would suggest that the audio section is operating. In the case of A.C. 
or battery receivers, this can easily be confirmed by touching, with a 
finger, the grids of the output and audio-amplifier valves. The audio-
amplifier valve will often be the triode section of a double-diode-triode 
or the pentode section of a double-diode-pentode. A loud hum or 
howl will probably result from contact with the grid of this valve, 
while a " plop " or dull hum can be expected from touching the grid of 
the output valve. This test is not advisable with D.C. or A.C./D.C. 
receivers, where the grids may be at high potential to earth. A similar, 
though reduced, response can be obtained by touching the valve-grid 
pins with the metal end of an insulated screwdriver. 
Touching the grids of the intermediate-frequency and mixer valves 

may also provide a rough indication as to whether or not those stages 
are working; but the hum thus produced may not be very loud. The 
audible effects, if any, of rotating the wave-change switch and of 
mar ipulating the tuning control should also be noted; clicks or rustling 
noises would tend to suggest that the fault lay in the radio-frequency 
section. A quick check of the frequency-changer valve by substitution 
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is usually worth-while, since loss of emission and- consequent failure of 
the local oscillator is common. 

Measurements 
All the tests so far described can be quickly carried out and require 

only the minimum number of instruments; and in a surprisingly large 
number of instances will result in the location of the fault. But a more 
detailed examination of valves and components may prove necessary. 
This noreally means: ( 1) valve testing and the measurement of 
voltages, currents and resistor and capacitor values at selected points in 
the circuit; and (e) the tracing of broadcast or locally injected signals 
through the various stages. 

Fra. 4.—" Ayo" Exam-
111.014IC TESTMXTER. 

For the speedy performance of these operations, reliable test gear is of 
prime importance. Routine measurement of voltages, currents and 
resistances should be carried out with a high-grade multi-testmeter 
possessing an internal resistance cif • not less than 1,000 ohms/volt.. 
Meters with a lower rating may give misleading readings. Where no 
loading of the circuit can be tolerated a valve-voltmeter or electronic 
testmeter must be used. 

Check voltages under specified conditions are, in most cases, indicated 
in the appropriate section of this manual and in manufacturers' service 
literature. Deviation uf up ta about 20 per cent from published figures 
may be expected, and would not necessarily indicate a fault. 
The first checks usually include the voltage of the main H.T. line and 

the voltage readings at the anode and screen-grid pina of the valves. A 
quick check of the oscillator section of a superheterodyne receiver can 
be made by connecting a voltmeter across the cathode resistor of the 
mixer valve and short-circuiting the oscillator grid to chassis: the 
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voltage drop across the resistor should change appreciably as the valve 
stops oscillating. 
The use of valve testrneters and valve analysers will enable the valves 

themselves and the currents at the electrodes to be checked. 
The windings of transformers and inductors can be checked for open-

circuit either with an ohmmeter or a continuity meter. Manufacturers' 
literature usually specifies the approximate D.C. resistance of the main 
components, but even where this information is not available, the 
experienced service engineer should be able to estimate whether the 
reading obtained is approximately correct. Resistance measurements 
may also reveal faults in wave-change switches, although occasionally 
misleading readings may result from the meter battery " breaking 
down " appreciable radio-frequency resistance. Faults in tuning 
circuits can usually be detected by means of a grid-dip oscillator, an 
instrument which indicates circuit resonancea. 
Combined capacitor analysers and resistance bridges which are simple 

to operate and which can be used to measure the full range of resistor 
and capacitor values likely to be encountered in routine servicing are 
available from a number of manufacturers. The majority of these 
instruments can additionally be used to ascertain the power factor and 
leakage of electrolytic and other capacitors. In general terms, 
capacitors used for filter and by-pass applications should not be less 
than about 66 per cent of their rated values, or between 90 and 110 per 
cent where tuned filter circuits are involved; for untunefifilter and by-
pass applications a considerable degree of excess capacitance is usually 
unimportant. Tuned radio-frequency circuits will usually require 
capacitors with Close tolerances (better than ± 5 per cent). 
The power factor of electrolytic smoothing and bias capacitors should 

not exceed about 40-50 per cent; where such a capacitor is also being 
used to by-pass radio-frequency signals, thiw figure must be reduced 
to about 10 per cent unless additional mica or paper capacitors are 
wired in parallel with the electrolytic capacitor to prevent regenerative 
coupling between the stages. 
When testing capacitors of less than about 1,000 pF it is important to 

uso short leads between the component and the bridge, otherwise 
inaccurate results may be obtained owing to the stray capacitance of 

the leads. 
A simple check to ascertain whether the A.V.C. is functioning 

correctly consists of measuring the screen voltage of the intermediate-
frequency valve under" no-signal " conditions, tuning in a strong carrier 
and noting the change in reading. With a standard mains-operated 
receiver the screen voltage should show an increase of the order of 

10 volts. 

Signal Tracing 
Signal tracing is probably the most satisfactory method of locating 

the less-obvious faults, since it enables each stage or section of the 
receiver to be tested under working conditions. Simple forms include 
the injection of an audio signal (e.g., from a pick-up) into the audio 
stages, working backwards from the output stage; and the use of a 
crystal rectifier and earphones to trace an incoming signal from the 
aerial through the early stages of the receiver. Elaborate equipment, 
however, will permit of more accurate and speedy checking than is 
possible with the simple systems outlined above. For example, a 
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signal generator can be of invaluable service, si'nce it enables a modu-
lated signal of either the intermediate or radio frequency to be injected 
into each radio-frequency stage in turn (starting with the demodulator), 
thus rapidly localizing a fault to one particular stage. 

Alignment 

It is not usual to check the receiver alignment until other routine tests 
' have failed, since the tuned circuits seldom become so far out of adjust-

FIG. 5. — CAPACITOR ANALYSER AND RESISTANCE BRIDGE, 
TYPE CRB 3. 

This test bridge covers ranges 20 pF to 500 i.‘F; 50 ohms to 
100 Mg. It measures capacitance by means of a Wien bridge; 
the resistance of all types of carbon and wire-wound resistors; 
the leakage resistance of paper and electrolytic capacitors and all 
types of insulation, 25-500 volts, by flashing neon. It directly 
indicates leaky, shorted, low-capacitance, high-capacitance and 
high-power-factor capacitors of both usual and intermittent types. 
Measurements are made directly, and no calculations are necessary. 

. IL Hunt (Capacitors) Ltd.) 

ment as o render a receiver completely inoperative. One exception, 
however, should be noted: over-enthusiastic owners do sometimes 
tighten up all " loose screws" in the hope of improving performance! 
The alignment of short-wave ranges can easily be impaired by move-

ment of any leads connected to the coils or other components at high 
radio-frequency potential; care should therefore be taken when 
handling the chassis or making tests to avoid disturbing such wiring. 

Alignment faults can usually be detected most readily with the 
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assistance of a signal generator. The procedure for re-alignment is 
described elsewhere in this manual. Where any of the radio-frequency 
or intermediate-frequency components or valves are changed, manu-
facturing tolerances and/or the disarrangement of wires usually make it 
necessary to re-align the receiver. This should also be done if sensitivity 
is below normal. 

Partial Failures 
Where it is suspected that capacitors or resistors have become open-

circuited the temporary connection of a similar value component in 
parallel often permits a quick check to be made; particularly in cases 
of excessive mains hum. Complete removal of suspected components 
should, where possible, be avoided until the suspicion is confirmed. 
A sudden but not violent increase in mains-hum level may be due to a 
faulty earthing system, though modern receivers do not often suffer 
from inherent mains hum. 

Leaky. capacitors-.---a common source of" noise " and distortion—can 
be tested most satisfactorily with a " Megger " insulation tester or a 
component bridge, though it will usually be necessary to disconnect at 
least one connecting wire. 

In cases of apparent modulation hum (i.e., tunable hum which appears 
as a background on stations but disappears when no station is being 
received) or crackles, the first step should be to ascertain whether the 
interference is being picked up externally by the aerial and mains-
supply leads or whether there is an internal fault. Decrease of noise 
with the removal of the aerial will usually indicate an external source of 
interference. Internal sources of crackles and the like can often be 
located by the careful movement of components with an insulated prod. 
A plastic crochet hook is a useful accessory, since the hook enables wires 
to be firmly gripped in otherwise inaccessible spots. Each stage, 
beginning with the radio-frequency section, can also be examined in 
turn by temporarily short-circuiting the grid pins of the valve-holders 
to chassis, provided, of course, that reference to the circuit diagram 
shows that no damage could result. For example, removal of bias, 
voltage from an output valve could seriously impair its emission. 
A pronounced buzzing in the loudspeaker may be due either to the 

speech coil being out of centre or to loose turns in the coil. A similar 
effect can also be caused by distortion in the audio circuit. 

Parasitic oscillation at frequencies above audible range may occur in 
the audio stages of a receiver and produce distortion. Where this fault 
is suspected the effect on the anode current of touching the grid should 
be observed; parasitic oscillation being denoted by a change in current. 
" Ringing " and microphony can usually be traced by gently tapping 

each valve with an insulated prod. An elastic band wrapped round the 
end of the prod will make it easier to detect microphony. If the valves 
prove faultless, the oscillator section of the tuning capacitor should be 
similarly tested. 

Radio-frequency switches, particularly where ganged wafer types ere 
employed, are a frequent cause of noisiness and lack of sensitivity. 
Carbon tetrachloride or one of the commercial cleaning materials 
intended specifically for this purpose will usually cure the trouble. 
The cleansing agent can be applied with a small brush while rotating the 
switch. The repair of distorted contact springs requires dexteriV; 
but can often be accomplished with the aid of a small pair of pliers or 
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tweezers or the tools made for this purpose. A useful switch lubricant 
consists of two drops of fine oil in a teaspoonful of lighter fuel. The 
lubricant can be applied with a clean feather. 
When the work of repair is finished, a routine check of valt,es and 

voltages should be made. This may prevent further and possibly more 
serious trouble later on. Resistors should also be carefully examined 
for signs of overheating and, if necessary, replaced by-higher-wattage 
types. The chassis, cabinet and 
tuning dialshould be thoroughly 
cleaned, and a little fine oil 
applied to any rotating mech-
anism such as the tuning drive. 

After the receiver has been 
re-assembled in its cabinet, 
it should be subjected to a 
thorough test • under normal 
operating conditions. Where 
possible, A.C. /D.C. models 
should be operated from both 
A.C. and D.C. power sources, 
since certain faults (e.g., poor 
smoothing) may not otherwise 
be apparent. 

Details of the fault should 
always be entered in workshops 
records. Carefully compiled 
records can save many hours 
of work by making clear the 
faults from which particular' 
models are prone to suffer. 

Performance Tests 

It is, perhaps, idler a receiver 
has been restored to something 
like normal working order that _ _ J 
the need for the more elaborate no, 6,_moon, 130A INSULATION 
test equipment is most keenly TESTER. 
felt. In such circumstances (Taylor Electrical Instrumento Ltd.) 
the ear is an unreliable instru-
ment for quantitative—and even qualitative—tests. Since the aim 
of the service engineer should always be to hand back the receiver 
with a performance fully equivalent to that for which it was designed, 
no receiver can be considered as completely serviced until instruments 
have confirmed beyond doubt that its calibration, sensitivity, selectivity 
and audio-frequency response are in no way inferior to those ruling on 
the day it left the faetory; this is especially true of the receiver which 
has not received attention for a considerable period, and in which 
gradual deterioration may have passed unnoticed by the owner until a 
complete breakdown forces him to take action. Though, unfortunately, 
it must be admitted that, owing to the time factor involved, compre-
hensive servicing and maintenance is not always feasible. 

For full performance tests, essential items of equipment are a signal 
generator with calibrated attenuator and an audio-frequency output 
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meter of an impedance suitable for matching to the receiver under 
test; in addition, a calibrated audio-frequenoy generator with near 
sine-wave characteristics, and an oscilloscope together with a sweep 
oscillator (" wobbulator ") suitable for the signal generator in use, will 
facilitate the carrying out of more stringent receiver tests. 

Sensitivity 
With the lid of the signal generator and output meter it is possible to 

check the .3ensitivity and calibration of the receiver at various points 
throughout its wave-range. The need for frequent checking of the 
calibraLion of the signal generator itself, preferably against a crystal 
substandard, or transmissions of known frequency, should not be over-
looked. Where sensitivity figures are supplied by the manufacturer 
these are normally based on an audio output of 50 mW and a 30 per cent 
modulated test signal. Should any general lack of sensitivity be dis-
covered with the signal generator connected, via a standard dummy 
aerial, to the aerial socket of the receiver, the cause may rapidly be 
traced to the offending stage by injecting the signal in turn to: ( 1) the 
control grid of the frequency changer, at signal frequency; (2) the 
control grid of the frequency changer, at the intermediate frequency; 
(3) the control grid. of the intermediate-frequency amplifier, at the 
intermediate frequency; (4) the control grid of the let audio-frequency 
amplifier, at the audio modulation frequency; (5) the control grid of 
the audio power amplifier, at the audio modulation frequency. For 
operations (2) to (5) the signal should be injected via a 0.1-µF capacitor. 
To obtain the standard output of 50 mW from a typical A.C. receiver it 
would be necessary to increase the input from -pproximately 40 mV 
to some 1.5 volts for operation ( 5), the intermediate steps depending 
upon the voltage gain of each stage. In practice, of course, it is un-
likely that there will be sufficient output from the generator to permit 
the standard output to be obtained in the later operations, but after a 
little experience with his instruments on various types of receivers the 
service engineer soon learns to determine immediately whether or not a 
particular stage is " pulling its weight ". 

Selectivity 
The recognized method of defining the selectivity of a broadcast 

receiver is the amount off tune, in kilocycles. that a 30-per-cent-
modulated carrier must be moved in order to reduce the power output 
of the receiver by one-half (3 db) from the figure attained when the test 
signal is exactly tuned in. When making tests with a signal generatot 
and output meter to determine the selectivity of a receiver, the signal 
input must be kept below the level at which the A.V.C. circuits become 
operative, or alternatively the A.V.C. must be disconnected. 

Incidentally, in checking the performance of a stage, the limitations of 
the normal va'-'e tester become apparent. While such instruments are 
valuab'.e for detecting a &irking loss of emission or changes in mutual 
conductance, performance checks frequently show that valves whieh 
pass these tests without difficulty are not always satisfactory under 
actual working conditions: and where stage gain is found to be low, or 
distortion persists, it is as well to test the valve concerned by sub-
stitution while measuring the output of the receiver. It should be 
noted that where similar types of valve are used for different applica-
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tions in a receiver—and more particularly in a television receiver— 
their positions should not be changed indiscriminately, since the 
condition of a valve may make it unsuited for certain applications, and 
inter-electrode capacitances may differ slightly. 

Audio-frequency Response 

Where an audio-frequency generator is available, and can be employed 
to modulate the signal generator, the overall audio-frequency character-
istics of the receiver can be checked. Should there be no facilities for 
applying an external source of modulation to the signal generator in use, 
then the audio-frequency generator must be connected directly to the 
first auçlio-frequency amplifier, and the tests will then cover only the 
audio section of the receiver. If the receiver under test has a high 
degree of selectivity, the overall audio-frequency response will probably 
be considerably more restricted in frequency range than where the 
audio section alone is concerned. 

Useful aural tests of the loudspeaker can be carried out with an audio-
frequency generator by varying the generator frequency while listening 
and watching the loudspeaker for indications of excessive resonance 
effects. In the absence of an audio-frequency generator, the special 
frequency test records marketed by several of the leading gramophone 
companies may be employed, provided that this is done in conjunction 
with a pick-up of known characteristics. Common loudspeaker faults 
giving rise to uneven response include: off-centru speech coil, torn cone, 
loose speech-coil wires, dust between the speech coil and the field poles, 
loose parts and sympathetic vibration of nearby components and cabinet 
fitt ings. 

Oscilloscopes 

A well-designed oscilloscope, incorporating an efficient vertical 
amplifier, and linear, wide-range time-base, is an invaluable asset to 
speedy servicing and, when used in conjunction with other test instru-
ments, in the adjustment of almost any piece of electronic equipment. 
Instead of laboriously having to plot graphs based on a series of in-
dividual measurements, the service engineer an see at a glance the 
waveforms present in a receiver and observe immediately the precise 
effects of adjustments. For radio work, in order to obtain maximum 
benefit from an oscilloscope, a swept oscillator (" wobbulator ") and a 
source of audio toile with good sine-wave characteristics are also 
required. 
The main uses of an oscilloscope ii. radio servicing are : ( 1) for visual 

alignment, facilitating the setting up of any desired band-width; 
(2) as a means of detecting the presence and treeing the source of audio • 
frequency and intermediate-frequency distortion, parasitic oscillations 
and hum; ( 3) for the measurement of A.C., audio-frequency and 
radio-frequency peak voltages. Taken together, these facilities make it 
possible to trace the progress of a signal through each stage and to 
determine the exact point at which any unwanted characteristics are 
introduced. 
To the service engineer not experienced in the use of an oscilloscope, 

the array of control knobs may at first sight appear formidable, but 
their use can rapidly be mastered. " Brilliance " and " focus " have 
the same significance as in television practice, though it should be 
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noted that electrostatic focusing and deflection are normally. used. 
" X-shift " and " Y-shift " are for positioning the trace on the screen 
of the cathode-ray tube by altering the bias voltages applied to the 
deflecting plates, ".X" referring to the horizontal axis, and " Y " to 
the vertical axis. The " coarse" and " fine" controls govern the 
setting of the time-base frequency, and the " amplitude " control 
alters the output, and hence the length of the horizontal sweep. The 
" sync " control is to enable the time-base to be synchronized with the 
wave-form under examination, so that the trace remains in a stationary 
position on the screen. In addition, there will generally be either a 
master switch or alternative input sockets, so that the signal may be 
connected to the " X " nnd " Y" plates, directly for D.C., and via 
isolating capacitors for A.C. (to remove any D.C. component) ; addi-

FIG. 7,—MODEL 10301 PORTABLE 
OSCILLOGRAPEI. 

The single-stage amplifier covers a 
frequency range of 25 c/s to 1.5 Mcis 
(30 per cent down) at a gain of 20. 
or from 25 c/s to 120 kc/s (30 per cent 
down) at a gain of 75. 

(Cosser Instruments Lid.) 

tional positions will normally provide for attenuation or amplification 
of the signal by fixed amounts. 

For radio servicing, the time-base should cover the range of approxi-
mately 10-100,000 cis or more, and the vertical amplifier should provide 
gains in known steps of up to about 500 times; a more limited range of 
amplification to external signals applied to the horizontal plates is also 
useful for frequency comparisons and phase diagrams. The frequency 
response of the vertical amplifier is of considerable importance, par-
ticularly if it desired to use the oscilloscope for television work, where a 
good response characteristic up to about Mc is is desirable. The 
amplifier should also be as free as possible from phase-shift and ampli-
tude distortion, and have a low input capacitance and high input 
impedance, so that the oscilloscd> may be connected across high-
impedance grid circuits without unduly affecting their operation. 
Screened, low-capacitance cable, kept as short as possible, should be 
used between the connection to the receiver and the oscilloscope. It is 
common practice to connect either a small capacitor (about 5 pF or 
less) or a large resistor ( 1 Ms) or more) in the tip of the test prod or 
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cr000dile connector, so as to reduce to a minimum the disturbance 
caused to the circuits under test. As with almost all test equipment, 
poorly designed or constructed oscilloscopes may prove more of a 
hindrance than a help, and when choosing a commercial model it is as 
well to pay more attention to the quality and facilities incorporated 
than to the price of the instrument. 
For visual alignment of the intermediate-frequency stages, a swept 

oscillator is required : when used in conjunction with a signal generator, 
this should produce a signal varying regularly about 15-25 licit; above 
and below the intermediate frequency, with the repetition rate— 
usually about 25 c/s—synchronized with the cathode-ray-oscillator 
time-base. This frequency-modulated signal is injected into the grid of 
the frequency-changer valve, as in standard alignment practice, and 
either an intermediate-frequency signal taken—via a small capacitance 
—from a convenient point immediately prior to the demodulator valve, 
or, more commonly, an audio-frequency signal tapped-off via a large 
coupling capacitor from the intermediate-frequency filter capacitor 
or across the volume control and fed to the Y-amplifier. The local 
oscillator of the receiver should be rendered inoperative during align-
ment. Where the frequency sweep of the " wobbulator " is known, the 
exact band-width of the intermediate-frequency stages may be directly 
observed and any necessary adjustments made to the intermediate-
frequency transformer trimmers to obtain the desired band-pass 
characteristics. 

Drive Cords 

The mechanical failure of tuning and control-drive systems is still a 
common fault, particularly where the receiver has received rough 
handling. Whilst their repair is generally a fairly straightforward 
task, occasionally this calls for a considerable degree of mechanical 
dexterity. 

If full details of the drive system are not available, it is worth spend-
ing a little time in carefully tracing out the purposes of the various 
pulleys and springs before attempting to re-thread the system. 
A useful accessory, when threading cords in inaccessible corners, 

takes the form of a steel rod with a hook at one end and a small two-
pronged fork et the other; but care should be taken that all rough 
edges are removed. 
Always use a good-quality cord that will not chafe or stretch easily: 

it will usually be found advisable to pre-stretch the cord by suspending 
it for several hours from a hook with a weight attached to the lower end. 
A common fault, when repairing drives, is to wind too many turns 

around the drive Spindle, causing the turns to ride up and bind, making 
the drive stiff and increasing back-lash. The correct figure usually lies 
between l¡r to 21 turns, depending upon the particular layout of the 
drive system. 
Where one end only of the cord is terminated in a spring, it will 

usually prove more satisfactory to,begin threading from the fixed end. 
When tying off a cord, or making a loop, the 11130 of a small tubular 
aluminium rivet, through which the cord is doubled back, and the rivet 
then securely pinched, has much to recommend it. The difficulty of 
tying a knot when the cord is on the short side is too well known to 
require emphasis. 
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ALIGNMENT 

The performance of a modern superheterodyne receiver is, to a con-
siderable extent, determined by the accuracy of the alignment of its 
various tuned circuits, and by its ability to hold such alignment through-
out the track of. its ganged tuning capacitors or permeability tuned 
inductors. In a standard superheterodyne circuit this involves the 
tracking of the local oscillator on each waveband with one or more 
tuned circuits at the signal frequency; the adjustment of the inter-
mediate-frequency circuits to give the required response character-
istics; and the adjustment, where fitted, of the intermediate-frequency 
wave-trap and image-rejector circuits. 

It cannot be too strongly emphasized that optimum results are un-
likely to be achieved by persons not possessing a sound understanding 
of the fundamental prificiples of superheterodyne reception: nor by 
those unwilling to recognize that the complete re-alignment of a 
receiver is a process that cannot be hurried. Unless adequate time is 
available for a thorough and complete re-alignment, involving the 
adjustment and re-adjustment of each circuit, it is usually better to 
leave all trimmers and cores severely alone; injudicious and haphazard 
" peaking" of circuits is more likely to result in a general deterioration 
of the quality of reproduction and " patchy " sensitivity than in any 
Averall benefit. 
Alignment of tuned circuits at radio frequencies is normally achieved 

by adjustment, at the higher-frequency end of the tuning span, of small 
variable capacitors (" trimmers"); and, at the lower frequency end, 
of dust-iron or brass cores in the inductors or variable capacitors 
(" padders ") connected in series with the inductors. Present-day 
trends favour a. combination of variable cores and fixed padders. 
Alignment and tracking by adjustment of the vanes of the ganged tuning 
capacitors and by the use of specially shaped vanes in the oscillator 
section is now seldom met with, except in older models. 

Alignment of tuned circuits at the intermediate frequency is achieved 
by adjustment of either variable capacitors or variable cores. 

Why Re-alignment is Necessary 
Although alignment of the receiver is carried out by the manu-

facturer before it leaVes the factory, re-alignment may be necessary: 

(1) When certain components or valves are replaced. 
(2) With the ageing of inductors and capacitors or the gradual 

accumulation of metallic dust. 
(3) Where vibration or rough handling affects the adjustment 

setting of trimmers and cores, and the spacing of coil windings. 
(4) Through the - mishandling of manual controls, which may 

affect the tracking of the ganged tuning capacitors or-the setting 
of the tuning indicator. 

(5) Owing to changes in the relative position of the wiring or 
components. 

(6) Where changes in the aerial system affect the loading of the 
radio-frequency input circuits. 

(7) Where the alignment controls have been tampered with. 
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Of these, ( 1) is the most likely cause of serious misalignment, owing 
to the accepted tolerances in the manufacture of components—par-
ticularly inductances—and valves. The components which most 
directly affect the resonant frequencies of the tuned circuits include: 
grid . and tuning capacitors; inductances and intermediate-frequency 
transformers; wave-change switches. Changes in the inter-electrode 
capacities of the following valves are also likely to affect alignment : 
radio-frequenoy amplifier, frequency changer, intermediate-frequency 
amplifier and demodulator. The lower the frequency, the less marked 
will be the effects of small changes of capacity. Small changes in the 
positioning of wires, however, are sufficient to destroy the accuracy of 
alignment on short wavebands. 

Effects of Misalignment 
Misalignment of radio-frequency and intermediate-frequency circuits 

can be recognized by: 

(1) Lack of sensitivity over whole or part of the waveband 
ranges, often accompanied by an unusually high level of back-
ground noise. 

(2) Inaccurate calibration of the tuning dial. 
(3) Flat or " double-humped " tuning. 
(4) Deterioration of quality due to uneven response of the inter-

mediate-frequency and radio-frequency circuits. 
(5) Prevalence of heterodyne whistles and pqor selectivity. 
(6) Excessive fading due to lack of signal voltage. 
(7) Tunable whistles on all signals due to radio-frequency or 

intermediate-frequency instability. 

Equipment 
The equipment required for correct and accurate alignment of tuned 

circuits is as follows: 
A modulated signal generator with a frequency coverage of 100 Ito /1;-

30 Mc is and fitted with a.calibrated attenuator. A good instrument 
should be free of frequency drift, be unaffected by mechanical vibration 
(within reason), have a good range of attenuation, be adequately 
screened, possess a clear and accurately calibrated scale and a smooth 
tuning mechanism free of backlash and slip. The accuracy of calibra-
tion should be checked periodically against signals of known frequency. 

A- dunimy aerial suitable for use with the signal generator. 
An audio power-output meter (or sensitive A.C. voltmeter) with a 

range extending from a few milliwatts to several watts and affording 
matching to standard output impedances. Methods of alignment not 
requiring the use of an output meter are reviewed on pages 32-33. 
An adequate supply of non-metallic trimming tools of various shapes 

and sizes. 
A supply of soft wax should be to hand for the sealing of trimmers and 

variable cores; sealing-wax and quick-drying cellulose paint may also 
be necessary. 
A 4 B.A. box spanner may be required for the adjustment of certain 

types of trimmers. 
If a greater degree of calibration accuracy than is obtainable with a 

normal signal generator (sloe 1-2 per cent) be required, a crystal-
controlled substandard or frequency meter should be used. Such 
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instruments usually provide 1,000t and 100-kcis check points with an 
accuracy of 0.01-0-02 per cent, and may also incorporate a multi. 
vibrator circuit for the provision of intermediate 10-kcis points. 
The use of a single- or double-beam oscillograph and a frequency-

modulated ganging oscillator (" wobbulator "), although not essential, 
greatly facilitates alignment, particularly where bandpass circuits 
are involved, as they enable the effect of adjustments to' be seen 

immediately. 

Alignment Tests 
Where misalignment is suspected, the signal generator should be 

connected through the dummy aerial to the aerial- and earth sockets of 
the receiver. A suitably matched output meter is connected across the 
primary (via a 0- 1-e isolating capacitor) or the secondary windings 

Fics. 8.—" Ayo" Mew.. 
GENERATOR. 

A turret-switched signal generator 
giving continuous coverage, with 
optional modulation, from 50 Ws to 
80 Mc/s. 

of the output tran.sformer. It is usually more convenient to leave the 
loudspeaker connected. The sensitivity and calibration of the receiver 
may then be checked at various frequencies by injecting modulated 
signals, tuning the receiver to them and noting the outputs obtained 
for similar settings of the attenuator control on the signal generator. 
The input should be kept at a minimum, otherwise the A.V.G. circuits 
will come into operation. Three check points on each waveband will 
usually prove sufficient; that is, one each at the top, bottom and middle of 
the band. Marked differences in peak amplitude at these points will 
usually mean that re-alignment is necessary, as will any appreciable 
variation in the calibration accuracy. It should be noted, however, 
that where the calibration error is the same or nearly so at all points, 
adjustment of the tuning mechanism is indicated rather than re-

alignment. 
The intermediate-frequency response curve can be roughly checked 

in the following manner: 
The modulated signal generator should be connected to the control 

arid of the frequency-changer valve and tuned over a range of about 
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25 kc/s from the intermediate frequency specified for the particular 
receiver under teat until maximum output is obtained. The frequency 
of th... signal generator should be found to be within about 5 kc/s of the 
recommended figure. Next the frequency of the signal generator is 
varied on either side- of the maximum point until the output falls to 
one-half. When the, intermediate-frequency circuits are correctly 
aligned the two points at which this occurs should each be the same 
number of kilocycles from the original setting. 

Re-alignment 
Re-alignment should nover be attempted unless suitable service 

equipment is available; adjustment by ear should not be attempted, 
since only relatively large variations of output can be so detected. 

Adjustment of intermediate-frequency transformer cores or trimmers 
,should always. be followed by complete re-alignment of the radio-
frequency section. Intermediate-frequency circuits should be aligned 
to a frequency as close as possible (within 5 ko/s) to that specified 
by the manufacturer, otherwise considerable difficulties may be 
experienced in the correct tracking of the radio-frequency circuits. An 
exception may occur where local conditions make it essential to avoid 
particular frequencies. 
Where possible, the re-alignment procedure recommended by the 

manufacturer should be carefully followed; particularly with regard to 
the order in which the various wavebands are adjusted. The trimmers 
are often common to more than one waveband, and accurate alignment 
will then be impossible unless the circuits are adjusted in the correct 
order. 

Before re-alignment is attempted, both the receiver and the signal 
generator should be allowed to reach normal working temperatures. 
Ten to fifteen minutes are usually sufficient, but a longer period may be 
necessary where accurate S.W. calibration is required. 

FIG. 9.—OUTPUT METER. 

The use of a separate output 
meter for alignment and output 
measurements generally results 
In the freeing of a more expen-
sive multi-testmeter for other 
purposes. This E.Ii1.L Instru-
ment provides a low range of 
0-500 inW and a high range of 
0-5 watts with decibel calibra-
tion zero levels at 50 500 
mW respectively. The imped-
ance is 5,000 ohms at 400 c/a; 
the meter is thus suitable for 
matching to the primary wind-
ing of most output trans-
formers. 
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Standard Intermediate-frequency Alignment Procedure 

With standard*superheterodyne circuits the following procedure can 
normally be adopted. 

Connect the output meter to the receiver as detailed under " align-
ment tests " (page 23). 

Connect the output leads from .he audio-modulated signal generator 
to the control grid of the frequency-changer valve (via a 0.0111F 
isolating capacitor) and chassis, the outer (screened) lead being con-
nected to chassis. Where the wiring to the control grid has to be dis-
connected, care should be taken to ensure that a D.C. continuity exists 
between grid and chaasis; if necessary an additional 1-Mû resistor may 
be connected between these points. 

T 
"e+ 

WiYA. -Z. 
• 

FIG. W.—INTERMEDIATE-FREQUENCY STAGES OF A TYPICAL BROAD-
CAST RECEIVER. 

Short-circuit the oscillator section of the ganged tuning capa,ci.ors 
and tune the receiver to 550 or 2,000 m. (i.e., vanes of the tuning 
capacitors fully in mesh). Turn the volume control to maximum gain 
and the tone control to maximum high-frequency response. 

Set the signal generator to the required intermediate frequency and 
inject a modulated signal just sufficient to give a reading on the output 
meter. The output from the signal generator should be kept at a 
minimum at all times during intermediate-frequency and radio-
frequency alignment and progressively reduced as the circuits are 
• brought into alignment. 

Adjust the intermediate-frequency trimmers 'or variable cores of the 
intermediate-frequency transformers for maximum response in the 
following order: second intermediate-frequency transform« (secon-
dary); second intermediate-frequency transformer (primary); first 
intermediate-frequency transformer (secondary); first intermediate-
frequency transformer (primary). Unless otherwise stated in the manu-
facturer's instructions, repeat these adjustments to ensure utmost 
accuracy.. 
Wheré possible, re-seal the trimmers or cores after adjustment. 



39-26 RADIO AND TELEVISION REFERENCE BOOK 

Finally, remove the short-circuit from the oscillator section of the 
ganged tuning capacitors. 

Most modern British superheterodyne broadcast receivers are 
designed for an intermediate frequency of about 485 kc/s; the manu-
facturer's specification, however, should always be consulted. Where 
the correct intermediate-frequency is unknown, the point of maximum 
response should be found (see " Alignment Tests ", page 24) and the 
receiver aligned to that frequency. Some older models, mainly of 
American origin, use an intermediate-frequency of 110"kc is ; short-wave 
receivers, in order to minimize second-channel (" image ") reception, 
may employ a much higher frequency, a common value being 1,800 kcis. 

Intermediate-frequency transformers are designed for optimum, 
over-optimum or sub-optimum coupling. The optimum-coupled 
ones provide maximum sensitivity and good selectivity, but some 
cutting of side-band response and consequent attenuation of the 
higher audio frequencies may be experienced. The over-optimum 
type, if correctly adjusted, gives a band-pass effect, permitting reception 
of the full side-band range with, however, some loss in sensitivity 
and selectivity. Sub-optimum coupling is used where high selectivity 
is required; receivers employing such transformers are usually pro-
vided with tone-correction circuits to compensate for the losa of the 
higher audio frequencies. A response curve similar to that associated 
with over-optimum coupling is sometimes obtained by stagger tuning 
optimum-coupled transformers (e.g.,' primaries tuned to 467 kc /8, 
secondaries tuned to 463 kc is). Manufacturer's literature will normally 
provide full information in such instances. 

Occasionally it may prove advisable to render the A.V.C. circuits 
inoperative during re-alignment. One • method is to short-circuit the 
points marked X in Fig. 10. Where muting circuits are used to reduce 
receiver noise between stations, these should always be disconnected 
during alignment. 

Intermediate-frèqueney Wave-trap 

Many receivers are fitted with either a series-tuned (acceptor) or 
parallel-tuned (rejector) wave-trap adjusted to the intermediate 
frequency. Its function is to reduce break-through of transmissions at 
or near this frequency. Alignment should be made after the inter-
mediate-frequency circuits have beep adjusted and before the final 
alignment of the radio-frequency circuits. Standard procedure is as 
follows: 

Connect the output leads from the signal generator to the aerial and 
earth sockets of the receiver through a dummy aerial. 
Tune the receiver to 550 m. 
Set the volume control at maximum gain and the tone control at 

maximum high-frequency response. 
Inject a strong modulated signal at the frequency to which the 

intermediate-frequency stages have been aligned. 
Adjust the core or trimmer of the intermediate-frequency wave-trap 

for minimum response on the output meter. 

Radio-trequency Alignment 

Alignment is usually carried ont at two points .on each waveband; 
one near the high- and the nther.near the low-frequency limits. Typical 
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alignment points are: Medium waveband, 200 m. ( 1,500 kc/s) and 
500 m. (600 kc/s); Long waveband, 1,000 m. (300 kc/s) and 2,000 m. 
(150 ke/s); Short waveband, 16 m. ( 18.8 mc/s) and 50 m. (6 me/s). 
Convenient frequencies are usually given by manufacturers in their 
service literature, although the frequencies chosen are not critical, 
except, perhaps, where special alignment calibration marks are provided 
on the dial for the convenience of the service engineer. 
An example. of the radio-frequency alignment on the medium wave-

band of a standard superheterodyne receiver is given below. For 
special instructions relating to A.C./D.C. models and those with internal-
frame aerials see pages 30-3]. 
Check that the tuning cursor or &tins, or both, aro correctly adjusted 

in relation to the position of the rotary vanes of the ganged tuning 
capacitors. Normally when the cursor is at the lowest reading on the 
scale the rotary vanes of the ganged capacitors should be fully open, and 
when the cursor is at the highest reading they should be fully enmeshed. 

Test the tuning mechanism for slip and backlash, and make any 
necessary adjustments prior to circuit alignment. 

40 0  AERIAL 
-11 NON-INDUCTIVE SOCKET 

SIGNAL 
GENERATOR RECEIVER 

 EARTH 
'EARTHY' LEAD SOCKET 
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bIGNAL 

NON INDUCTIVE T RECEIVER 

"EARTHY' LEAD j;eSSIS 

20à.tH 
AENIAL 

GENERATOR RECEIVER 

- 1 -

-EARTH( LEAD EARTH 
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30p, 

_10pT SOCKET 

FIG. 1 1 .—DUMMY AERIAL ARRANGEMENTS FOR RADIO-PREQTJENCY 
ALIGNMENT. 

(a) Simple system for general coverage; (b) standard dummy aerial particularly 
recommended for medium-wave alignment; (c) suitable arrange-dent for the alIgn-' 
ment of antomoblle radio receivers. 

Connect thc output leads from the modulated signal generator to the 
aerial and earth sockets of the receiver through a dummy aerial, taking 
care that the " earthy " lead (usually the outer conductor) is connected 
to the earth socket. 
Connect the output meter to the receiver as detailed under " Align-

ment Tests ", page 23. 
Set the signalsenerator to the higher of the two alignmen. frequencies 

(e.g., 1,500 kc/s, 200 m.). 
Switch the receiver to the medium waveband. 
Set the tuning cursor accurately to the selected wavelength and adjust 

the medium-wave oscillator trimmer until the signal is heard. The 
correct adjustment position will be that which gives a maximüns 
response on the output meter. 

Adjust the signal-frequency circuit of the frequency-changer valve 
(usually the aerial trimmer) for maximum output, reducing the signal-
generator output as receiver sensitivity increases. 

Adjust the tuned circuit of the radio-frequency amplifier stage (where 
such a stage is provided) in a similar manner; i.e., set the trimmer to 
give maximum response on the output meter. 
Where only slight misalignment of the receiver circuits is suspected, 

make a quick test of the sensitivity at the centre and low-frequency 
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end of the band, since adjustment of the trimmers may be sufficient to 
restore the accuracy of alignment. Where the performance of the 
receiver is still unsatisfactory, however, continue re-alignment as 
follows: 

Set the signal generator to the lower alignment frequency (e.g., 
600 kc is, 500 m.). 

Set the tuning cursor accurately to the selected wavelength and adjust 
the medium-wave oscillator padder or medium-wave oscillator dust-
iron core until the signal is heard. The correct adjustment position 
will again be that which gives a maximum reading on the output meter. 

Adjust the tuned signal frequency or ." aerial" circuit of the fre-
quency-changer valve by means of the padder (often omitted) or 
adjustable dust-iron core to give maximum output, rocking the ganged 
tuning capacitors slightly during each adjustment, and reducing the 
signal-generator output as the receiver's sensitivity increases. 

In a similar manner, adjust the tuned circuit of the radio-frequency • 
amplifier valve (where provided). 

These adjustments atthe higher wavelength will probably affect those 
carried out earlier at the lower wavelength; therefore all adjustments 
should be repeated at both alignment points until no further improve-
ment can be obtained. Wher4 . .s impossible to eliminate completely 
this fault, which is known as " pulling ", the final adjustment should be 
made at the higher-frequency position (e.g., 1,500 Ice /s). 
The alignment procedure outlined ahove is equally applicable to the 

ióng and short wavebands, in each case adjustment to the trimmers 
being made at the higher frequency and adjustment to the cores or 
padders being made at the lower alignment frequency. In some 
receivers, however, certain of the adjustment points are omitted on one 
or more of the wavebands, and the procedure rn”et be modified accord-
ingly. On portable receivers, for example, only trimming capacitors 
may be provided; and in such cases the receiver is usually aligned at 
1,500 m. (200 kcis). 

It is difficult to secure accurate alignment over an entire waveband, 
especially where the frequency ratio is high. Practical alignment is 
therefore often a matter of compromise, and some variation in sensi-
tivity will usually remain, no matter how carefully the circuits are 
adjusted. For normal broadcast reception such discrepancies are 
usually of little practical importance. Tracking errors on any one 
band can be corrected by adjustment to the outer rotary vanes of the 
ganged tuning capacitors; but this correction may not hold good on 
other wavebands. 
Where the layout of trimmers and inductors is unknown, this must be 

traced before commencing re-alignment. Most manufacttrrers supply 
such information, but failing this, examination of the circuit wiring and 
comparison of the relative sizes of the various inductors must be 
resorted to. By lightly touching adjustment screws with a metal 
screwdriver while the receiver is successively switched to each wave-
band, the strength of the resulting clicks will also prove a valuable 
guide as to which components belong to which circuits. 

Short-wave Alignment 

Although the re-alignment of short wavebands is fundamentally 
similar to that already described for the medium waveband, certain 
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additional precautions are necessary if maximum performance is to be 
obtained. 

Standard dummy aerials are usually unsatisfactory for short-wave 
operation, and should therefore be replaced by a 400-ohm non-inductive 
resistor connected between the signal generator and the aerial socket of 
the receiver. 
As the frequency is increased, the second channel (" image ") response 

will become more prominent. This is due to the decreasing percent-
age difference between signal and oscillator frequencies. Care should 
therefore be taken to ensure that the receiver is adjusted to the correct 
frequency and not to that of the second- "el. The oséillator 
circuit is usually designed to track at a frequency higher than that of the 
signal frequency, though this arrangement is sometimes reversed. 
Generally speaking, there are two positions of the oscillator trimmer 
which give a satisfactory response, and the one requiring the lesser 
capacitance should be chosen. 
Adjustment of communications-type receivers or receivers incor-

porating electrical bandspread circuits on short wavebands should not 
be lightly undertaken. It should be attempted only where testa clearly 
indicate that this is necessary and a full range of service equipment 
(including an accurate frequency sub-standard) is available. Manu-
facturers' instructions should be carefully followed at all times. 

Image Rejector 
The image rejector, where fitted, should be adjusted after the align-

ment of the long waveband. A popular arrangement consists of a 
series-tuned (acceptor) wave-trap connected across the long-wave input 
transformer, and adjusted to the wavelength of the offending medium-
wave station. For example, the 247-m. B.B.C. transmitter may appear 
on approximately 1,056 m. where an intermediate frequency of 465 kc/s 
is used.. To minimize such interference, procedure would be as follows: 
Connect the modulated signal generator to the aerial and earth sockets 

through a dummy aerial, as for radio-frequency alignment, and connect a 
suitably matched output meter. 

Inject a strong 1,214-kc/s (247-m.) signal and tune the receiver on the 
long waveband until this is heard. 

Adjust the trimmer or dust-iron core of the image-rejector circuit 
until minimum response on the output meter is obtained. 

A.C./D.C. Receivers 
With A.C./D.C. receivers, A.C./battery receivers and some A.C. 

receivers using A.C./D.C. technique, particular care must be taken 
during re-alignment to minimize the risk of shock and damage to equip-
ment, which arises from a high potential (" live ") chassis. Before 
commencing work on a receiver always examine the circuit diagram 
(or receiver itself) to ascertain whether there is a D.C. continuity 
between chassis and power-supply leads. 
The most satisfactory and complete safeguard is to sutiply power for 

the receiver from A.C. mains through a double-wound (1: 1 ratio) 
isolating transformer. No other special precautions will then be 
necessary. 
Where such a transformer is not available, it is advisable to make sure 

that the chassis is at earth potential before starting to re-align the 

3 D 
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receiver. This can be done by connecting the receiver to A.C. supply 
mains, switching on and checking by means of a sensitive A.C. volt-
meter or neon bulb in series with an earth lead, and reversing the mains-
input plug where the chassis is found to be above earth potential. 
Where the receiver cannot be operated with the chassis at earth 

potential, as may be the case where power is obtained from D.C. supply 
mains, great care should be taken not to touch the chassis unless 
standing on a rubber mat, nor to allow any piece of earthed equipment 
(e.g., signal generator, electric soldering-iron) to come into contact with 
the chassis. The screened output lead from the signal generator should 
be connected to chassis via a good-quality 0-1-µF isolating capacitor for 
all alignment processes. As a further precaution direct earth connec-
tions should be removed from any piece of equipment which may come 
into contact with the chassis. 

Portable Receivers 

Where receivers are normally operated from internal frame aerials 
(e.g., portable and " personal " models) re-alignment must be carried 
out with these aerials in circuit. 

SCREENED CABLE 

TERMINATE END OF 
CABLE TO sun- TYPE 
OF SIGNAL GENERATOR 

USED 

WIRE GAUZE CYLINDER 3ç DIA. 
X 2"LONG OPEN BOTH ENDS 

20 TURNS OF 18 S.W.G. TINNED 
COPPER WIRE AT A PITCH OF 
15 TURNS PER INCH ON A 
1,,,XOLIN F9RMER 2f0.D. X 
111.D. X 2 i LONG. AFTER TEST 
APPLY A COAT OF VARNISH 

SOLDER START OF WINDING 
TO SCREEN 

MOUNTING BRACKET 

EBONITE ROD 

Fm. 12.—CONSTRUCTION OP A SHIELDED COIL. 

Details of the directional dummy aerial recommended for the re-alignment of models 
incorporating frame aerials. 

(Phi/co) 

For radio-frequency alignment the signal should preferably be in-
jected via an R.M.A. standard shielded coil spaced about 1 ft. from the 
frame aerial. This coil is defined as follows: " This shall be a 
cylindrical coil, 5 cm. in radius and 6 cm. deep, wound with 20 turns 
to an approximate inductance of 40 microhenrys. The whole coil 
shall be shielded by a wire cage arranged to avoid magnetic screening 
(i.e., there shall be no completp circuits whose planes are normal to the 
axis of the coil). The connecting leads shall also be screened." 
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Where a coil of this type is not available, a small loop aerial (about 
four turns) of approximately the same area as the frame aerial of the 
receiver should be connected to the output leads or socket of the signal 
generator and set up at a minimum distance of 2 ft. from the receiver. 
For preliminary adjustments, it may prove necessary to loosely couple 
the signal-generator output lead to the grid of the frequency-changer 
valve by laying the lead near to this point. 
The receiver should always be aligned with the batteries and loud-

speaker in the same position relative to the frame aerial as would be the 
ease unçler normal operating conditions, otherwise the inductance of the 
frame aerial may be affected. 

Straight Receivers 

The alignment of straight (T.R.F.) receivers is comparatively simple, 
except perhaps where band-pass circuits are involved, since the difficulty 
of tracking radio-frequency circuits at different frequencies does not 
arise. 

Alignment is usually achieved by means of trimmers and split vanes 
on the ganged tuning capacitors. In practice, adjustment of the vanes 
is seldom necessary. Medium-wave trimmers usually remain in circuit 
when the receiver is operated on the long waveband, and in such cases 
the medium waveband must be aligned first. 
The equipment is set up as for the radio-frequency alignment of super-

heterodyne circuits. The tuned circuits in the demodulator stage are 
trimmed at a point near the high-frequency end of each band until the 
dial calibration is correct, and the tuned ciréuits of any radio-frequency 
stages are adjusted for maximum output. The split vanes of the ganged 

METER 
CONNECTED 

HERE 

13.—INTERMEDIATE-FREQUENCY STAGE OF A BATTERY. 
OPERATED RECEIVER. 

The voltage drop across R2 is varied by A.V.C. action, and the screen 
voltage is measured by a voltmeter connected across the screen by-pass 
capacitor Cl. Resonance will be indicated by an increase in screen voltage. 
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(a) 

(b) 
FIG. A.V.C. CIRCUITS 

(a) Method of obtaining A.V.C. from a signal diode; (b) A.V.C. obtained 
from a sepafate diode section, fed from the secondary of the intermediate-
frequency transformer. How resonance indications are affected by the 
type of circuit is explained in the text. 

capacitors may then be adjusted near the low-frequency end of the band 
on which maximum sensitivity is required. 

Band-pass coils in the aerial circuits should be adjusted in a manner 
similar to that already described for band-paas intermediate-frequency 
circuits (see page 25), the signal-generator control being slowly 
rotated until the receiver output falls to half its peak value, and the 
number of kilocycles off resonance noted. Should the figures obtained 
differ by more than about 1 kc/s, the trimmers must be adjusted to give 
more output on the side which showed the greater difference. Align-
ment of bandpass circuits, however, can more easily be carried out 
with the aid of an oscillograph and a frequency-modulated oscillator. 

Alternative Methods of Indicating Resonance 

Should neither an output meter nor sensitive A.C. voltmeter (0-5 or 
0-150 volts) be available, alternative methods of indicating circuit 
resonances can be employed. 
Where a " magic eye" or similar type of visual tuning indicator is 
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fitted, this provides a rough indication of the signal voltage reaching the 
demodulator valve, and can therefore be used in much the same way as 
an output meter: an =modulated signal generator can then be used. 
This form of indicator tends to be sluggish in response, and is not 
recommended. 

A.V.C. circuits permit reasonably accurate alignment to be made 
with a sensitive D.C. voltmeter, indication of. circuit adjustment being 
obtained by noting the effect of the A.V.C. voltage on one of the con-
trolled stages. With this system, the injected areal should be un-
modulated and of adequate strength to overcome the initial delay of the 
A.V.C. circuit. The D.C. voltmeter may be connected in any of several 
possible ways, two of which are shown in Fig. 10 (points " A " and 
" B ") and in Fig. 13. That shown in Fig. 10 is retommended for 
mains-operated receivers, a voltmeter measuring 0-10 volts being 
connected across the bias resistor of the intermediate-frequency valve. 
As the circuits are brought into resonance, the A.V.C. applies additional 
bias to the grid of this valve, reducing the anode current and hence the 
voltage drop across the bias resistor. Resonance is thus indicated by a 
decrease in voltage. In Fig. 13—recommended for battery-operated 
models—a D.C. voltmeter measuring 0-100 volts is connected between the 
screen grid of the intermediate-frequency valve and chassis. The 
action is similar, but resonance is indicated by an increase in reading. 
With these systems it is possible to align a receiver on incoming broad-
cast signals, since the varying modulation depth will not affect the 
reading. 
The details given in the preceding paragraph apply to the adjustment 

of all circuits up to and including the primary of the final intermediate. 
frequency transformer, but the type of indication to be expected when 
adjusting the secondary of this transformer depends upon the design of 
the receiver. As this circuit is brought into resonance it tends to extract 
power from the primary. Thus when the A.V.C. voltage is derived from 
the anode of the intermediate-frequency valve, as in Fig. 10, a volt-
meter connected across RI would show a slight increase in reading at 
resonance. Where, however, the A.V.C. is derived from the signal 
diode (Fig. 14 (a)) or from a separate diode connected to the secondary 
of the final intermediate-frequency transformer (Fig. 14 (b)), the volt-
meter reading will decrease at resonance. 
One further method of obtaining an indication of resonance is to 

insert a sensitive micro-ammeter in series with the signal diode load at a 
point of low potential, such as " Z " in Fig. 10. Though reliable and 
positive, this method is seldom convenient to use. As with a power-
output meter, the signal input must be kept low in order to prevent the 
A.V.C. from coming into play, and adjustment is made for maximum 
current on all circuits. 

Tuning Wands 
When dealing with receivers possessing readily accessible, air-cored 

inductors, a most useful accessory takes the form of a " tuning wand ", 
consisting of an insulated rod some 6 in. long and I in. in diameter, 
having a piece of ferromould (çlust-iron) core material about in. long 
and in. in diameter attached to one end, and a piece of brass of 
similar dimensions attached to the other. The effect of introducing the 
iron end into a coil will be to increase the inductance, while inserting the 
brass end will lower it. The rod can thus be used to check alignment. e 
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SERVICING V.H.F. RECEIVERS 

The introduction of V.H.F. broadcasting in Band II (87.5-100 Mc is) 
has presented the service engineer with a number of new problems. 
The design of combined A.M./F.M. receivers is discussed in Section 14, 
and it is important that the basic principles of the circuits used and 
the problems involved should be fully understood when dealing with 
these receivers. 
While much of the trouble-tracing will be similar to that already 

described for standard medium or all-wave receivers, it must be remem-
bered that the circuits at V.H.F. may easily be affected by small changes 
in the positioning of wires or by any deterioration of valves and insula-
tion materials that might pass unnoticed on the lower frequencies. 
The radio-frequency circuits and the 101-Me /s intermediate-frequency 
circuits demand the same careful treatment as in television-receiver 
servicing. 
The most fundamental change in servicing procedure, however, is in 

the re-alignment of F.M. receivers, particularly of the discriminator 
stage. Since there is considerable variation in the finer details with 
different models, it is strongly recommended that manufacturers' recom-
mendations be followed wherever possible. Procedure will also be 
affected by the type of servicing equipment available, and for this 
reason the following notes are intended as a general guide only, and 
are concerned mainly with cases where only a minimum of test equip-
ment is available. 

Alignment 
Tho qúality of an F.M. receiver depends very largely upon the 

accuracy of alignment of the ratio detector transformer and the I.F. 

- 
.A[OulENG 

OUTPUT 
VOLTAGE 

(a) Ibl 

TO ,I o 
gCOSA EACH • 0 

A.I 

(d) 

15.—ALIGNMENT or BALANCED AND «UNBALANCED RATIO DETECTORS. 

In practice the ideal linear bandwidth of 230 kcis cannot be achieved 
on many receivers, about 180 ke,s being fairly normal. 
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stages, as the response curve must be linear over the full band-width 
and balanced about the nominal I.F. (see Fig. 15 (a)). The most 
accurate method of alignment of these circuits is by means of fre-
quency-modulated oscillator and full visual display equipment. Where 
this is not available, the procedure given in Table 1 will give good results, 
provided care is taken. The equipment required is a signal generator 
covering 10-7 Mc/s; a valve voltmeter or high-resistance voltmeter 
(5-10 volts F.S.D., about 20,000 ohms/volt or higher) ; a micro-ammeter 
(200-250 A F.S.D.); and, for unbalanced ratio detectors, a pair of 
matched carbon resistors between 50k and 100k. In practice, the two 
meters may be available in a single multi-tester. The 10-7-Mcis signal 
is injected into the I.F. strip, and the procedure ia. then as outlined in 
the table. 

TA-BL.E 1.—ALICe.131ENT OF RATIO DETECTOR AND F.M./I.F. 
CIRCUITS 

« Recommended order of procedure when using unmodulated. signal 
generator 

C ircuit(s) Meter and Adjustment 

1. Primary of ratio detector trans-
former 

I.F. transformers (working 
backwards from last I.F. 
stage to mixer output) 

3. Secondary of ratio detector 
transformer 

4. Readjust primary of ratio de-
tector transformer 

5. Readjust I.F. transformers 
6. Finally, readjust ratio detector 

transformer secondary 

Connect voltmeter as X in appro-
priate section of Fig. 15. Ad-
just core for maximum reading 

As 1, reducing input as necessary 
to maintain reading of about 4 
volts 

Micro-ammeter as Y in Fig. 15. 
Adjust for zero reeding centrally 
between two peaks of opposite 
polarity 

As 1 

As 2 
As 3 

7. Check response curve to ensure that the peaks (Fig. 15 (a)) are cen-
trally balanced about zero point. To check this, measure Y read-
ings at 10-6 Mc/s and 10-8 Mcfs (or as appropriate if I.F. is other 
than 10-7 Mc/s). Readings should be within a few micro-amperes 
of each other 

When adjusting intermediate-frequency transformers at 10-7 Mc/s or 
above, it will be necessary to consider—as in television practice—the 
affect of trimming tools, which should therefore be of non-metallic, 
low-capacitance type with a long handle. It is also more than ever 
important to allow plenty of time for the receiver to reach its settled 
operating temperature before starting adjustments. 



39-36 RADIO AND TELEVISION REFERENCE BOOK 

SERVICING PRINTED WIRING PANELS 

From the servicing viewpoint the introduction of printed wiring 
panels may be regarded as a mixed blessing. For instance, one 
advantage is that the component identification" R " and " C " numbers 
can be printed alongside the actual component for rapid identification, 
and with such sets all components are usually readily accessible without 
having to dig down through several layers of resistors and wires. On 
the other hand, tracing out an unknown circuit can be more difficult, 
even though the panels are often translucent so that the position of 
components can be observed when looking at the wiring side by bringing 
a 60-watt electric lamp close to the component side of the panel. 
The ihain difference in the servicing of printed-circuit receivers is in 

the replacement of faulty components, calling as it does for greater 
skill and caro in soldering. Too large or too hot a soldering-iron may 
cause blistering and damage to the laminated board. Very sparing use 
of solder is also necessary, as otherwise it may run between adjacent 
copper " wires " and be difficult to clear. 

Tools 

The following tools and aids are recommended: 

(1) A low-wattage soldering-iron with a small point or wedge 
bit. The ratings should be less than 50 watts, and preferable 
less than 35 watts. 

(2) Supply of 60/40 resin-cored solder. 
(3) Soft wire brush (such as suede-shoe brush). 
(4) Pair of diagonal wire cutters. 
(5) Pair of long-nosed pliers. 
(6) Small wire pick or soldering aid. 
(7) Needle-point probe for circuit testing. 
(8) Magnifying glass for detection of small cracks. 

General Precautions 

(1) avoid damaging the copper foil. Be ;careful when removing 
components not to cause small breaks in the foil. Should a small break 

PRINTED CIRCUIT 
BOARD 

HAIRLINE CRACK IN FOIL 
AS IT APPEARS THROUGH 
MAGNIFIER AND ON BOARD 

PIN OR NEEDLE SOLDERED TO CROCODILE 
CLIP (NEEDLE SHOULD. BE BRASS SO THAT 
IT WILL TAKE. SOLDER READILY) 

SCREW OR END MADE CROCODILE 
ADAPTABLE FOR OSCILLOSCOPE CLIP 
OR TESTMETER PROBES 

FIG. 16 (left).—DETECTION OF HAIR-
LINE CRACKS. 

FIG. 17 (right).—CONSTRUCTION OF 
NEEDLE POINT PROBE. 
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occur, this can usually be " jumped" with molten solder. Larger 
breaks should be repaired with single strand connecting wire. 

(2) Never apply excessive pressure to the wiring board, as this 
can easily pause cracks or breaks in the foil. 

(3) Excessive heating from large soldering-irons or due to overlong 
application of a hot iron may cause the bond between the board and the 
copper foil to break or blister. 

(4) When replacing components avoid large deposits of solder. These 
can easily cause a short-circuit or intermittent fault by bridging adjacent 
copper foils. 

(5) When brushing off molten solder small particles may be left 
sticking to the board. Before installing a new component remove 
these particles with a cloth dipped in solvent. 

Replacing Components 
It is best to clean and tip with solder any new components before 

inserting them through the holes in the laminated base. The wired 
ends of resistors and capacitors should be carefully trimmed and bent 
over so that when soldered into position there is no tendency for the 
component to force the copper foil away from the base. A method of 
overcoming this with simpler and non-critical circuits is to clip away 
the defective component with wire cutters, leaving as much as possible 
of the original connecting leads in place, and then to shape the leads of 
the replacement component into small loops which can be slipped over 
the original leads and soldered into place; if the original legs are very 
short it may provo advisable to cut the old component in half with wire 
cutters and then strip the component away from its internal leads to 
provide slightly longer connecting wires. It should be noted, however, 
that when components are changed in more critical circuits, such as 
where parasitic or spurious oscillation is liable to occur with a change of 
stray capacitance or slight change in position of a component, this 
method of clipping off the lead and soldering the new component to the 
wire ends can result in instability. In such circuits it is better to 
remove the old component completely and to solder the new component 
in its place. In all cases where it is necessary to unsolder wires and lugs 
on the wiring side of the .board, the following procedure should be 

used: 
(1) Heat the connection on the foil side of the panel with a small 

soldering-iron. When the solder becomes molten brush it away 
with a soft wire brush, taking care not to overheat the connection, 
and remove the iron while brushing away the solder. It may 
require several sequences of heating and brushing to remove all 

the sokler. 
(2) Insert the blade of a knife between the copper foil and the 

bent-over component lead and bend the latter perpendicular to the 
board. It will sometimes be necessary to apply the iron to the 
joint while doing this where the connection has not been broken 

by the brushing. 
(3) While applying the iron to the joint, gently " wiggle " the 

component until it comes away from the panel. 
(4) Remove any small particles of solder which may be sticking 

to the protective coating of the circuit board. 
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(5) If there is a thin layer of solder left over the hole, pierce this 
with the new component wires after heating the solder. 

(6) Place the new component in position and cut the connecting 
leads as necessary. Bend over the ends against the copper foil 
and resolder the joint. 

(7) Finally, recoat the affected area with a protective coating 
such as polystyrene dope. 

Measurements 

Resistance and component measurements are usually possible from 
the component side of the board, but, should it be necessary to work 
on the wiring side, it should be remembered that the protective coating 
over the foil forms an insulator: this can easily be penetrated by using 
a probe consisting of a brass needle soldered to a crocodile clip. 

SERVICING TRANSISTORIZED EQUIPMENT 

Servicing transistorized equipment presents a number if pitfalls 
for the unwary, including the possibility of destroying or damaging 
the transistors. These dangers arise mainly from unfamiliarity with 
trtinsistor practice, as once this is understood there is little that is 
inherently difficult in dealing with transistor equipment. Just as it 
soon becomes second nature to avoid putting H.T. across the filament 
pins of a battery valve, or high positive voltages on a grid, so similar 
semi-automatic reflexes develop with transistors. But until con-
siderable experience has been gained of handling transistors, the service 
engineer and constructor should keep continuously in mind the ways 
in which transistors can be damaged. 

First, correct battery polarity must be carefully observed. Connec-
tion of the wrong battery polarity to the collector, even momentarily, 
will almost certainly destroy a transistor. Since, for both point-contact 
and pnp junction transistors, the correct polarity—with the " anode " 
(collector) negative— is the direct opposite to what service engineers 
have been accustomed when handling valve circuits, there is a real 
danger of connecting the battery wrongly unless vigilance is exercised. 
Particular care should also be taken not to allow voltages to develop 
accidentally across the various electrodes. The internal resistance 
may be very low, particularly with power transistors, so that even 
comparatively low voltages may cause currents sufficient to burn out 
or damage a transistor. One way in which such voltages may be 
introduced into a circuit is by the use of the resistance-measuring or 
continuity testing ranges of a conventional multi-test meter with an 
internal battery. Never use a low-sensitivity continuity tester, and 
make sure that any testmeter has an internal resistance of several 
thousand ohms; when in any doubt, connect an external resistor into 
circuit or disconnect the transistors from the circuit under test. Do 
not overlook the possibility that some servicing instruments and even 
soldering-irons may have a small potential between the instrument 
and earth, and that this can represent a source of danger. It is usually 
-safe to use a voltmeter for checking potentials, but even here it is 
better to connect the meter into circuit before the receiver is switched 
on and not withdraw it until after the set is switched off; the insertion 
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of meters for current tests is not usually recommended, as this may alter 
the operating conditions of the transistor. It is safipst to use isolating 
capacitors. Do not forget that the sudden discharge of a high-value 
capacitor through a transistor may cause damage Excessive slgnal 
inputs during alignment are also dangerous. 

FIG• 18.—A USEFUL HEAT 
&Inc. 

A convenient heat sink that 
leaves both hands free for 
'soldering can be made from a 
standard crocodile clip. The 
thick copper wires conduct heat 
away from the wire on which it 
is clipped while the brass plates 
assist dissipation of the heat to 
the air. 

THICK COPPE .,RES 
SOLDERED IN .IAWS 

FILE FLAT TO 
LEVEL OF JAWS 

HARD DRAWN BRASS 
APPROX. l'ex'e 
BRAZED OR SOLDERED 
TO CLIP 

A further important matter is that of temperature. It is essential 
that the soldering of transistors (and, incidentally, crystal diodes) into 
and out of circuit be carried out as quickly as possible with low-wattage 
irons to prevent heat travelling along the connecting wires into the body 
of the transistor. The use of a 'cheat sink" is always to be recom-
mended when soldering these components; this usually takes the form 
of gripping the wire between the point of soldering and the body of the 
transistor with a cool pair of pliers, so that there is good thermal 
contact between the wire and the pliers which will then absorb most 
of the heat. Transistor wires are tinned and plated to enable soldering 
to be carried out as quickly as practicable. Generally, solder as far 
away as possible from the body of the transistor, but do 'not leave very 
long leads or this may cause vibration of the transistor. Incidentally, 
when connecting transistors into circuit take care not to bend the 
joining wires too close to the body of the transistor. Never remove 
or disconnect transistors without making sure that the equipment is 
" off ", and-all potentials removed. 

It is not only while soldering that the transistor may be affected by heat 
and humidity: the designer must take care that all transistors are sited 
well away from heat-producing components and with adequate ventila-
tion, and the service engineer should be careful not to make any 
alterations that would permit the transistors to become overheated. 
Another aspect of the same problem is that of not allowing, by com-
ponent changes, the rated collector dissipation to be exceeded. Transis-
tors should not be stored in places where there is any danger of extremes 
of temperature, or dampness. 
One point which should not be overlooked is that transistor material 

is sensitive to light. To overcome this, transistors normally have an 
opaque coating, and care should be taken not to damage this. Should 
the coating be removed, there is always the danger that a transistor 
may be affected by light, and this could, for instance, be the source 
of hum pick-up from an A.C.-opArated light bulb. 
A useful tool is a non-metallic crochet hook with a notch suitable for 

gripping wires at one end, and a fine point for probing or cleaning away 

solder at the other. 
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SERVICING COMMUNICATIONS RECEIVERS 

The number of valves and stages used in communications receivers 
may be considerable, and therefore the servicing of such instruments is 
sometimes regarded as a formidable task. A typical communications 
receiver might comprise : one or two stages of radio-frequency amplifica-
tion; frequency changer stage, often with a separate local oscillator 
valve; one, two or three stages of intermediate-frequency amplifica-
tion; beat-frequency oscillator; detector and A.V.C. diodes; noise 
limiter; audio-frequency voltage amplifier; audio-frequency power 
amplifier power rectifier. A neon voltage stabilizer is commonly fitted 
to control the voltage applied to the anode of the local oscillator valve. 
With an intermediate frequency of 465 kc/s, it is often considered 

necessary to employ two tuned stages of radio-frequency amplification 
in order to rediice image interference on the higher frequencies. This 
arrangement necessitates four ganged tuning circuits: first radio-
frequency, second radio-frequency, mixer and oscillator. Sometimos 
the difficulty is overcome by raising the intermediate frequency to, for 
example, 1,600 kc/s, or by the use of double conversion. In the ease of 
double conversion, incoming signals are converted, for example, to 
1,600 or 2,075 kc/s and then, by means of a second frequency-changer 
valve, to 465 kc/s or, in some instances, to a much lower frequency 
each as 85 or 110 kc/s, the main amplification taking place at the 
second, i.e., lower, intermediate frequency. The double-conversion 
method is becoming increasingly popular, for it enables satisfactory 
image rejection to be achieved with one radio-frequency stage; at 
the sanie time the high selectivity and high gain of low intermediate-
frequency circuits are retained. A typical double-conversion arrange-
ment consists of: radio-frequency amplifier; frequency changer and 
separate triode oscillator (2,075 kc/s) ; triode-hexode frequency changer 
(455 kc/s); three stages of amplification at 455 kc/s; double-diode noise 
limiter and A.V.C.; diode detector; double-triode B.F.0.. and audio-
frequency amplifier; audio-frequency output; neon stabilizer; power 
rectifier. When double conversion is employed, efficient screening and 
careful layout .of the local oscillator circuits are necessary if spurious 
responses to harmonics of the lower-frequency oscillator are to be 
avoided. For details of a typical receiver see Section 22. 
The tuning mechanism of communications receivers is usually cali-

brated in kilocycles. Owing to the sharpness of the tuning, smooth-
action reduction gear as free as possible from backlash and with good re-
set accuracy is essential. Elaborate precautions may also be necessary 
to avoid loss of sensitivity and blind spots resulting from stray coupling 
at the wave-change switch; several manufacturers use rotary turrets or 
plug-in coil assemblies to overcome this difficulty. 

Alignment 

While the ' alignment procedure for communications receivers is 
basically similar to that employed for standard broadcast receivers, the 
large number of tuned circuits and the high standard of performance 
required will naturally tend to make the task not only more lengthy, but 
greater accuracy of adjustment will also be required. On the other 
hand, the air dielectric trimmers often used and the sturdy construction 
of many models diminish the likelihood of radical misalignmeat occur-
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ring in normal circumstances. The apparent complexity of re-align-
ment can best be resolved by working systematically through the various 
wavebands, resisting any temptation to make haphazard adjustments. 
Cireful attention should be given to manufacturers' recommendations, 
and it should also be borne in mind that selectivity and sensitivity are 
likely to be regarded by the user as being of far greater importance than 
fidelity of reproduction. All intermediate-frequency circuits should 
therefore be peaked and no attempt made to obtain band-pass 

characteristics. 
Any of the methods for obtaining indication of resonance which are 

specified in the section on the alignrnent of broadcast receivers (see 
page 32) may be used. In addition, a high impedance A.C. voltmeter 
may be connected to the headphones-jack. Where an S-meter is fitted. 
this in itself forms a suitable indicator, and the circuits should be 
adjusted for maximum deflection of the needle. It should be noted 
that A.V.C. is --nt always applied to the first radio-frequency amplifier, 
the frequency changer or the later intermediate-frequency stages; 
the first intermediate-frequency stage is, however, almost invariably 

A.V.C. controlled. 

Intermediate-trequeney Alignment 
Where no crystal filter is fitted, there is little difference between the 

intermediate-frequency alignment of a communications receiver and 
that of a broadcast receiver. If separate intermediate-frequency and 
radio-frequency controls are incorporated, the intermediate-frequency 
control should be set at the maximum-gain position and the radio-
frequency control at minimum. Where these controls aro combined— 
as usually they are—the control should be set for maximum gain. If 
any form of audio-output meter is used, the audio-frequency gain control 
should be set at maximum gain and the A.V.C. switched off. Where 
A.V.C. action is used to obtain indication of resonance, the audio-
frequency gain may be set to a convenient level. Readings should be 

CI 
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C2 

C3 C5 

C4 

FIG. I9.—CRYSTAL FILTER. 

In this circuit L3/C6 Is tuned to the exact frequency of the crystal, while 
C4 is the phasing control. C5 may be made variable, and then becomes a 

selectivity control. 
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kept within reasonable limite by adjustment of the attenuator on the 
signai generator. 

Should the receiver incorporate a crystal filter, the intermediate 
frequency must be made to coincide with the resonant frequency of the 
crystal, even where this differs slightly—owing to tolerances in crystal 
etching and lapping—from the nominal intermediate frequency specified 
by the manufacturers. It can be seen from the. circuit of a typical 
crystal filter in Fig. 19 that an additional tuned circuit L3—C6 is involved. 
To find the resonant frequency of the crystal, the procedure is as 

follows: 
Switch the crystal into circuit and set the phasing capacitor at 

approximately half-mesh. Inject a fairly strong modulated signal to 
the control grid of the frequency-changer valve. Vary the túning 
control of the signal generator very slowly over a range of .a few kilo-
cycles either side of the nominal intermediate frequency of the receiver. 
At one point a very definite sharply peaked response should be obtained. 
The frequency of the signal generator at this setting corresponds to the 
frequency of the crystal; normal intermediate-frequency alignment 
procedure should then be carried out, peaking ah intermediate-frequency 
circuits to this frequency. While making intermediate-frequency 
adjustments it will be necessary to advance progressively the attenuator 
on the signal generator to prevent over-loading. Adjustment of the 
secondary circuit of the first intermediate-frequency transformer L2 
will probably affect the resonance of the crystal coil L3 and vice versa; 
repeated trimming of the various circuits is therefore essential. 
With the phasing control at half-mesh, a sharply peaked symmetrical 

response curvo should be obtained. At other settings a clearly defined 
rejection " notch " should appear on one or the other side of the curve, 
the frequency difference between the peak and the " notch " varying 
with the setting of the phase control. If no oscilloscope is available, this 
effect may be tested by slightly altering the frequency of the signal 
generator until a noticeable drop in output is obtained, and then 
slowly rotating the phasing control; at one setting the output should 
drop practically to zero. The signal generator should then be mistuned 
by an equal amount the other side of the intermediate frequency and the 
test repeated. The difference between the peak amplitude and the 
rejection minimum will depend largely upon the " goodness " of the 
particular crystal, and usually varies slightly from model to model. 
Although rare, communications receivers are sometimes fitted with a 

band-pass crystal filter, involving the use of two matched crystals with 
a frequency separation of between 300 and 3,000 c is, depending upon the 
design and whether the filter is intended for the reception of telegraphy 
or telephony transmissions. Varying the signal generator, in this case, 
will produce two points of maximum output, corresponding to the two 
crystal frequencies. The signal generator should be set to a frequency 
mid-way between,. these two points and the intermediate-frequency 
circuits aligned to this frequency. With a band-pass filter the phasing 
control is usually pre-set and should be adjusted only if it is found 
necessary to equalize the response of the two crystal peaks. 

In appearance the B.F.O. coil unit will generally resemble an inter-
mediate-frequency transformer, with a single aperture for adjustment of 
the trimmer or iron-dust core, fine adjustment being by means of the 
pitch-control knob. To check the alignment of the B.F.O., the pitch. 
control capacitor should be set at half-mesh. Then, with the B.F.O. 
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switched off, a steady unmodulated signal should be accurately tuned in 
—the frequency of the signal being unimportant—and the B.F.O. 
switched on. If the unit be correctly adjusted, rotation of the pitch 
control should result in a heterodyne beat note becoming audible, 
variable up to about 4,000 cis each side of the centre null—" zero 
beat "—point, which should coincide with the half-mesh position. If 
this effect is not obtained, the adjustment in the B.F.O. coil unit should 
be alt...red as required. 
The user of a communications receiver generally requires exact dial 

calibration and, therefore, a normal signal generator alone will seldom 
be accurate enough for the setting of the oscillator circuits. But wide-
coverage frequency meters, which can be set with reference to a built-in 
crystal oscillator, are ideal for this purpose, typical examples being the 
American Service types BC221 and LM7, a number of which have 
become available in the United Kingdom as Service Disposals. Where 
such an instrument is not available, a crystal-controlled sub-standard 
may be used. This device is not calibrated. It is, however, iesigned 
to give a strong harmonic output at intervals of either 100 or 1,000 kc Is 
throughout the high-frequency spectrum. Since neither frequency 
meters nor sub-standards are generally designed to give a modulated 
output, they must be used in conjunction with the B.F.O. on the 
receiver, which should always be set at half-mesh and signals tuned to 
zero beat. For adjustment of the oscillator circuits it is usually better 
to rely on setting by ear rather than on meter readings, since the zero. 
beat method provides an extremely accurate indication of resonance. 
Adjustments to the oscillator circuit are made on each range in turn, 

moving the trimmer at the high-frequency end and the dust-iron core or 
variable padder capacitor at the low-frequency end. Calibration checks 
ehould always be carried out at convenient intermediate points in 
addition to those made towards the high- and low-frequency ends. 
Where dust-iron cores are used, the padder or tracking capacitor will 
almost certainly be fixed on the higher-frequency ranges, but may be 
variable on the lower-frequency ranges: if the calibration is still • in-
correct after'repeated adjustments of the core, further trials should be 
made, this time varying the padder capacitor. 

After the oscillator circuits have been adjusted, the sub-standied or 
frequency meter may be replaced by a modulated signal generator 
connected to the input terminals of the receiver via a short-wave dummy 
aerial, the B.F.O. being switched off and the radio-frequency gain 
control set to the rpaximiun-gain position. If a panel-controlled aerial 
trimmer is fitted, the vanes should be set at half-mesh throughout the 
alignment of the signal-frequency circuits. This operation is then 
carried out in the normal manner, adjusting trimmers and cores for 
maximum response at frequencies near to but not quite at the end of 
each range. Adjustments should always be repeated to ensure optimum 
gain, and the final adjustment made at the higher-frequency point. 

Manufacturers' literature often gives detailed figures of sensitivity, 
both intermediate frequency and overall, selectivity and similar data. 
Whenever possible a check should be made after re-alignment to 
ascertain whether or not the performance of the receiver is up to 
standard. 
A final test should always be carried out with a standard aerial, as 

this may show up small defects likely to be overlooked when testing 
with instruments. 
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AUTOMOBILE RADIO RECEIVERS 

Automobile radio receivers are liable to develop the same faults as 
standard domestic receivers, and the servicing procedure differs littlé 
from those already described. However, owing to the more rigorous 
conditions under which automobile models are operated, there is a 
tendency for certain types of faults to assume greater importance than 
with domestic receivers. 

It should be remembered that these receivers are subjected to con-
siderable vibration, and their mechanical construction must of necessity 
be sound: particular attention should therefore be paid to all soldered 
joints, and all variable cores and trimmers should be sealed after adjust-
ment, otherwise their setting may change. There is also an increased 
risk of moisture entering the receiver housing, either by absorption 
or by condensation, resulting in the lowering of the insulation resistances 
of capacitors, transformers and other components, leading to inefficient 
operation and premature breakdown. The best safeguard against faults 
developing from this cause is the use of high-grade, tropicalized com-
ponents for all replacement purposes. 
The vibrator units are also subject to considerable deterioration, and 

have a limited life; the contact points wear or become ,pitted and 
stick, or the springs lose their tension. 
The main on/off switch has to carry a relatively high current at low 

voltages, and any resistance introduced by dirt or oxidation, caused by 
arcing, may reduce the efficiency of the receiver, or even cause complete 
failure. 

Complete failure of the power pack is often caused by the bieakdown 
of the rectifier-anode filter capacitor, connected across the secondary of 
the H.T. transformer. High-voltage types of exact capacitance should 
always be fitted in this position. Cold-cathode rectifiers are sometimes 
fitted: a faulty valve in this position may give rise to a form of electrical 
interference resembling hash. 
When re-aligning the radio-frequency circuits the dummy aerial 

employed should be of a high-capacitance type (see page 28). Final 
adjustment should preferably be carried out with the aerial and receiver 
in position. Most car aerials are tightly coupled to the input circuits of 
the receiver, so that any change in the aerial capacitance is liable to 
detune the input circuit, and thus reduce sensitivity. In some vehicles, 
generally of American manufacture, the aerial consists of a section of the 
bodywork, such as a door, or part of-the hood, which is completely 
insulated from the remainder of the bodywork. This type of aerial 
generally possesses considerable capacitance to chassis, and may thus 
" pull " the input circuit unless a suitable dummy aerial has been used. 
When installing a receiver in a vehicle not previously fitted with radio, 

care should be taken to ascertain that the car batteries and charging 
generator are capable of handling the extra drain. The average receiver 
requires about 3 amperes from a 12-volt source, and up to twice this 
figure from 6-volt sources. It is desirable that it should be connected 
in the vehicle electrical circuit so that the generator is protected from 
overload. This could be accomplished, for example, by taking the feed 
for the receiver from the A2 terminal on a Lucas control box. Heavy 
cable will, of course, be required to prevent undue voltage drop. 
The polarity of the car chassia in regard to the engine battery should 
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be checked: many receivers are fitted with electrolytic capacitors which 
will be damaged if the battery is wrongly connected. 

Car aerials are discussed in Sections 14 and 21 and the suppression of 

interference in Section 33. 

TAPE RECORDER SERVICING 

The principles of domestic and professional magnetic recording are 
described in Section 34. In this section information is given on the 
routine adjustment and servicing of domestic tape recorders. 
The electronic section, of a conventional domestic tape recorder 

consists of a power supply; a record amplifier; a playback amplifier 
(usually the record and playback amplifier is a combined dual-purpose 
unit) ;" a recording-level indicator; and an H.F. bias generator. A 
representative circuit is shown in Fig. 20. While a similar arrangement 
to this is used in the majority of currently available commercial tape 
recorders, common variations are: (a) to use one valve as H.F. bias 
generator on record and output stage on playback, in which case the 
record signal is taken off at V2B anode; and (b) to take the record 
output from V2B anode circuit so that V3 can be used for monitoring. 

H.F. Bias Generator 

The purpose of the H.F. bias is to improve the quality, reduce the 
background noise and increase the amplitude of the recording. Any. 
fault or maladjustment in this stage therefore has a marked effect oñ the 
quality of th" recording. 

Bias-level Adjustment 
Some recorders are fitted with a pre-set H.F. bias control enabling 

the bias applied to the recording head to be adjusted for optimum 
results. It is good practice, when servicing a recorder, to check the 
generator output against the manufacturer's figure. This is usually 
given in terms of bias voltage measured across the head or of bias 
current through the head, and may be checked using the appropriate 
A.C. Tange of a test meter. If no manufacturer's recommended figure 
is available, the optimum level of II.F. bias can be found approximately 
as follows: make a trial recording while progressively ..acreasing the 
level of the bias in steps, at the same time measuring the bias voltage 
across the head and reading this off into the microphone with each 
adjustment; then play back the recording; and decide which level 
gives the maximum recorded signal. The correct level of bias for opti-
mum results will then be slightly in excess of this figure. 
The graph shown in Fig. 21 (a) shows how the bias level affects the 

amplitude of the recording. Above a certain bias level, the amplitude 
falls, owing to partial erasure of the recording by the bias. The bias 
level required to give the maximum recorded signal decreases, however, 
as the frequency of the recording increases, as shown in Fig. 21 (b). This 
is because the higher signal frequencies are more easily erased than the 
lower ones, and for optimum results therefore require less bias. The 
bias setting is, therefore, a compromise between the high-frequency 
and low-frequency optimum levels. 
As previously described, one method of achieving this r +promise is 
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¡ OPTIMUM BIAS 

BIAS CURRENT IN RECORDING HEAD 

(a) 

,_.¡4 BIAS LEVEL FOR OPTIMUM RESULTS 
,/ AT 100 cis 

x 
o 
x 

COMPROMISE BIAS 
LEVEL 

BIAS LEVEL FOR ¡ 
OPTIMUM RESULTS AT 10 kcis 

59.0 %goo  
loo 1,000 10,000 

(b) FREQUENCY c/s 

FIG. 21 (a).— Snows THE RELATIONSHIP BETWEEN H.F. BIAS LEVEL AND 
AMPLITUDE OF RECORDED SIGNAL; (b) SHOWS THE RELATIONSHIP BETWEEN 
THE OPTIMUM H .F. BIAS LEVEL AND THE FREQUENCY OF THE RECORDED 

SIGNAL. 

from Fig. 21 (b), setting the bias for maximum output at 1 kcis results 
in the lower frequencies being under-biased and th_e higher frequencies 
over-biased, but will represent the best compromise over the complete 
range. 

Harmonic Distortion 

As important as setting the H.F. bias to the correct level is to ensure 
that it is free from harmonics. The presence of second-harmonic 
distortion in the H.F. bias causes its waveform to be asymmetrical, or 
unbalanced. As an asymmetrical waveform contains a D.C. component, 
it will give rise to a D.C. magnetic field which will magnetize the tape 
and thereby increase the background noise in the recording. For this 
reason, the output valve in a two-stage bias generator is operated under 
Class A conditions. Another method of minimizing the effects of the 
harmonic content of the bias is to incorporate a filter, tuned to the second 
harmonic of the bias filter, in series with the H.F. bias feed to the head. 
The bias waveform, which should be as near sine-wave shape as 

possible, may be inspected by connecting an oscilloscope across the bias 
output to the head. Any departure from a sine waveform normally 
indicates the presence of unwanted harmonics. 
Background noise in a recording may also be caused by a magnetized 

recording head'. The head may become magnetized if the H.F. bias is 
cut off abruptly. :To prevent this happening when the bias H.T. is 
switched off, a large-value smoothing capacitor is connected across the 
H.T. line to the bias generator. This prevents the H.T. voltage falling 
rapidly when switching off, thus ensuring that the H.F. bias decays 
slowly. 

Fault Finding 

kitilure of 17).F, lailuwees istortion, ppor_voltune _and' an increase in 
background noise, n tracing the f1t, any suspicion ortIe-pritWa'a 
amplifier can be removed by checking it with a test tape. Provided 
that the. fault does not lie in the coupling to the erase head, another 
symptom of H.F. bias failure will be the failure of the recorder te erase 
previous recordings from the tape. After making these preliminary 
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tests, make A.C. voltage checks across the recording head and at the 
control grid or anode circuit of the bias oscillator. Absence of A.C. 
bias voltages at these points is usually due to an open-circuit oscillator 
coil, or a faulty oscillator valve or associated component. 
Low H.F. bias level may cause only slight distortion in the recording. 

If the bias generator is also used to feed the erase head, however, previous 
recordings on the tape will not be completely erased. To &infirm this 
condition, check the bias voltage across both the record and erase 
heads. Low H.F. bias is generally due to a low-emission oscillator 
valve, or a high-resistance bias or H.T. feed resistor. 

Record/Playback Amplifier 

The general design of the record/playback amplifier follows the lines 
used in good-quality record reproducers. Equalization is incorporated 
to compensate for the different record and playback characteristics: 
treble boost is inserted when recording, and bass boost when playing 
back. It is also common to vary the characteristic- according to the 
speed. 
The pre-amplifier stage is particularly sensitive to hum fields and to 

mechanical vibration. To reduce the effects- of vibration, anti-micro-
phonic valve-holders are generally used for this stage. Hum appearing 
in the output of the pre-amplifier valve may be due to heater/grid coup-
ling, and it is common to guard against this by balancing the heater 
supply about earth potential, either by means of a centre-tapped 
heater winding or a potentiometer. 
The replay head is also very sensitive to hum fields, and is usually 

fitted with a screen made from a high-permeability magnetic alloy. 
Another way of reducing the level of hum output from the head is to 
connect a hum-buckin&çed feeea with_it. The coil is dusted 
until the hunijo-icked-up by *e head is exactly 
ep--hy the coil. To adjust the toil, carefully oqiientate it or minimum 
hum, measuring this by means of an output meter or oscilloscope at the 
output of the amplifier, while the motor is running. 
Microphony is generally due to a faulty valve in the first stage whose 

electrode rystem is no longer rigid. It may also be caused by the 
perishing or hardening of the rubber used in the anti-microphonic 
valve mounting; it is also not unusual to find the effect of a resilient 
mounting nullified by tight connecting leads. 
Hum may be due to normal H.T. smoothing faults, unbalanced 

heater supply to the first stage, a hum-bucking coil out of adjustment 
or a heater/cathode leakage in the pre-amplifier valve. 
In the case of distortion, first check that this is not due to faulty H.F. 

bias. Check the replay section of the amplifier by running a test tape 
through th( recorder. Check the record section of the amplifier by 
making a recording on the machine and playing it back on a known good 
machine. 

Recording Level Indicator 

Tape recorders usually incorporate either a neon bulb, magic-eye 
indicator or meter to show the recording level. Magic-eye tuning 
indicators are used in most recorders and often a pre-set control is 
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arranged so that the eye can be adjusted to just close on peaks. If the 
setting is in doubt, first find the correct recording level by trial and 
error. This can be done by recording a 1-kcis signal from an audio 
oscillator and increasing the setting of the recording anelitude control 
in steps until distortion is detected on replay (this can best be done by 
conneoting an oscilloscope across the loudspeaker and inspecting the 
waveform). Once the correct setting has been found, adjust the pre-
set control of the record-level indicator, while feeding in the same 1-kcjs 
signal, so that the " eye " just closes. 

The Tape Deck 

A typical tape deck lay-out is shown in Fig. 23. The main components 
are the heads, tape guides, capstan, pinch roller and pressure pads. 
Note in particular that the heads consist of coils wound on high-
permeability cores: on no account should the continuity of the windings 

(c) 

RECORD 350p ERASE 
A BIAS  

0008000  

FIG. 22.—TYPICAL BIAS OSCILLATOR CIRCUITS. 
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FIG. 23.—LAY-OUT OF TYPICAL TAPE DECK. 

be checked with a D.C. continuity meter, as the magnetic field induced 
by a D.C. will leave the head magnetized and may reduce the perme-
ability of the core material. The only safe way of checking the con-
tinuity of head windings is to measure the A.C. through the head, or to 
test the head on an A.C. bridge. 

Magnetized Heads 

The presence of residual magnetism in the record/playback head 
increases the level of background noise when recording: it will also 
introduce noie into an existing rc lug being playgd hark: 
WEen making a recording, the H.. bias fed to the ré-cord/playback 

head provides an effective demagnetizing field to the head. However, 
the level of H.F. biaa required to demagnetize fully the head is gréater 
than the optimum level req..iired for recording purporses. If, as may 
sometimes happen, the A.F. signal to the head exceeds the level which 
the H.F. bias can handle, the head will not be completely demagnetized. 
It is therefore advisible when servicing a recorder to demagnetize the 
head, particularly before carrying out any checks with a test tape or 
commercial recording. 
To demagnetize the head, the core must be fully saturated with an 

A.C. field, and the field then reduced slowly to zero. Suitable defluxers 
designed for this purpose are available. 

Head Wear 

The head face is slowly worn away by the abrasive oxide-coated 
surface of the tape. As this occurs, a point is reached where the head 
gap begins to widen, causing a falling off at the high-frequency end of 
the response. The build up of a film of dirt on the face of the head can 
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also cause a deterioration in top response, by preventing the tape from 
coining into intimate contact with the head. 

Great care should be taken in choosing a cleaning fluid to clean the 
head, as some sealing compounds 118(.1 in the head gap are attacked by 
tetrachloride or lighter fuel. In the absence of any manufacturer's 
recommendations, methylated spirits is perhaps the safest cleanirg 
agent. 

Head Alignment 

Top response can also be adversely affected by the record/playback 
head being out of alignment. Note that the effect is self-compensating 
between recording and playing back, and so will only be noticeable when 
a known good recording is played. The output of a 10-kcis signal 
recorded at 7.1t in./sec. drops by about 0.6 dB if the head is moved out 
of alignment by 2 minutes. The alignment is correct when the head 
gap is exactly at right angles to the traverse of the tape. Screw adjust-
ments are usually provided so that the head can be pivoted. Carry 
out the adjustment while running the high-frequency ( 10 kc/e) section 
of a test tape through the recorder. Connect an output meter across 
the loudspeaker, and tilt the head for a. maximum reading. Several 
peaks will be found as the head is adjusted: the correct setting is that 
which gives the largest peak reading. 

If a separate . scording head is fitted, this can be aligned by making 
a series of recordings (using a 10-kcis output from an audio oscillator) 
while adjusting the head-alignment screw in quarter-turn steps. After 
each recording, play back the tape and note the meter reading. Set the 
head in the position giving the maximum reading. 

Before adjusting a head which is badly out of alignment, check with 
the owner of the recorder whether he has made a library of recordings 
with the machine as it is: if he has, he may prefer to leave the heads out 
of alignment. 

Fault Finding 

Poor top response may be caused by the heads being dirty, worn or 
out of alignment. Noisy recording may be due to a magnetized head. 

Wow and Flutter 

Wow is caused by a low-frequency variation in the tape speed, usually 
in the region of 1-3 ca. It is generally associated with components 
which rotate at this speed, e.g. it may be caused by a bent capstan or 
pinch-roller spindle, or by irregularities in the surfaces of these com-
ponents. Flats may develop on the pinch roller or ont he driving surfaces 
between the capstan and the motor. A roller or wheel rubber which has 
developed a flat should be replaced. 
Wow may also be caused by excessive pressure between the pinch 

roller and capstan, and the pressure of the pinch roller shou'd be checked 
(use a spring balance). In the absence of any -figures for the correct 
pressure, thread the tape between the capstan and the pinch roller in 
the normal way, switch the recorder to playback, take the free end of 
the tape, and pull it through between the capstan and pinch roller at a 
constant rate while adjusting the pinch-roller pressure until it is just 
sufficient to prevent any slipping of the tape on the capstan. 
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Another possible cause of wow is a distorted spool. 
Flutter is due to a tape-speed variation from about 30 cis upwards. 

It can often be associated with those parts of the tape deck which 
rotate at higher speeds than that of the capstan, e.g., by a bent spindle 
in the capstan-drive motor. 
Another cause of flutter is insufficient tape tension or insufficient 

pressure on the pad which holds the tape against the face, of the record/ 
playback head. Both these faults allow the tape to flutter as it passes 
the heed, although the actual flutter may be too small to be discernible 
to the eye. 

Figures for the correct pressure on the record/playback and erase 
pressure pads may be stated by the manufacturers and can be checked 
with the aid of a spring balance. Whilst sufficient pressure must be 
applied to prevent the tape fluttering as it passes the heads, too much 
pressure will alpose an excessive drag on the tape transport and may 
increase the tension to a point where the tape will snap. Too much 
pressure will also cause rapid wear of the head. faces. 

Other forms of speed irregularities may be caused by dirt or oil on 
motor-drive belts or pulleys. All belts, driving surfaces and friction 
clutches should be kept clean and free from oil or grease. 

Pressure pads which have hardened should be replaced. 
A test tape is particularly helpful in detecting wow and flutter, 

particularly if it is loaded in an endless-tape cassette. 

Servicing Routine 

The following routine adjustments should be made whenever a 
recorder is serviced: 

1r (1) Thoroughly clean the deck, paying particular attention to the 
head faces and the surfaces of the capstan, pinch roller and tape 
guides. 
V (2) Demagnetize the record/playback head. 
▪ (3) Check the alignment of the record/playback head with the 

aid of a test tape. 
(4) Check the level of the H.F. bias to the record/playback head, 

and inspect the bias waveform for linearity on an oscilloscope. 
(5) Check the setting of the record-level indicator control. 

• (6) Check the hum level. If necessary, adjust the hum-bucking 
coil and heater-balancing potentiometer. 

Test Equipment 
The following test equipment is helpful for tape-recorder servicing: 

a multi-range meter; an audio oscillator; an oscilloscope; a spring 
balance (calibrated in grams and ounces) to provide a simple means of 
checking pressures; a test tape containing a range of fixed-frequency, 
constant-amplitude recordings (the tape can also be marked out in 
suitable lengths for checking the running speed of a recorder-18-75 ft. 
for a 1 minute run at 31 in./sec.); a defluxer; an endless tape cassette. 
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40. TELEVISION RECEIVER INSTALLATION 
AND SERVICING 

INSTALLATION 

A television receiver, if possible, should be placed in a position where 
light does not fail directly on the screen. A low-wattage light should 
be provided, a darkened room may cause eye strain and is unnecessary 
with modern sets. Place the mains lead and aerial feeder where they 
will not be easily damaged, and keep the aerial feeder as short as possible. 
The mains-supply socket must be rated at least at 2 amperes, and the 

receiver must be adjusted to suit the mains supply. The correct 
rating of the mains-supply fuses is also important. Note that A.C./D.C. 
receivers will operate from D.C. supplies only when the mains plug is 
inserted into the supply socket the right way round. 

Adjusting Controls 

The controls provided in a television receiver may be split into two 
main groups, those that are pre-set, including the time-base controls 
and mechanical picture adjustments, and the user controls, which may 
require slight adjustment before each programme to take into account 
variations in the electricity supply voltage and the effect of the internal 
temperature of the receiver. 

In fringe areas it is advisable to adjust the pre-set controls for average 
signal-strength conditions, as in these areas a certain amount of fading 
is to be expected, and unless some such allowance is made they will 
require constant attention. 

Time-base Controls 

The controls usually found are the line and frame hold, the line and 
frame linearity (sorpetimes called line and frame form), the width (some-
times called. line-amplitude) and height (sometimes called frame. 
amplitude) controls. In many receivers two frame-linearity controls 
are provided, one affecting the top of the picture only. 
The correct procedure is first to adjust the frame- and line-hold 

controls to give a steady raster--a picture that tends to break into 
vertical strips or to move up or down indicates that an adjustment of 
one of the hold controls is necessary. Next adjust the width and 
height controls so that the picture just fills the screen. Then adjust 
the linearity- controls to compensate for any irregularities, such as 
cramping, in the picture. Where two frame-linearity controls are 
provided, the one affecting the top of the picture only should be adjusted 
first, the overall control being adjusted last. It is sometimes desirable, 
in order to achieve good linearity, to adjust the height and width con-
trols so as to overscan the tube face when making adjustments to the 
linearity controls. 

40-2 
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Vision Inferterence and Sensitivity-Controls 

Two other pre-set controls usually found are the vision-interference 
limiter and the sensitivity control. 
The vision-interference control may take the form of a pre-set 

potentiometer or a plug and socket adjustable in a number of fixed 
steps. Most forms of limiter, when set to give maximum clipping, will 
cause some flattening of the highlights of the •picture. Vision-inter-
ference limiters should therefore be adjusted to the minimum clipping 
position consistent with satisfactory reception. 
The sensitivity control is fitted to vary the gain of the receiver so 

that it may be adjusted to suit the signal strength of the area in which 
it is installed. If the signal strength is too great; sound-on-vision and 
vision-on-sound interference may be caused, and the sensitivity control 
will in such conditions need to be turned to the minimum usable position. 

Miscellaneous Pre-set Controls 

Other pre-set controls commonly fitted are for picture, quality, line 
anti-striation and line drive adjustment. The picture-quality con-
trol usually takes the form of a compression trimmer or other arrange-
ment for increasing or decreasing the capacitance in the cathode 
circuit of the video output valve. This control should be adjusted to 
give a sharp picture, free from smear, a compromise in some locations 
having to be sought between Bands I and III transmissions. 

Line anti-striation or balancing trimmers are fitted on the deflection 
coila to balance the stray capacitances in the coils. The adjustment 
of this is normally carried out in the factory, and should only need 
readjustment if new deflection coils are fitted. The adjustment is for 
minimum waviness in the line scanning. 

Line drive controls usually consist of a trimmer controlling the drive 
to the line output valve, and should need no adjustment unless valves 
in the line time-base are changed. The usual method is to adjust the 
control so that the E.H.T. voltage is a given value, as specified by the 
manufacturers. If out of adjustment a faint white line will appear 
near the centre of the screen. Damage to the line output valve or 
transformer can be caused if this adjustment -is not correctly .carried 
out. 

Mechanical Picture Adjustments 
Around the neck of the picture tube are situated the deflection coils 

and also usually several magnets for such purposes as centring. and 
focusing the picture, and for reducing ion burn. 
The deflection coils are housed close up against the bulb of the picture 

tube, and may be rotated, after loosening the clamping screws, so as 
to level or square the picture. Correction magnets may also be found 
fitted against the bulb of the tube to correct for barrel and pin cushicn 
distortion, etc., and to remove corner shadowing. Note that a certain 
amount of pin-cushion distortion may be desirable on 90° and 110° 
picture tubes to improve the overall focus. Sideways adjustment 
affecta the distortion, up-and-down movement reduces shadowing. 
These are factory adjustments which should not normally require 
alteration. Behind the deflection coils are situated magnets controlling 
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the focusing ( if magnetic focusing is employed) and centring of the 
picture. These are adjustable by means of suitable levers or knobs. 
At the rear of the piefure-tube neck is frequently fitted an ion-trap 
magnet. 

Adjusting Ion-trap Magnets 

Ion-trap magnets are normally secured to the neck of the tube by 
means of a clamp, and to facilitate fitting there is usually an arrow 
stamped on the magnet, and a line along the neck of the tube. The 
magnet is normally fitted above the neck with the arrow pointing in 
the direction of the screen, but alternatively may be fitted with the 
magnet underneath and the arrow pointing away from the screen. 
To fit and adjust the ion-trap magnet, the following procedure should be 
followed, preferably when a stationary test pattern is available. 
With all power switched off, and reservoir capacitors discharged 

if necessary, the magnet is pushed over the base of the tube with the 
arrow pointing towards the screen, and placed immediately over the 
line marked on the tube neck.. The cathode-ray-tube socket is then 
replaced, the receiver reconnected to the mains supply, ensuring that 
the chassis is not above earth potential, and the brightness control set to 
a position where the raster is just visible. To achieve this, it may be 
necessary to adjust the position of the magnet slightly. 
• Then with the arrow over the line, the magnet is moved towards the 
screen until the focused raster is at its brightest. The brightness 
control is then re-adjusted until the peak-white portions of the image 
are at a correct level, anci, if necessary, the position of the magnet 
adjusted slightly to obtain maximum brilliance. 
Where the picture cannot be centred by adjusting the position of the 

focus field, the ion-trap magnet may have to be rotated slightly around 
the neck; this operation. however, should not lead to any decrease in 
brilliance. 
When the picture fulfils the above requirements, lock the magnet in 

position by tightening the thumbscrew, ensuring that the magnet does 
not change position while this is being done. 

Should it not be possible to obtain a position of maximum brilliance, 
it may be necessary to substitute another magnet. The magnet should 
never be adjusted to remove a shadow if this involves reducing the 
brightness of the picture; this should be done by adjusting the focus 
coil, deflection coils and/or correction magnets. 

Always handle an ion-trap magnet with care: it should not be sub-
jected to strong magnetic fields or mechanical shockP It should not be 
allowed to come into contact with metallic objects. 

Tuning Signals 

The B.B.C. and I.T.A. both radiate tuning signals for about five 
minutes before each transmission, to enable viewers to adjust their 
television receivers correctly in readiness for the start of the programmes. 
In addition, there is the Test Card " C ", shown in Fig. 1. A test card 
is transmitted by both B.B.C. and I.T.A. during the mornings to help 
service engineers. 
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Test Card " C " 

Test card " C " has been designed to give an immediate indication 
of the performance of the whole transmitting and receiving chain. As 
the performance of the transmitting equipment le maintained in accor-
dance with the agreed standards during the normal periods of radiation 
for test purposes, this Test Card" C " can serve as a check on propaga-
tion and the performance of the receiving apparatus. 
The card, wnich bears the identification letter " C ", incorporates 

a number of patterns, each designed to assess one particular character-
istic of the system,. thus: 

Fie. 1.—B.B.C. TEST CARD " C ". 

Aerrec,t Ratio.—Concentrie black and white circles surrounding the 
five frequency gratings will appear truly circular when the width and 
height of the picture are, adjusted to the standard aspect ratio of 4: 3. 

Re9oluti9n and Band-tvidth.—Within the circles there are two groups 
of frequency gratings, each consisting of five gratings having black and 
white stripes corresponding to fundamental frequencies of 1.0, 1.5, 2.0, 
2.5 and 3-0 Me/s. In the left-hand group the l-0-Mc/ s grating is at 
the top, the frequency increasing towards the bottom, and in the right-
hand group the order is reversed. The responsé of the whole system 
is required to be uniform to 2.7 Mc/s, so that the 2.5-Mc/s grating 
should be clearly reproduced, but the 3-Mc/s gratings may be blurred. 
The picture must just fill the viewing aperture during the test, with the 
black-and-white border visible: 

Contraat.—A five-step contrast wedge appears in the centre of the 
test card. The top square is white, corresponding to 100 per cent 
modulation, and the lowest square is black, corresponding to 30 per 
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cent modulation. The three intermediate squares should be reproduced 
as pale, middle and dark grey. 
Scanning Linearity.—The background of the test card is a middle 

grey, bearing a graticule of white lines. The areas enclosed between 
the lines should be reproduced in all parts of the picture as equal squares. 
Synchronization Separation.—The border consists of alternate black 

and white rectangles which facilitate recognizing interference between 
the picture signals and the synchronization. 
Low-frequency Reponse..—A black rectangle within a white rectangle 

is provided, and in a perfect system.it would be reproduced as a rectangle 
of uniform blackness on a clean white background. At present imper-
fections in the transmitting system result in a slight streaking at the 
right-hand slue of the black area, even with a perfect receiver, but by 
experience it is possible to judge whether the reproduction is abnormal. 

Rejlections.—Reflections, which may occur in propagation or in the 
receiving installation, are indicated by two single vertical bars, which 
should be reproduced without positive or negative images at their 
right-hand sides. The width of these bars represents a pulse of 0.25 
microseconds. 

Uniformity of Focus.—There are four diagonally disposed areas of 
black and white stripes corresponding to a fundamental frequency of 
about 1 Mc/s, and all four should be resolved uniformly throughout. 
The Teat Card " C " radiated by the I.T.A. stations is the same 

except for «the identification letters. " 

SERVICING EQUIPMENT 

Whilst radio-receiver servicing is often .carried out with a limited 
amount of test equipment, test gear of a fairly comprehensive nature 
is required for television work. 
A useful list, which is not exhaustive but serves as a general guide, is 

as follows: 

Absolutely Essential 

1. Signal generator. 
2. Universal meter, 20,000 ohms per volt. 
3. Pattern generator, giving a true B.B.C., I.T.A. pattern. 

Very Desirable 

4. Oscilloscope. 
5. Wobbulator. 
8. Insulation Tester. 
7. Component Test Bridge. 

• Well Worth While 

8. Valve Tester. 
9. E.H.T. Voltmeter. 

10. Signal-strength Meter. 
11. Valve Voltolunrneter. 
12. Crystal Calibrator. 

When investing in test gear, it must always be borne in mind that the 
criterion is that the equipment should earn its keep. On the other 
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hand, equipment unintelligently used will never pay. To be satis-
factory, the gear must be reliable and always give the same reading in 
similar circumstances. It must be reasonably easy to handle, so that 
it does not mislead. Nevertheless, unless test gear is handled and used 
wisely it can be a time waster. Hours can be spent on the niceties of 
alignment, which, although they may appear to have considerable 
influence on the measured responses, hardly alter picture quality one 
iota. 

Signal Generators 
At one time these could be divided into two classes, nu:ire aptly 

named test oscillators and standard signal generators. The . former 
consists of a tunable oscillator, which can be modulated, together with 
means of attenuating the radio-frequency output. The second clam 
has all these features, but also has a means of setting the output level 
to a known and repeatable value on all frequencies. The test-oscillator 
output varies, perhaps widely, with frequency, rendering comparative 
tests sometimes quite misleading. Years ago the difference in per-
formance was very great, but clever design has produced most efficient 
test oscillators with remarkably constant output which enables quite 
good relative checks to be made. 

It would be preferable if service stations used metered signal 
generators exclusively, but the modern cheaper variety is so good, in its 
best examples, that cost often overrides. It is, however, suggested 
that all service stations should have at least one standard metered 
generator to serve as a check against deterioration of performance. 
One essential feature of a signal source is good frequency stability 

and resetting accuracy. Unfortunately the requirements of television 
sets working on single side-band are very high, in fact higher than can 
be reasonably expected from the most expensive laboratory generator. 
No tunable oscillator of normal type can be expected to hold over a 
long period to as good as 0.1 per cent, including resetting accuracy, and 
few manufacturers guarantee better than 1 per cent. The variation 
of stability of the television set will absorb most of the tolerance. 
available, therefore the source stability should be much better so that 
the error from it is negligible. This means that it Bhould be certainly 
within 20-30 kc/s of nominal, which is round 0-03-0.04 per cent. 

Clearly if we demand such stability from our signal generators we 
shall either ctelude ourselves or be disappointed. 
The simplest way of overcoming this is to beat the carrier or toe signal 

generator with the station, so synchronizing them, and noting how much 
the generator deviates and how it drifts during working periods. A 
little experience soon shows how frequently this must be done, and how 
closely the required channel can be set up without feference to the 
station. This is not an ideal method, and sometimes it is not possible 
to use it. The ideal method is a crystal calibrated wavemeter or 
oscillator. 

Universal Meters 

The ubiquitous Avometer here comes to mind, although there are 
other good instruments available. For television work it is often 
essential to have a high-resistance meter of 20,000 ohms/volt, such as 
the Ayo Model 8. However, some manufacturers' service data still 
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calle for a 1,000-ohms/volt meter such as the Ayo Model 7, so that it is 
normally necessary to have both types ut hand. 
In choosing an instrument it is very important to be sure that good 

overload protection is incorporated. The extra cost is saved in every 
shop sooner or later. 

Pattern Generators 
A television pattern generator should be used not only when the 

actual transmissions are not on the air, but at all times. The real 
picture content is continually varying, and sometinies is of variable 
quality. It is also subject to interference. A constant pattern is far 
more satisfactory for servicing, and is not misleading. The statement 
that of course the final criterion is what the actual transmission looks 
like, is not as all embracing as might appear. 

This assumes that the pattern generator and the actual transmission 
have equal effect on the receiver as to synchronizing, etc. Now the 
picture waveform is extremely complex, and this complexity is necessary. 
A television pattern generator must therefore give a fully sychronized 
interlaced pattern having all the characteristics of the real trans-
mission. A receiver adjust 1 on such a pattern generator will then 
immediately give a current pictufe on the station, provided that the 
correct radio-frequency level is used. This applies to all phases of 
servicing adjustments—linearity, aspect ratio, interlace, hum level, 
sound on vision, etc. All can be checked with a good pattern generator 
with certainty that all will be well when the station comes on. 
But if the pattern generator does not give exactly the correct wave-

form; if it does not incorporate interlace, or have line and frame 
frequencies derived from a single -Ilator, or half-line pulses, or the 
front and back porches, or any encl. oature, many of the most valuable 
features may, in practice, be lost. The reason for this drastic state-
ment is that such an instrument gives misleading results, which must 
be avoided at all costs. On such a pattern generator any adjustment 
made cannot be guaranteed correct for the actual.transmissión—it may 
look right on the pattern generator and be wrong on transmission, 

matostemilleinitatet 

as1111111111iiiî 

Fie. 2.—TELEQUIPMENT WG142 PATTERN. 
This photograph shows . non-linearity and ringing. The 

number of vertical lines Is adjustable from about 5 to 20. 
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FIG. 3.—MURPHY TPG.11 
PATTERN. 

(a) 20,250-c/s master oscillator 
central vertical bar and line blanking 
pulse. 

(d) 300-kc/s vertical grey bars. 
(e) 250-c/s horizontal black bars 

and frame frequency blanking pulse. 
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or vice versa. Some rezeivers will in fact only function properly when 

fed with an interlaced pattern. 
It may be mentioned at this juncture that the optimum pattern 

generator for use on sets with flywheel synchronization is not the 
optimum for sets without this facility. In order to cope with both cases 
a compromise has to be adopted, which leaves so little to be desired that 
most would be unaware of the deficiency. 

Oscilloscopes 
There is much difference of opinion over oscilloscopes, some finding 

them of inestimable value, and others not. Probably the reason for 
this lies partly in the handling, and in knowing how to interpret the 
results. If the 'scope amplifiers have a reesonably high gain, and the 
input of the 'scope is connected to a high-impedance circuit, the result-
ing trace may ho modified or completely upset by spurious pick-up, 
mains hum, etc. The attachment of the "scope input may also disturb 
the operation of the circuit under test. Only experience can show how 
to overcome these difficulties in different cases. In the writer's opinion 
the greatest value of a 'scope is in conjunction with a wobbulator. 
Some points to look for in choosing a 'scope are: good sensitivity 

variable over a wide range, wide frequency range and a good linear 
time-base. For many purposes a good high-frequency response is 

+3db 

NORMAL 
SIGNAL 

-3db 
-6db 

-20eb 
NO SIGNAL 

FIG. 4.—TYPICAL GRATICULE 
LAYOUT. 

3 E 
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unnecessary, but it is invaluable when checking a pattern generator, or 
when looking for spurious high-frequency oscillations on low-frequency 
circuits. 

Wobbalators 

A wobbulator, or frequency modulated oscillator, together with an 
oscilloscope, is undoubtedly far the best apparatus for lining up tele-
vision sets to the correct band-width accurately and quickly. As 
usual, however, there are snags. The apparatus must be right, it must 
be connected appropriately and must be used correctly. Matters have 
not been helped in that makers' instruction books have not emphasized 
the pitfalls sufficiently. 
In the first place, optimum alignment should be made au working 

sensitivity of the receiver, or at a lower input signal. As most reason-
ably priced wobbulators are not fitted with accurate attenuators, this 
sometimes leads to trouble. Secondly, the oscilloscope must be con-
nected in such. a way as not to affect the operation of the receiver.. 
Practically, the output is normally taken from grid or cathode of the 
cathode-ray tube. If a clip is fitted to a resistor of 50,000 ohms up-
wards, which is connected in series with the conductor of a screened 
cable, with a further clip from .the screening for earthing, this can be 
connected to the 'scope and will not usually upset the receiver at all. 
If it does, slight readjustment of leads or resistance should remove the 
trouble. Next factor' of importance is the sweep frequency. This 
Must be low; 161 c/a (4 mains frequency) is good, 25 cis should be the 
maximum. This is on the limit of a small oscilloscope (and some larger 
ones), which distorts the waveform if the frequency is too low for it. It 
is also good to connect a capacitor of about 0-01 ki,F across the input to 
the 'scope amplifier. 
The method of operation of -a wol:ibulator differs somewhat with 

different sets. Usually if the set is not far from alignment, injection 
into the aerial or at intermediate frequency, and alignment in order 
working frem the circuits nearest the second-detector through finally 
to the aerial, is the drill. Sometimes it is necessary to inject into each 

OSCILLOSCOPE •". OBBULATOR 

X E -1 Y X E 

SCREENED 
LEAD 

R F. LEAD 

T 
RECEIVER 

AE. SOCKET 

SO-100K RESISTOR 
›,CLIPS TO 

E ,e-CRI ON 
RECEIVER 

FIG. 5.--W OBBULATOR CONNECTIONS. 

N.B.—Series earth capacitors to be fitted where necessary. 
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grid in turn, dealing only with the immediately aubsequent circuits in 
turn, arriving finally at the aerial end. Each type of receiver has its 
own idiosyncrasies, and experience is the only way to find the optimum 
method in any particular case. It is a good thing to make a gratioule 
showing the calibration of the instrument in frequency in the horizontal 
(X) direction and calibrated in db in the vertical (Y) direction, say at 
3 db up, 3 db, 6 db and 20 db down on the normal deflection (3 db down 
is. 70 per cent, 6 db down is 50 per cent, 20 db down is 20 per cent of 
normal, but 3 db up is 140 per cent). Here is a wonderful opportunity 
for time-wasting trying to get a perfect curve. It must be remem-
bered that getting the carrier at the 3-db or 6-db point 18 important on a 
single-side-band set, but that dips or rises of 2 or 3 db over the band will 
hardly affect the picture. As long as the carrier is right and the band-
width adequate, small irregularities are of no consequence. 

Another important thing is the frequency setting of the wobbulator. 
If a signal from the generator is iniected into the wobbulator (if pro-
vided with a suitable terminal) or through a T pad with the wobbulator, 
• a kink will be seen on the trace at the frequency corresponding to the 
generator frequency. The 0.01-µF capacitor across the scope will 
prevent the high-frequency beats from widening the trace, and enable an 
accurate adjustment to be made. Care must be taken that the signal-
generator signal is not too strong, or it may modify the trace from the 
receiver, and so mislead. A better method is to feed from the T pad 
into a crystal rectifier with a load of say 10,000 ohms in series. The 
'scope (with 0-01-pF condenser) is then connected across this 10,000-
ohm resistor. The marker can then be used to check the linearity of 
sweep and calibrate a graticule. 
A wobbulator correctly used often shortens alignment time to 

between one-tenth and one-fifth of the time takeri by ordinary methods, 
including dampers, etc. The technique of using it is, however, of vital 
importance. 

Insulation Testers • 

A large proportion' of faulty components in television receivers have 
faulty insulation, and the writer believes that much inferior performance 
can be attributed to leaky condensers in particular. In the writer's 
laboratory all such components are tested on 500 volts D.C., with quite 
startling results. For such tests an instrument giving a maximum 
reading of 200 MO is the &ninimum requirement, but high accuracy is 
not needea. The Wee Megger Tester needs no introduction, and particu-
larly when extreme portability is required, such types with hand-driven 

PRESS 
SWITCH 

10K11. W.W. 

FIG. 13.—SIMPL4 INSULATION TESTER. 

Calibration of meter: 
Current (mil) . 50 45 40-9 821 281 23-6 18.8 15.5 7.6 41 21 cf 
Resistance ( MCI) 0 1 2 5 7 10 15 20 50 100 200 co 
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D.C. generators have no rivals. A very convenient mains-operated 
device is the Taylor Model 130A, which derives the 500-volt supply 
from the mains. It is also possible to make a very simple instrument 
using eight 67f -volt deaf-aid-type batteries, a few resistors and a 50-µA 
meter. The battery drain never exceeds about 50 gA, and the life is 
extremely long; some have been in use for seven years before running 
down. 

Component Test Bridges 
Many faults arise due to components, mainly capacitors and 

resistors, •-hanging in value. These are best checked on a bridge. The 
requirements are that the full probable range of values of capacitance 
and resistance can be measured reasonably accurately, say to within 
6 per cent at worst. Even this is a fairly stringent requirement. It is 
sometimes an advantage to have the facility to measure inductance as 
wèll, but for a number of reasons this facility is not as useful as it would 
appear. 

Valve Testers 

A valve tester can be a great help, but it must be borne in mind that 
it is no reflection on the instrumerit that it will undoubtedly. fail to 
reveal some valve faults. If it were not for this, a valve tester would 
rate higher in the priority list. The writer personally prefers a valve 
characteristic meter, such as the Ayo, which enables values to be 
measured on a meter which is perhaps an understandable bias! 

E.H.T. Voltmeters 
The measurement of E.H.T. voltages is a very difficult problem. 

Very little current is available for a meter, and leakage due to humidity 
is a particular snag. Two methods, which can be satisfactory, are to 
use an electrostatic meter, or a very low current (20-25 µA) meter with 
high series resistance. Both methods are unfortunately costly. Some 
results can be obtained by connecting, say, -three 5-kVA electrostatic 
meters in series, and summing the readings, but great circumspection is 
required. 

Signal-strength Meters 
Such a device as a signal-strength meter is valuable in two main 

connections. Firstly, in assessing strength of signal at new locations, 
and secondly, in testing existing aerial installations. It is important 
to make such measurements not on picture content, but on peak white 
or synchronizing levels. 

Valve Volt-ohmmeters 
Such instruments do approximately all that a Universa' st Meter 

will do, and much besides. Unfortunately they are fairly delicate and a 
shade tricky to handle. If such difficulties are appreciated, and care 
used in getting results, they are most useful adjuncts to any test shop. 
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The uses are legion, but good engineering skill or supervision-is needed. 
The lack of these and a failure to appreciate the limitations of technique 
have given this type of instrument a bad name not altogether deserved. 

Conclusion 

Instruments are not the only items of importance in a repair shop. 
The obvious ones of good bench space and so on need no stressing. But 
a point overlooked too often is that television sets are lethal. Every 
test position must be equipped in accordance with the Factory Acts and 
regulations. 
An essential is a properly screened double-wound transformer of 

1: 1 ratio. The screen should' be well earthed. An earth bar may be 
fitted at the back of the bench, but it must only be connected to earth 
through a series eaj tcitor of high test voltage and not more than 
0.02 uF capacitapoe. Where earth terminals of instruments would be 
connected effectively direct to the mains via a live chassis, isolating 
condensers of similar type are essential. 
The whole load of the bench or test position, for one engineer only, 

should come from one transformer secondary, connected to a multi-
plicity pf sockets of all likely types and sizes. Two engineers should 
never share a transformer—they could get two chassis not very far 
apart connected to opposite sides of the A.C. supply. This is a very 
real problem, which has to be solved in the light• of the particular 
circumstances in the shop. 

ALIGNMENT 

A circuit diagram of thé R.F. and I.F. stages of a representative 
modern television receiver, fitted with a turret tuner, is shown in 
Fig. 7 (a). The operation of the circuit is, briefly, as follows: IFT V3 
is an overeoupled transformer providing a simple double humped curve 
as shown in Fig. 7 (b). Almost the entire overall curve shape is deter-
mined by the network between V3 anode and V4 grid. This consists of 
IFT VI (L11), L20 and IFT V2 (L12). LI1 and L12 are a bandpass pair, 
bottom coupled by L20, which is bridged by C24, C25 and. R20. This 
is known as a" bridge T " coupling, where L20, C24 and 25 are resonated 
at the sound frequency to produce a high degree of rejection by reducing 
the coupling between L11 and L12. R20 is a balancing resistor which 
is chosen during design for optimum rejection with the ninimum effect 
upon the vision response curve. The overall curve from V3 grid is 
shown in Fig. 7 (e) and the sharpness of rejection is apparent. It is 
also seen that the overall shape is rounded. This shape is used to 
overcome picture distortions such as rings and overshoots which arise 
with flat-topped curves. 
The connection between L11 and the" bridge T " filter passes through 

the primary of IFT SI. There is a considerable amount of sound-
frequency energy available at the input of the filter, due to its resonance, 
and in this way it may be passed to the sound amplifier VII. The 
output of VII is coupled to the sound detector via IFT S2, and the 
overall sound curve from V3 grid is shown in Fig. 7 (d). 
The circuit coupling the mixer in the tuner is a broad one, since it 

has to transfer both vision and sound. Also, the tuner being a separate 
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Further information on the formation of response curves in I.F. 
stages is given in Section 15. 

The Turret Tuner 
In the tuner (see Fig. 7 (a)), L4, L5 form a •bandpass at signal fre-

quency between VIA anode and mixer (V2B) grid. The response is 
again broad to transfer vision and sound without affeeting the overall 
I.F. curve. 
L6 is the oscillator coil appropriate to each channel, the oscillator 

voltage being fed into L5 by mutual coupling between the coils. L6 
has a screw core adjustment. 

Li, L2 is the aerial circuit, a coupled transformer, forming with the 
response of L4, L5 an overall fiat curve for the tuner. The overall 
curve for the set is shown in Fig. 7 (f). 

It is essential for the aerial circuit to be tuned correctly to the Centre 
of the band for maximum gain and lowest noise on the picture (especially 
where signals are weak). LI, L6 are the only adjustments normally 
available in a turret tuner. The coils are built on to remavabla plastic 
" biscuits ", and the inner coils L4, L5 are set up and sealed in manu-
. facture. 

All other adjustments in the tuner are for manufacturing set up only, 
and should not be used unless a complete realignment is being attempted. 

The Switch Tuner 
A switch-type tuner can equally well be used, and the circuit of one 

is shown in Fig. 8. Here, instead of having the aerial and oscillator 
circuits of each channel to tune when set to a given channel, all the 
oscillator circuits are available through the front. 
The aerial, R.F. anode and mixer-grid circuits have screw adjustments 

only for Band III as a whole and Band 1 as a whole. 
Because all the circuits are in series, alignment of any circuit must be 

done by working. down from Channel 13, one channel at a time. If. 
however, only one channel is in use in each band, it is permissible to 
use the adjustments appropriate to the whole bands only, i.e., 

Band Aerial I R.F. anode Mixer grid Oscillator 

Band III 
Band I . 

L9 LI1 L27 
L7 LI3 L22 

L37 
L35 

Normally only the oscillator circuit should be. considered and the 
adjustment for the appropriate channel tried first. 
The aerial circuit can well be trimmed after valve changing. The 

makers' instructions alone should be followed when attempting com-
plete realignment. 

Intermediate Frequencies 

The first superheterodyne receivers used intermediate frequencies 
near 10-5 Mcfs for vision and 14-0 Mcis for sound. Interference prob-
lems proved serious, and a movement was made to 16.0 Mcis vision 
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and 19.5 Mc/s for sound. Difficulties also arose with these frequencies 
for sets tuning to Band III in that the " image was too close for good 
rejection and oscillator radiation was often high. • Finally, B.R.E.M.A. 
set a standard of 34.65 Mcis for vision and 38.15 Mcis for sound. 

It is essential that I.F. amplifiers are aligned accurately to the 
frequencies specified, otherwise interference problems and difficulty 
in aligning the tuner may result. 

A.G.C. 
Automatic Gain Control circuits are usually found in both sound and 

vision channels. The sound A.G.C. is often simple and consists of a 
connection via a smoothing circuit between the detector output and 
I.F. valve(s) grid returns. The vision A.G.C. may be more complicated 
and the R.F: stage may have the A.G.C. voltage delayed. Makers' 
instructions should always be followed when aligning sets with A.G.C. 
When in doubt, apply —2 volts approximately to vision A.G.C., short-
circuit sound A.G.C. and R.F. stage' A.G.C. only when delayed. 

Equipment Required for Signal Generator Alignment 

The following list is based on the equipment required when aligning 
the circuits of Fig. 7 (a). 

(I) An accurately calibrated signal gererator giving C.W. and 
modulated output with an output impedance of 73 ohms, and having 
a range of 30-40 Mc/s for I.F. alignment, 40-75 Mcis for Band I and 
170-200 Mc/s for Band III R.F. alignment. The co-axial output lead 
should be terminated with a 82-ohm resistor (for I.F. alignment only) 
and the connection leads from the terminated co-axial lead rnuat be 
kept as short as possible. 

(2) A vision output meter. This may be a 20,000-ohms/volt meter 
switched to the 10 volt D.C. range (meter resistance not less than 50,000 
ohms), e.g., an Ayo Model 8 (not an Ayo Model 7) in series with a 
5.6k resistor on the hot side. Connect across R30. Alternatively, a 
1,000-ohms/Volt meter switched to the 1-mA D.C. rang, (meter resistance 
not more than 500 ohms), Ayo Model 7 (not Ayo idodel 8), may be 
used. Connect one lead to e.g., the other in series with the 
earthy end of R30, by-passing the leads with a 1,000-pF condenser. 

(3) For use as an I.F. transformer shunt, a 1-watt, lk resistor in 
series with a 1,000-pF miniature ceramic condenser, with short leads, 
are required. 

(4) A sound-ohtput meter. This may be a 3-ohm sound.:output 
meter or an A.C. meter switched to the I-volt or 50-volt A.C. range. 

33011. 

FIG. 9. --D AMPING D EVICE. 

SLEIVING 
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A 3-ohm sound-output meter should be connected across the sound-
output transformer secondary in place of the loudspeaker. If an A.C. 
meter is used switched to the .1-volt A.C. range, it should be connected 
across the sound-output transformer secondary: if the A.C. meter is 
switched to the 50-volt A.C. range, it should be connected across the 
shunt-output transformer primary. In either case the loudspeaker 
should be left connected or a 3-ohm load connected in its place. 

Procedure for Signal Generator X.F. Armament 

The following procedure relates to the circuits shown in Fig. 7 (a). 
It is good practice, whenever alignment of any stage is required, to 

carry out complete re-alignment of the receiver. 
Connect the signal generator output to the tuner test point for all 

adjustments, and switch the tuner to a Band III channel for which 
coils are fitted (but not a channel which the set receives). Turn the 
contrast 'control to minimum and the volume control to maximum. 

During vision I.F. alignment, adjust the input level of the un-
modulated I.F. input so as to maintain 2 volts D.C: across, or 400 µA 
through, R30. 
For sound I.F. alignment, use a 30 per cent modulated signal, and 

adjust the input level to maintain an output of 50 inW or 0.5 V r.m.s. 
across thé sound output transformer secondary, or 25 V r.m.s. across 
the sound-output transformer primary. 

Carry out the adjustments in.the order given in Table 1 

TABLE 1.—I.F. ALIGNMENT OF BAND IIIII RECEIVER 

Step ; 

1 

3 
4 
o 
6 

7 

8 

9 

10 

11 
12 
13 

14 

Inject 
(Mc-/a) 

Mod./ 
C.W. 

38.15 C.W. 
38.15 Mod. 
38.1 a 1.d. , L23 Max. sound 
38.15 Mod. , — I L22 , Max. sound 

Unscrew L10 core flush with base of former. 
Set LA core down 11, in. from top of former (this is 

approx. working position). • 
35.5'5 C.W. V4 pin 7 I L14 Max. vision 

(Anode) 
35.75 C.W. V5A pin 7 L13 I Max. vision 

(Anode) 
36.75 C.W. V3 pin 7 L12 Max. vision 

(Anode) 
36-75 C.W. V4 pin 2 L11 Max. vision 

(Grid) 
Repeat operations No. 7, 8, 9, 10.• 

35 C.W. — L10 Max. vision 
36.75 C.W. V3 pin 2 L7 Max. vision 

(Grid) 
33.15 C.W. — L9 Min. vision 

Shunt Adjust Response 

I L20 Min. vision 
I L24 Max. sound 



40-20 RADIO AND TELEVISION REFERENCE BOOK 

The correct tuning position for all cores except those specified in the 
following paragraph is the peak nearest the adjustment end. 
The correct tuning position for the cores of IFT SI (L22), IFT V2 

(L12) and IFT VI (L11) is the peak nearest the top (above chassis). 
Note that L9 will not tune unless L10 has been correctly adjusted, 

and that the first operation must always be the sound rejector (L20). 
The signal-generator frequency setting should not be disturbed when 

carrying out steps 1, 2, 3 and 4 in Table 1, and the shunt should always 
be connected between the nearest point on the chassis and the Doint 
specified in Table 1, using the shortest possible leads. 
When the I.F. alignment procedure has been completed, the overall 

sound and vision response curves should be checked against those 
shown in Fig. 7. 

Sweep Generator I.F. Alignment 
The following sweep-generator alignment procedure is for the circuits 

shown in Fig. 7 (a). The tuner should be switched to an unused Band 
III channel for which coils are fitted, and the contrast and volume 
controls turned to minimum. Connect a 1.5-V bias battery (negative 
lead) to the A.G.C. line at C27. The co-axial output lead from the 
sweep generator should be terminated with, an 82-ohm resistor (for I.F. 
alignment only) and the connection leads from the terminated co-axial 
lead must be kept as short as possible. For vision alignment, connect 
the sweep generator " Y input" to the junction of L15/1.16. For 
sound alignment,, connect the sweep generator " Y input" to the 
junction of R85, R83 and C70. No I.F. transformer shunts are used. 
The stages should be aligned in the following order: IFT Si and 82 

(to response curve shown in Fig. 7 (d)); IFT V3 (to response curve 
shown in Fig. 7 (b)) ; IFT V1, V2 and sound rejector (to response curve 
shown in Fig. 7 (c)). Then check that the.overall vision and sound I.F. 
response curves are as shown in Figs. 7 (e) and 7 (g) respectively. 
Cor-iect the wobbulator as indicated in the figures, adjusting its output 
to maintain the cathode-ray tube trace amplitude quoted on each curve. 

Turret Tuner Adjustments 
As has previously been pointed out, the only adjustments for the 

service engineer are the oscillator cores and aerial input transformer. 
The usual adjustment in each case is for maximum sound, with signal 
input at appropriate channel frequency, to the aerial socket, and fine 
tuner at mid-travel. Further alignment requires special test equipment 
not generally available to the service man. 

Miscellaneous Information 
A signal-generator termination device is shown in Fig. 10 (a). It is 

intended for use with a signal generator having an output impedance 
of the order of 75 ohms, and shbuld be connected in circuit when 
injlcting a signal directly to the grids of the valves. It is not required 
when injecting signals at the aerial socket. 
The damping device shown in Fig. 9 is for damping the. primary of 

I.F. transformers whilst the secondary is being tuned, and vice versa. 
The crocodile clips must make good electrical connection. 



« TELEVISION INSTALLATION AND SERVICING 40-21 
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For convenience, both tliese units may be made up ready for use. 
A sweep generator and oscilloscope may be used to examine the 

response of tuned circuits individually in case of need. To do this, 
connect a detector made up compactly to the circuit of Fig. 10 (b) to the 
anode of the valve following the circuit under ,test, and connect the 
wobbulator to the preceding grid. 

70 OSCILLOSCOF 

SAFETY PRECAUTIONS 

In normal circumstances the risk of shock is no more pronounced with 
television receivers having mains-connected chassis than with broad-
cast receivers using similar power arrangements. However, it should 
be noted t',at, in the case of a television receiver, certain routinr• adjust. 
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ments, such as centring the picture, permanent-magnet focusiog and the 
like, can be carried out only with the protective back removed from the 
cabinet. While it is possible to check that the chassis is not above earth 
potential by means of a neon bulb or A.C. voltmeter, reversing th,‘ mains 
plug in its socket where this is found necessary, a safer meth(1 in the 
busy servicing department is always to feed the receiver ;rom an 
isolating transformer having a low-leakage inductance. 
The service engineer should ensure that during servicing no altera-

tions are made to a receiver that might invalidate the manufacturer's 
safety precautions, and should bring to the notice of the owner any 
deficiencies in receivers .svIiich do not fully c, rnply with mobrri practice. 

E.H.T. Voltages 

Where receivers incorporate E.H.T. nic ins-transformer windings, 
extreme care should be exercised when servicing, as a shock from such a 
power source may be lethal. Whilst other forms of E.H.T., such as 
line-flyback, radio-frequency or pulse oscillators, are leas dangerous, 
serious burns and shocks are still possible, and due respect should be 
paid to all points at E.H.T. • 

General Precautions 

(1) Never attempt to measure the voltage at the anode of a line-
output valve directly, as the E.H.T. pulses will damage the meter. 

(2) Before removing the picture tube make sure that the E.H.T. 
capacitor is discharged: remember that an A quadag coating may hold 
its charge for long periods. 

(3) Removal of a scanning- coil connection plug whilst the receiver 
is operating may cause picture-tube screen burn. 

Projection E.H.T. Dangers 

The 25-kV, electron beam of projection models produces soft X-rays, 
which are normally shielded from the operator by the optical box. 
Should it be necessary to operate the cathode-ray tube outside of the 
optical box, it is recommended that a lead-glass shield be used. The 
equivalent lead thickness of the shield should not be less than 0.5 mm. 

Handling Cathode-ray Tubes 

It is important that care ehould alwa7s be taken when handling 
cathode-ray tubes, in order to avoid the risk of implosion, the accidental 
dropping of the tube, or damage to the face of the tube. 

Information on the simple precautions which should be taken when 
removing or replacing picture tubes is given in the Section on Cathode-
ray Tubes. 

B.S.I. Safety Recommendations 

In order to protect the public from the dangers of mains-connected. 
chassis, a number of recommendations have been drawn up by the 
British Standards Institution( B.S. No. 415). The most importants ect ions 
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of the B.S.I. are in regard to the measures to be adopted to prevent the 
user from having access to " live " parts of the apparatus. Whether 
or not any particular part is " accessible " is to be determined by con-
sideration of a " standard hinged finger" consisting of a metal probe 
about the size and shape of the little finger of a human hand. 

Pointe which are listed as normally requiring protection in receivers 
using A.C./D.C. technique include: 

(a) The Chassis. The ventilation holes in the back-plate should 
be small enough to prevent access, and the back-plate itself should 
be removable only by means of a tool such as a screwdriver. 

(b) Control Spindles. These should be either of insulating 
material or isolated from the chassis. Live spindles are considered 
to be acceptable only if the fixing holes for grub screws are sub-
sequently filled with insulating material. 

(c) Fixing Screws. All screws securing such parts as the chassis, 
loudspeaker, etc., to be isolated from the chassis. _ It is good 
practice to earth other large metal parts, including metal ornaments 
on the cabinet. 

(d) Chassis Outlets. All outlets from the chassis, such as aerial 
and earth terminals, to be isolated from the chassis. 

It is also recommended that apparatus should be tested for insulation 
by the application of a test voltage between the live parts and the 
safety earth provided. 

FAULT FINDING 

In attempting to diagnose faults in a television receiver much can be 
learnt from observing the operation of the cathode-ray tube. Obvious 
symptoms will be either a completely blank screen or a condition of un-
controllable full brilliance. Other conditions of the picture or raster on 
the screen will indicate faults occurring in the various sections of the 
complete receiver. It is in the recognition of thee indications that th, 
service engineer can diagnose and cure a fault in the minimum of time. 
B-fore commencing the diagnosis of faults, it is as well to make a few 

preliminary checks. Ensure that the mains supply is present at the 
on/off switch and that the switch is operative. Fuses should be in-
spected, and if found open-circuited the receiver should be examined 
for obvious signs of H.T. short-circuits and burn-outs. A preliminary 
check with the multi-range meter can be made for breakdown of major 
components, e.g., smoothing and reservoir capacitors. 
To summarize, a careful check should be made to ensure that upon 

switching on the receiver no further damage will be caused. 

.Faults in Radio-frequency Stage 

Faults other than that of valve failure in the radio-frequency stage 
are not frequently met. On turning the contrast on full, the remainder 
of the set will prbduce fluctuation noise, which will be apparent both 
from the loudspeaker and the tube raster. The time-bases will be 
running freely, and the lower-pitch whistle from the line-output trans-
former will indicate the lack of synchronizing pulses from the carrier. 
Quick verification of the faulty stage can be obtained by connecting the 
aerial to the input grid of the frequency changer. 
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In areas of weak signal strength the aerial should first of all be 
checked for a possible short-circuit• or open-circuit in the co-axial 
connection to the grid tuning coil. If the fault is at the dipole connec-
tion, and the centre conductor has become disconnected, some indica-
tion of signal can be obtained by making a temporary contact between 
the braiding and the centre connector of the co-axial input socket on the 
receiver. If the aerial is in order, the grid circuit of the first stage 
should be examined for a possible dry joint or open-circuit. If the 
correct D.C. potentials are on the anode and screen of the valve, the 
cathode return circuit should be checked for an open-circuit. 

Component Deterioration 

Quarter-watt resistors, when of more than 1,000 ohms in value, 
and included in the anode circuit of a high-frequency stage for the pur-
pose of de-coupling, can cause trouble by overheating and increasing 
in value. As a rule it is advisable to replace any such components by 
equivalents of half-watt rating. During the course of examination of 
the vision strip it is sometimes very helpful to tap all components 
lightly with an insulated probe. A rnicrophonic valve or a capacitor 
with an intermittent fault can often be located by this method. 

Ordinary radio sets are usually quite tolerant of radio-frequency de-
coupling capacitors that, during the course of years, have developed 
leaks and are in effect resistors.. In the case of television receivers, 
however, the standard of circuit efficiency is far more exacting, par-
ticularly when the most has to be made of a weak signal. When a 
receiver of the T.R.F. type has been in operation for a number of years, 
and routine checking of valve emission and circuit voltages fails to 
reveal the cause of low modulation on the cathode-ray tube, it is worth 
while testing for " leaky " components in the signal-frequency stages of 
the circuit. 

B.F. and IF. Instability and Loss of Signal 

Cases of R.F. or I.F. instability, usually apparent through uncon-
trollable peak white modulation on the tube, can be traced quickly by 
connecting the grids of the amplifier stages systematically to the chassis. 
starting at the point of the lowest signal. As a rule, the T.R.F. type of 
receiver is more inclined to develop this kind of trouble than the super: 
het. A faulty valve-holder quite often proves to be the cause of 
R.F. or I.F. instability. If all valve connections prove to be in order, 
then the possibility of feedback through the wiring of the set should be 
examined. The position of the aerial feeder relative to the final amplifier 
stage should be considered, as feedback is most likely to occur between 
points of high and low signal amplitudes. 
Apart fr- m'incorrect alignment, loss of vision signal can sometimes be 

due to the incorrect adjustment of rejector circuits. This condition is 
usually indicated by vision-on-sound interference in the loudspeaker. 
The cure is best effected by re-aligning the receiver throughout. In the 
case of the superhet, lack of signal in both vision and sound sections can 
be due to failure of oscillation in the frequency changer. This is 
commonly due to either loss of emission or a low voltage on the anode 
of the oscillator valve. Check also for open-circuit by-pass capacitors 
in the I.F. amplifier stages. Loss of sensitivity may be caused by faults 
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in A.G.C. circuits: note that gated A.G.C. systems depend for their 
operation on a pulse derived from the time-bases, so that a time-base 
fault can in such cases affect the sensitivity of the receiver. 

Both loss of signal and instability may be caused by faulty decoupling 
capacitors in an R.F. or I.F. stage. Decoupling capacitors should 
alway be replaced with a direct equivalent and soldered into the owns 
position as the one being replaced. Note that much of the wiring in 
I.F. and R.F. stages is critically placed. 

Faults in Video-amplifier Stage 

If the television receiver is considered in two sections, from the aerial 
to the detector, and from that point to the cathode-ray tube, it is in the 
second section that the majority of faults are found to occur. The 
video detector itself can cause a fault which may at first sight be wrongly 
attributed to a weak signal from the vision strip, or alternatively to a 
low of drive from the video amplifier. If the detector is of the 
thermionic type, failure in emission will result in a weak picture, loss of 
synchronization in the line arid frame time-bases—in short, a number of 
puzzling " red herrings" confront the fault tracer. It is well to 
remember that crystal diode detectors are also liable to breakdown. 
The video-amplifier handles the rectified signal, and should - be 

capable of useful gain over a frequency range extending to 3 Mc /s. 
The quality of the television picture depends on the efficiency of the 
video stage, and on the correct degree of frequency compensation 
which is applied to this cirCuit. In some video stages the value of the 
anode load is kept as low as possible. If quarter- or half-watt resistors 
are used in this part of the circuit, and there is evidence of over-boating, 
it is advisable to replace the resistors by 1- or 2-watt equivalents. Valve 
efficiency is rather critical in the video stage, and any falling 9ff in 
emission will often cause an unsatisfactory picture, with poor 
synchronization if the signal strength is low. 

Faults in Cathode-ray-tube Circuit 

For reasons of economy and efficient circuit design, cathode-ray tubes 
ttro cathode driven, and are usually directly coupled to the anode of the 
video amplifier. This connection is sometimes made through a resistor 
of about 100,000 ohms, by-passed at video frequencies by a suitable 
capacitor of small size. If the capacitor is open-circuit, the picture 
will be very; smeary and lacking in contrast. 
In the case of vision-interference-limiter faults, the cause will almost 

certainly be the diode, which is biased to conduct on signals above 
peak white modulation level. 

It is sometimes found that a brightness-control potentiometer with a 
worn track can produce a picture fault which may be confused with the 
symptoms of failure in the tube-heater-to-cathode insulation. The 
picture breaks up into strips of varying brightness, running horizontally, 
which resemble the blurred areas which occur during intermittent 
heater-to-cathode short-circuits. 

Faults in Synchronizing Separator 

When faults occur both in the line- and frame-deflection circuits, it is 
logical to trace the cause to a common origin, and the most likely 
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component to suspect is the synchronizing separator, which, owing to 
loss of emission or faulty resistors in either the grid or anode circuit, 
may be operating on the wrong part of the valve characteristic. If 
anode current changes are caused by picture content instead of being 
limited to the synchronizing pulses, then the time-bases will run so 
irregularly that it may prove impossible to lock the picture into a steady 
position. The cause of trouble in this case will often be traced to the 
grid coupling capacitor to the synchronizing separator. This com-
ponent should have a very low leakage current, and should show a 
resistance of about 20 mil on test. 

Interlacing 

Faulty interlacing of the picture-line structure is often due to un-
wanted coupling between the line and frame oscillators. Although it is 
very difficult to remove all trace of the line-synchronizing component 
from the frame pulse, considerable success has been achieved in pro-
ducing well-interlaced pictures in most modern receivers. 

Imperfect interlacing produces a serious loss of picture definition in 
the vertical direction, and may, in extreme cases, produce a loss in 
horizontal definition thrort:-,h the over-lapping of adjacent line informa-
tion. Apart from the obvious " liny " picture structure, faulty inter-
lacing can be recognized by a tendency for the start of the half-line 
trace to wander at the top of the raster. This indicates that the frame 
time-base is not being triggered at the correct intervals by the frame-
synchronizing pulse. This irregularity is due to the variation in the 
intervals between successive fields caused by the uneven operation of 
the-frame time-base. For correct interlacing, the shape and duration 
of the synchronizing pulses must nrt vary. It is through the addition 
of small voltages at line frequent to the envelope of the frame pulse 
produced by the integrator circuit that faulty interlacing arises. As 
very small intervals are concerned in producing these waveform irregu-
larities, the underlying cause is to be found in -minor circuit variations 
due to faulty insulation in capacitors. Induced voltages at line 
frequency in the frame-time-base circuits can arise, from the inadequate 
screening of the line-output transformer or line-deflection coils 
The cure for some cases of faulty interlacing can only be discovered 

after considerable time has been spent, using the oscilloscope, in the 
systematic etiamination of the waveform at various points in the frame-
scan circuit. In some modern receivers a valve-operated buffer stage 
separates the frame-synchronizing pulses from the mixed waveforms 
in the synchronizing separator. An oscilloscope applied to the anode 
and cathode of the pulse shaper" should reveal clean-cut negative. 
going waveforms. 
The presence of pulses at line frequency can be revealed in the frame 

circuit by rendering the frame oscillator inoperative either by removing 
the valve or disconnecting the H.T. supply. Under these conditions the 
use of the oscilloscope at various points in the frame time-base will 
reveal the extent of the coupling effects from the lino oscillator. During 
this experiment both, the aerial and E.H.T. supply should be 
disconnected. 

Faults in E.H.T. Circuit 

As the majority of modern receivers obtain their E.H.T. supplit 
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from the rectification of high voltages generated in an inductance 
forming part of the load on the line-output pentode, failures in this part 
of the set will usually be caused by the strain imposed by the high 
induced voltages. The line-output transformer with the extra windings 
to supply the high-voltage rectifier should be a high-grade component 
throughout. 
Any partial breakdown in the insulation of the line-output transformer 

will be indicated by a characteristic fold-over on the side of the picture. 
If E.H.T. is also supplied from the winding there may be insufficient 
voltage to produce a picture. The faulty component may overheat until 
a complete winding breakdown occurs. The presence of a high potential 
• on the cathode-ray-tube anode may be quickly verified by obtaining a 
brush discharge on to the blade of a well-insulated screwdriver. After 
a time the service engineer will become quite expert in assessing.the 
E.H.T. voltages by this method. It is wise not to apply this test to 
mains-generated E.H.T. systems, which should.be treated with extreme 
caution at all times. 
Apart from breakdown in the line-output transformer, the E.H.T. 

supply may fail through a variety of additional causes, and faults in 
this part of the circuit are very common in some receivers. The 
presence of air inside the high-voltage rectifier may be recognized by a 
purple glow diffused throughout the envelope. If, however, the valve 
looks in order but still fails to develop E.H.T., the cause may be due to a 
short-circuit in the line-output deflection coils, especially if these com-
ponents have a metal shroud. Extensive picture interference is 
commonly caused by corona discharge at high potential points. Careful 
listening or examination in subdued light will often reveal the source 
of the discharge. Seepage of E.H.T. across insulated surfaces due to 
dust and dampness can also cause this typ• of picture interference. 
Some manufacturers enclo. e the entire E.H.T. system in a screened 
compartment, and shorting across the E.H.T. from the cathode of the 
diode to the metal case can oc iasionally occur*. A slight movement of 
the diode away from the nearest earth potential point will speedily 
cure this fault. If lack of voltage pulses in the line-output transformer 
is indicated by the absence of the characteristic high-pitched whistle, 
then the lack of oscillation can be eje to a failure in the line feed-
back circuit, or, possibly, to a faulty oscillator valve or blocking 
oscillator transformer. The use of the oscilloscope is again essential for 
the rapid location of the fault. It should not be overlooked that quite 
high voltages can be found throughout the feedback circuit, and small 
mica condensers will sometimes fail or develop an intermittent fault, 
producing picture interference. 

Cathode-ray-tube Faults 
The modern cathode-ray tube is a precision instirt ment, and should 

last at least two years regular use without serious deterioration. In the 
past the most common cause of tube replacement was the presence of a 
relatively insensitive area of tube fluorescence due to heavy ion 
bombardment from trr.ces of gas in the tube. In many picture tubes 
this defect is overcome by means of an " ion trap ", the presence of 
which is usually recognizable by the deliberate off-centre alignment of 
the cathode-gun assembly. A small permanent magnet clamped 
externally near the tube base deflects the lighter electron beam into the 
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accelerating electrodes, leaving the ions behind in the " trap ". It is 
important to ensure that the small correcting magnet is adjusted for 
maximum picture brightness before a set is sold or returned to the 
customer after servicing. Dull pictures and shortened tube life will 
result from incorrect adjustment of the ion-trap magnet. 

Probably the most common cause of tube failure is due to a breakdown 
in the heater-to-cathode insulation. This defect causes blurred defini-
tion and uncontrollable tube illumination with complete loss of picture 
modulation. Sometimes the tube will function normally after the set 
has been switched rapidly off and on, but the trouble returns more and 
more frequently. There are temporary measures for this defect, such as 
running the tube heater from a floating winding on a separate heater 
transformer. . Some improvement can usually be effected by this 
measure, but unless the transformer is a specially constructed com-
ponent with a low inter-winding capacity, most of the video detail at 
high frequencies will be lost. Grid-to-cathode shorts rarely occur, and 
are usually accompanied by a " click " from the tube, the screen of 
which flares brightly as the bias disappears. Very occasionally a tube 
may show a faulty heater connection which may occur in the base 
connection. If this condition is suspected, the application of solder 
and flux may effect a cure. It occasionally happens that the tube 
E.H.T. connecting cap becomes disconnected and the wire broken off in 
the glass seal. A satisfactory contact may still be made by means of a 
quick-drying, plastic metal compound available from shops dealing 
with model making. 

Time-base Faults 
Time-base troubles account for a high proportion of the faults in 

which the resulting picture appears in a distorted or unsteady 
form, while faults in the line time-base/E.H.T. circuits are also a 
common- cause of a complete absence of raster. Owing to the 
divergences in the circuits, similar faults in different time-bases may 
produce very different symptoms, but the following notes are generally 
applicable. 

Line Time-base Faults 
If the line oscillator is not functioning no E.H.T. will be produced, 

and there will be a complete absence of raster. If it is functioning, but 
at an incorrect speed, the picture will either not lock and remain a 
complete jumble (indicating an absence of synchronizing pulses) when 
the line hold control is varied or will lock with several side-by-side 
images repeated across the screen, indicating that the speed is too fast. 
That the oscillator is functioning may be indicated by the presence of 

the 10-kcis whistle, but, since this whistle comes mainly from the line 
output transformer, its absence is not a final test of non-oscillation. 
With a blocking oscillator a useful check is to measure the voltage with 
a high-resistance meter between the grid and chaesia: oscillation is 
indicated by the presence of a negative voltage. 
Where the speed of a blocking oscillator is too fast, this may be due 

to failing emission of the valve; high-resistance windings or leaky 
insulation in the blocking transformer; or a faulty capacitor between 
the" earthy " end of the grid winding and chassis. 
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Where the speed of a blocking oscillator is too slow, the most likely 
cause is a resistor increasing in value, usually in the network which feeds 
the positive bias voltage to the '' earthy " side of the grid winding of the 
blocking transformer. 
With multi-vibrator circuits, too fast speed may be caused by low 

emission of the valves; low capacitance or leakage in the grid capacitors 
or change in the networks, if any, supplying the bias to tilt; valve. Too 
slow a speed is often due to a resistor having gone " high "; suspects 
should include the anode and screen feed resistors and the grid resistor 
networks. 

Line Output Stage 
If the oscillator is functioning but there is a complete absence of raster 

the fault is almost certainly in the line output stage. First check the 
three valves: the line output, the efficiency, diode and the E.H,T. 
rectifier. Failure may also be due to a short-circuit or " damping ", 
across the output windings of the line output transformer (e.g., shorted 
turns in the transformer or in the scan coils, or leakage between Une and 
frame scan coils). For some receivers a quick check for damping across 
the secondary is to unplug the scan coils, but care must be taken to 
avoid the risk of burning the screen. Also check any screened leads 
connecting the scanning coils for breakdown of insulation. 

Cramping 

Cramping on the left-hand side of the picture with a dark border 
showing along the mask, may be due to lack of eLinission in the efficiency 
diode, or in a high-resistance joint in the wiring to this valve. 
Cramping on the right-hand side of the picture is most likely due to, 

failing emission in the line output valve, but may be caused by in-
suffic:ent power being applied to the heater (for example, due to wrong 
setting of the mains adjustment panel) or due to the screen feed or 
cathode bias resistor, if any, having increased in value. 
Cramping at the centre of the picture (Test Card " C " showing an 

" egg-shaped " central circle) may be due to a fault in the cathode 
circuit (e.g., faulty cathode decoupling capacitor) producing negative 
feedback, o to an incorrect waveform being applied to the output valve, 
either due to a fault in the oscillator stage or in the correction network 
in the grid circuit of the output .tage. 

Frame Time-bases 

The absence of frame scan output will result in a thin bright 
horizontal line across the screen, and when investigating such a fault 
take care to keep the " brightness " control as low as possible to avoid 
burning the screen. 
A quick cheek to locate whether the fault is in the oscillator or output 

stage may be made by touching, as in sound receiver practice, the grid 
of first the output and then the oscillator valve (take care that the 
chassis is not at " live " potential). If the valve is worki é the thin 
line will open up a little due to hum pick-up. If there is no effect on the 
thin line it indicates that the valve is not working or that the grid 
circuit is short-circuited to chassis.' Faults likely to produce incorrect 
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speeds, etc., in the frame time-base follow roughly similar lines to those 
described for the line time-base circuits, although the frequencies 
involved are much lower (50 frames per second). 

If the oscillator is running too fast the picture will appear to be mov-
ing downwards; if too slow the direction will appear to be upwards. 

Insufficient Height.—Check outPut and then oscillator valves for low 
emission,'anode feed resistor on the oscillator valve and grid resistor on 
output valve. 
Cramping at Top.—Cheek the components in the negative feedback 

correction circuit, if any, between the anode and grid of the output 
valve. Check the grid coupling capacitors for leakage. 
Cramping at Bottom.—This may be due to faulty emission of the 

frame output valve or loss of capacitance in the cathode by-pass capaci-
tor. Faults in the negative feedback correction components may also 
give rise to this. effect. 

• 

Synchroniiation Faults 
Where the fault is due solely to poor or absent synchronization 

pulses it should be possible to obtain a picture momentarily by manual 
adjustment of the hold controls. 
Where it is possible to lock the line but not the frame oscillator, the 

fault is most likely to be in the integrating circuit or in thq interlace 
filter which may be used to eliminate line pulses from the frame 
synchronizing pulses. 
When the frame but not the line oscillator can be locked, the fault may 

be in the differentiating circuit or in any fly-wheel synchronizing circuits 
which may be fitted. 
Poor hold on both oscillators may be due to the synchronizing 

separator valve failing, incorrect screen voltage due to feed resistor 
increasing in value or leakage in the by-pass capacitor. 

If the line hold only is weak examine the line synchronizing feed 
capacitor. Where line tearing -is pronounced, it may be due to the 
coupling components in the grid circuit. 

• 

Turret Repairs 

The repair of faulty turret tuners often requires most delicate work-
manship, and less skilled work is likely to impair rather than to improve 
results. It is for this reason that many manufacturers recommend that 
turrets should always be returned to them for repair or adjustment. 
For example, the full alignment of a tuner is best carried out on thé 
costly and compiex equipment available to the manufacturer. There 
are, however, some repairs that a service engineer can i,ackle, provided 
that he has the necessary experience and deftness. 
Poor or intermittent results on one channel are often due to poor 

contacts. In such cases it is important that no attempt be made to 
increase contact pressure by adjustment of the spring contacts, as these 
are usually carefully set in the factory. Careful and sparing application 
of turret lubricants is more often successful, and sometimes adjust-
ment to the switch-locating device will change the point of contact 
slightly. The channel-selector mechanism on- turrets should be kept 
lubricated, and after cleaning it is advisable to apply a smear of 
petroleum jelly to each stator spring contact. 
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A common cause of short-circuits is the wearing off of the insulating 
paint on the ends of the small ceramic capacitors, leaving an exposed' 
wire which may rub against another component. Faulty components 
may be the result of overheating during soldering, either in manufacture 
or subsequently. 
Where any attempt is made to replace a component, it is essential that 

the tuner should be handled with great care, and that only an exact 
replacement, physically as well as electrically, should be fitted in the 
precise position of the original component, with connecting wires of the 
same length and path. • 

Coils are often adjusted by spreading their ends, so that great care 
should pe taken not to accidentally disturb them 

Miscellaneous Picture Faylts 

While many picture faults provide by their symptoms an obvious 
clue as to the source of the trouble—linearity faults, such as cramping, 
insufficient height or width, for example, immediately suggest a time-
base fault—there are a number of symptoms for which the location 
of the trouble will prove puzzling but which, once recognized, provide no 
less valuable a clue as to the likely fault. 

if R inging ,1 

This common picture fault, which takes the form of a black line 
immediately to the right of a white object, or a black line following a 
white object, is almost invariably caused by a distorted vision-response 
curve, providing excessive high-frequency amplification. Response 
characteristics of this type tend to produce a series of damped oscilla-
tions in the tuned circuits, and these produce the effect already de-
scribed. Where the fault is found when installing a new receiver, it 
often denotes misiuning of the local oscillator, while on older receivers 
it may either be due to local oscillator drift or to misalignment generally. 
However, where the fault develops suddenly and is accompanied ny a 
marked reduction in the band-width of the receiver (as shown on Test 
Card C) and an increase in sensitivity, the damping resistors across the 
tuned circuits should be checked. Faulty components in the video 
compensating network of the video output stage, and the decoupling 
ciréuite, are other frequent causes of" ringing ", a useful pointer in this 
case being that the receiver sensitivity may not be unduly affected. 
It should be no' Ed that in some receivers, particularly those intended for 
" fringe " reception, a certain degree of " ringing " may be introduced 
intentionally to sharpen the images; but since it is difficult to prevent 
such instability from later becoming more pronounced, designers must 
be wary of carrying this procese too far. An effect somewhat akin to 
" ringing " may also be caused by " ghost " images (see Section 21) 
produced by the arrival of signals at the receiver along multiple paths. 

" Line Ringing" 

Vertical bars on the left-hand side of the picture may be caused by 
" ringing ", i.e., damped oscillation, of the scanning coils or line-output 
transformer. With improvements in the efficiency of these coMponents 
and the use of efficiency and boost diodes, this fault has become less 
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.frequent; but in older models it is not uncommon for the high-wattage 
damping resistor (which is required to dissipate considerable energy) 
connected across the .scanning coils to become open-circuited. On 
some modern receivers employing wide-angle tubes, a somewhat similar 
symptom may be caused by spurious signals from the line-output valve 
beating with the local oscillator to produce an interfering signal ; the 
remedy is to provide a small high-voltage decoupling capacitance to the 
anode of the line-output valve. 

Sound-on-vision 

Alternate light and dark horizdntal bars across the picture, occurring 
during the louder sound passages, and sometimes when severe destroying 
line hold, are the symptoms of this fault. The intermittent nature of 
the trouble will distinguish it from the effect of hum in the receiver. 
The fault may be due to misalignment, general inefficiency of the sound-
rejector circuits or simply to slight oscillator drift which may be in-
sufficient to produce other harmful effects. Another common cause— 
though one that is not likely to arise after the receiver has been working 
successfully—is overloading of the frequency changer valve, and this 
may be cured by fitting an attenuator pad in the aerial feeder. Other 
possible causes are valve microphony and feedback in the H.T. circuits. 

This fault should not be confused with microphony of the valves 
employed in the vision chassis. Here, the vibrations set up by the loud-
speaker cause a similar effect on the screen to that of sound-on-vision. 
If reduction of the volume control fails to eliminate the effect, the fault 
must be sound-on-vision. 

" Pulling " 

" Pulling on Whites " is the name given to a fault in which the picture 
is momentarily displaced horizontally whenever a white image moves 
across the right-hand side of the picture : it can most clearly be observed 
on Test Card C, when a castellated effect on vertical lines will be found 
to cdincide with the changes from black to white in the right-hand 
border. It is caused by later triggering of the line-scan oscillator 
following a line ending in white light, duo to the receiver not responding 
to the " front porch ". preceding the line pulse. This may be due to 
poor high-frequency response of the vision receiver, ,and in this case will 
be accompanied by le9s of the high definition patterns, or, where the 
patterns ' are unaffected, by loss of higa frequencies in the circuits 
immediately preceding the synchronizing separator; a likely cause 
being high stray capacitance in the coupling between the video amplifier 
and the grid of the synchronizing separator. 
" Pulling on Blacks ", or as it is sometimes called triggering op 

picture ", is a somewhat similar condition, but with the picture dis-
placed in the opposite direction. The cause is almost invariably in-
correct clipping in the synchronizing separator, the clipping being 
above the 30 per cent black level, and thus allowing picture content to 
trigger off the time-bases. A faulty component in the synchronizing 
separator stage, such as an increase in value of the screen-feed resistor, 
is usually the reason for this condition. 

Line pulling may also be caused by ghost images interfering with the 
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synchronization. This will not occur, of course, in sets using flywheel 
synchronization. 

" Plastic " Picture 

Where the outlines of objects are clear but the picture has an overall 
grey appearance, the usual cause is poor low-frequency response in 
the vision receiver or video amplifier, and any of the components, or 
adjustments affecting overall response may at fault. These include 
misalignment or incorrect local oscillator setting, a decrease in value of 
a coupling or by-pass capacitor in the video amplifier. 

" Flare " or " &making " 

These terms are used to describe the condition when streaks or 
smudges appear to follow black-and-white images horizontally across the 
screen: the black horizontal bar at the top of Test Card C provides a 
most useful check. The cause is excessive low-frequency response, and 
here again may be caused by misalignment or defective compensation 
in the video-amplifier stage. A gradual increase in flaring usually 
suggests misalignment or oscillator drift, whereas any sudden increase 
points to a faulty component, such as a découpling capacitor, or an 
increase in value of the anode-load resistor in the video amplifier. 

Loss of Highlights 

A condition may sometimes be encountered where the darker shades 
of the picture are reproduced normally, but the lighter tones tend to 
flatten out and become almost indistinguishable from one another. 
This is caused by the peak amplitiides of the vision signals being lost by 
clipping, and is commonly caused by over-advance of the vision-
interference limiter, but may also be due to overdriving the cathode-ray 
tube or incorrect bias in the video-amplifier stage. 

PICTURE-TUBE SALVAGE 

The replacement of a picture tube represents a considerable item of 
expenditure to the average owner, end service engineers are often asked 
if they can avoid the need to purchase a new tube, even at some cost to 
picture quality. 
Makeshift repairs are often inadvisable, as any temporary improve-

ment may soon be reversed, with the result that a new tube has to be 
purchased after all, and money spent on extending the life of the original 
tube will have been wasted. There are, nevertheless, several methods 
of picture-tube salvage which have become fairly well established in 
practice, and often give reasonably satisfactory results for a worth-
while period. 

Low-emission Tubes 

Where the picture has become " fuzzy" with little contrast or 
brilliance and with a tendency to turn negative when either of these 
controls is advanced, this is often a sign of low emission. Two methods 
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of temporary rejuvenation of the cathode emission, provided that the 
tube is still " hard ", are fairly widely used, although in both systems it 
should be clearly recognized that there is the risk of the attempted 
" cure " causing the coniplete breakdown of the heater. 
The first is to run the tube for a short period wiai the heater con-

siderably. over-run and with all other voltages removed (sometimes a 
potential of about 100 volts is put on the grid), by means of a tapped 
transformer. The other method, which is probably more widely used, 
is to install a permanent " boost" transformer or auto-transformer 
providing from 20 to 50 per cent additional heater voltage. The 
installation of a boost transformer has frequently extended the useful 
life of tubes by many months, particularly with the older type of low-
voltage heater, although in other eases the life may be prolonged for 
only a short period; thé extra life averages roughly about four to 
six months. 

Electrode Short-circuits 
Heater-cathode short-circuits, often of an intermittent nature, aee not 

infrequent, and may result in flashing, uncontrollable brilliance, hum 
bars or absence of raster. Where a heater-cathode short-circuit has been 
traced, isolating transformers, which are specially made for this applica-
tion and which are now readily available, provide a means of extending 
the useful life of the tube. Such transformers must have very low inter-
winding capacitance, as otherwise there will be considerable loss of 
high-frequency video signals (which, with the heater-cathode short-
circuit, will appear on the heater line) and hence deterioration of picture 
quality. The use, of an isolating transformer, is, of course, practicable 
only on A.C. mains. With the aid of an isolating transformer, tubes 
with heater-cathode short-circuits can often be used quite successfully 
for relatively long periods; in fact, there is little evidence that the life 
of a defective tube fitted with an isolating transformer differs ap-
preciably from that of a normal tube. 

Similar fault symptoms may sometimes be traced to grid-cathode 
short-circuits. Where the tube has a tetrode gun, it is possible, though 
often at some cost to picture quality, to strap the grid to the cathode 
and them to rewire the tube with the first anode acting as control grid. 

Intermittent inter-electrode short-circuits often occur only when the 
tube is at full operating temperature and can sometimes be eliminated 
by slightly lowering the heater voltage; a simple method with series-
connected tubes is to wire a suitable resistor in parallel with the heater 
of the tube. 

It is worth noting that premature tube failures and inter-electrode 
short-circuits are frequently caused by the over-running of the heater 
and consequent high cathode temperature. It is recommended, when 
replacing a faulty tube, to check the heater voltage in a parallel-fed 
receiver and to check the heater current in a series-fed receiver. 
Measurements should be made after checking that the mains-tapping is 
correctly adjusted. Currents should be within 5 per cent of the rated 
figure and voltages within 7 per cent. 

Miscellaneous Picture-tube Faults 
A picture-tube fault that may occasionally develop in fairly new 

tubes is a change in the grid cut-off characteristics; this may result in 
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excessive brilliance even with the brilliance control set at minimum. 
This type of fault can sometimes be overcome by adjusting bias levels; 
sometimes by simply connecting a high-value resistor (e.g., 10M) be-
tween the first anode and chassis. 

Scratched tube faces can often be repolished by the tube manu-
facturers provided that the scratches are not too deep. 
Although riot strictly speaking a picture-tube fault, it is worth noting 

that as picture tubes age any deficiency in E.H.T. voltage tends to 
produce results akin to that of a " soft " tube or failing emission, and 
before deciding that a tube has no further useful life it is advisable to 
check the E.H.T. supply. 

Picture-tube Repair 

A number of firms specialize in carrying out the repair of faulty 
picture tubes for the trade. The two main systems used are: (a) to 
open up the tube and fit a completely new gun assembly, or (b) to 
reactivate the cathode, followed by restoration of the vacuum by using 
an R.F. heater to heat the getter. The first system provides the tube 
with a completely new lease of life, apart from any deterioration which 
may have taken place in the flourescent screen. The second process 
does hot give the equivalent of a new tube, but does extend the life of 
the tube by some months. The tubes which respond best to this 
treatment are those where the cathode has lost emission either through 
being run over long periods at too low a heater voltage or where the 
cathode surface has been affected by the tube being slightly soft.. 
Little improvement can be made to cathodes which have lost their 
emission due to being over-run, or which have already had a very long 
life. 

SERVICING PRINTED CIRCUITS 

This subject is covered in.Section 39, the notes given there being 
generally applicable in the case of television receivers also. 

BAND III CONVERSION 

Band III converters fall into two categories, those in which the 
incoming Band III signal is converted to the I.F. of the existing 
receiver (thereby replacing the " front,end 'Lof the receiver), and those 
in which the incoming Band III signal is converted to the Band I 
frequency that the receiver is aligned to receive. The latter is the 
" universal " type, which may be used with any receiver. 
For the conversion of T.R.F. receivers, a " universal " converter 

must be used. In the case of superheterodyne receivers, either type of 
converter may be used, though the " Band III to receiver I.E." type is 
often to be preferred, for reasons given later. 
Universal converters may be designed so that the Band I signal is 

switched directly from the input to the output socket of the converter, 
undergoing no amplification. Alternatively, the converter may be 
designed so that both Band I and Band III signals pass through its 
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circuitry, enabling arrangements to be included to provide equal signal 
outputs on both bands. This eliminates the necessity to readjust the 
receiver controls when switching from one band to another. 

If the converter draws its power from the existing receiver, the 
following points should be noted: (a) The receiver power supply must 
be capable of, supplying the extra load. (b) If the receiver has, as is 
usual, a mains-connected chassis, then the converter chassis will also be 
mains connected. This is dangerous unless the converter is specifically 
insulated for such usage. (c) The valves used in the converter must 
have heaters of vol age and current rating suitable for, inclusion .in the 
heater chain: of the receiver. 

Upper-sideband Receivers 
Some early Channel 1 T.R.F. receivers were designed so that the full 

double-sideband transmission of the old Alexandra Palace transmitter 
was accepted by their input circuits. Subsequently, the sound channel 
was aligned to receive the sound signal, and the vision Channel the 
upper sideband, thereby providing good sound rejection. This type of 
receiver will not accept lower-sideband transmissions without serious 
degradation of the picture, and is therefore not, really amenable to 
conversion. It may be possible to realign the vision stages to accept 
more of the lower sideband, but sound rejection may then be found to 
be poor, necessitating the insertion of sound-rejector coils. 

Patterning 
The main disadvantage of a " universal " converter is that, whilst 

it is receiving the Band III programme from the converter, it may also 
pick-up a certain amount of the Band I transmission. This may either 
make viewing impossible, or, in less-severe cases, result in é, background 
pattern being present on the screen. 
A further disadvantage of the " universal " converter is that the 

converted Band III output of the converter, being at Band I frequency, 
may cause interference to neighbouring sets rece.iving Band I, particu-
larly after amplification in the receiver. The signal may be radiated 
from the cable connecting the converter to the receiver, from the R.F. 
'circuits of the receiver itself, or by inductive or capacitative coupling, 
within the converter, to the aerial circuits and thence to the dipoles. 
This latter type of radiation is overcome to some extent by incorporat-
ing an R.F. amplifier in the converter, as this acts as a buffer between 
the mixer-grid circuit and the aerial. 

Aerial-to-LP. Converters 
Aerial-to-I.F. converters are similar in design to the tuner units 

used in Band receivers. Conversion is generally carried out as 
follows: the R.F. amplifier and frequency-changer valves of the 
receiver are removed, the converter output plug is plugged into the 
frequency-changer valve-holder, and the power supply for the converter 
taken via a plug inserted into the R.F. amplifier valve-holder. In 
some cases a single connecting cable is provided, in which case this 
may be inserted into the frequency-changer valve-holder, or into the 
R.F. amplifier valve-holder. In the latter case, provided that the 
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« oscillator is rendered inoperative, the mixer will act -Is an additional 
I.F. amplification stage. The extra gain achieved in this way may be 
necessary in some cases. 

Points to be borne in mind when selecting a converter for a particular 
receiver are: (a) type of valve heaters in use, i.e., whether series 
or parallel wired; (b) the I.F. of the receiver; (c) whether the receiver 
oscillator, before conversion, is higher or lower thart the signal 
frequency; (d) in the case of tuners with clip-in coils, the channels it is 
desired to receive. 

Conversion Problems 

The position of the • converter heaters in the heater chain of a 
universal-mains type of receiver may require consideration. Some 
receivers have their R.F. and mixer valves relatively " high up" the 
heater chain, that is to say away from the ground. This may give rise 
to modulation hum troubles on some conversions, and the cure is to 
rewire the converter heaters " down " the chain, nearer to ground. 
Another fault, commonly encountered but mystifying on first ac-

quaintance, is as follows: A picture is obtained, after conversion, but 
no sound can be obtained; tuning the converter oscillator control will 
bring in the sound but cause the picture to disappear. The trouble is 
that an incorrect type of converter has been obtained. The receiver 
oscillator has, for example, been working on the low side of signal 
frequency, whereas the oscillator in the converter is working on the high 
side of signal frequency. Or , conversely, the receiver oscillator may 
have been on the high side and the converter on the low. 



41. TRANSMITTER INSTALLATION AND 

MAINTENANCE 

PAGE 

INSTALLATION . 2 

ALIGNING AND TESTING 

ACCEPTANCE TESTS 11 

MAINTENANCE . 12 

FAULT FINDING . 15 

MOBILE INSTALLATIONS 0 20 



41. TRANSMITTER INSTALLATION AND MAINTENANCE 

INSTALLATION OF TRANSMITTERS 
The construction of transmitters designed for fixed station operation 

falls broadly into three classes: (a) low-power receiver type chassis, 
(b) cabinet, cubicle or rack type, and (c) welded frame with enclosing 
panels. 
Most of the recommendations given for installing receivers apply 

equally to low-power, naturally cooled transmitters of the first class. 
The primary requirements are a single-phase A.C. power supply, ample 
space for ventilation and access to controls, in a convenient position 
for leading in the aerial or aerial feeder, and a short, low-impedance 
earth connection. 
The important features to be considered in planning the arrangement 

of medium- end high-power transmitting equipment are: 

(1) Efficiency and ease of operation. 
(2) Economy in floor space, wiring and installation materials. 
(3) Access for servicing valves and components and for removing 

defective components. 
(4) Adequate natural or artificial lighting of controls and meters. 
(5) Ample doorway clearances for the entry of the largest piece 

of apparatus, if necessary in its travelling crate. 
(6) Ventilation, either natural or assisted, for dissipating the 

heat generated by the equipment. 
(7) Headroom for aerial leads-in, overhead radio-frequency 

connections and lifting tackle for transformers and rotary machines. 

The installing engineer is usuaiiy.furnished with an accommodation 
plan, installation diagram, cable schedule and wiring diagrams of each 
unit for guidance in carrying out the erection and wiring. With high-
power installations, additional detail plans and diagrams are provided 
for power-supply equipment, switchboards, cooling plant, air trunking 
and cable ducts. 

Installation time is reduced by preparing such items as plinths, 
machine foundations, cable and air ducts, aerial leads-in and the 
equipment earthing system before taking delivery of the equipment. 
A shallow concrete or wood plinth, planed level and bolted to the 

floor, is a useful .means of concealing interconnecting cables and pro-
tecting the transmitter panels from abrasion and dirt when the floor is 
being cleaned, and is also the most satisfactory way of taking up small 
irregularities in the floor surface, to ensure that cubicles stand level. 
Small differences in the base levels of adjacent cubicles can produce 
wide, diverging gaps between the sides, which make it difficult to bolt 
them together and make a well-finished job. 

Taking Delivery 

. Before signing delivery receipts for equipment, the cases should he 
checked and inspected for visible signs of damage. If there is a shortage 

41-2 



TRANSMITTER INSTALLATION AND MAINTENANCE 41-3 

or apparent damage, the papers must be endorsed to this effect. As 
soon as possible, the carriers must be notified, and all invoices and 
correspondence filed until a settlement has' been reached. 

It will sometimes be found that components ha % s been removed from 
an assembly and packed separately for safe transport. The components 
and the corresponding positions from which they were dismantled are 
invariably labelled with appropriate numbers or letters as a guide to 
reassembling when the equipment is installed. It is advantageous to 
erect frame-type cubicles with the doors and panels removed, to give 
easy access for bolting the frames to the floor, reassembling the com-
ponents and connecting external cables. When reassembling, frequent 
reference should be made to the unit wiring diagrams to avoid wiring 
errors. 

Earthing 

The frames and cabinets of radio-frequency unite must be earthed 
by as short and direct a route as possible, preferably with one or more 
copper strips laid in parallel and spaced apart. An earth connection 
approaching a quarter wave in length will have a high impedance at the 
transmitter, and appreciable radio-frequency voltages may be developed 
in the frame and screens. At the higher frequencies a capacity earth 
in the shape of copper sheets laid under and bonded to the units has a 
lower earth impedance than a direct connection, since the reactance to 
earth varies inversely as the frequency; but it is important to note 
that a metallic connection is equally necessary for anchoring D.C. and 
A.C. circuits and earthing the frames and screens of auxilit ry equipment. 
There is little to be gained by employing earth electrodes of large 

surface area. It is not so much the area in contact with the soil as the 
resistivity of the soil that determines the earth resistance. Two or 
more copper stakes, spaced well apart and driven into moist soil, are 
often more efficient than a single plate having two or three times the 
equivalent contact area. 

Further information on earthing will be found in Section 21. 

Installation Wiring 

Cable schedules and estimates are prepared by taking each run on the 
installation diagram in turn, and either scaling the length on the 
accommodation plan or surveying the station building. Sizes and 
voltage gradings are determined from the duty of the cable, the cable. 
maker's list and the wiring regulations. 
The systems of wiring best adapted for radio transmit ting installations 

and their applications are summarized in Table 1. 
Power supply and interconnecting cables can often be run in advance 

of erection. Plan the runs so as to avoid unnecessary cross-overs where 
cables enter branch ducts and cubicles, and lay all cables preferably 
between two selected units before proceeding to the next. Run the 
cables by the shortest route, making ample allowance for terminating 
and bending where they leave a duct or deviate inside cubicles, before 
cutting. Where the runs are long, it is advisable to bunch the cables and 
earth the sheaths at regular intervals along the run to avoid the possi-
bility of radio-frequency pick-up. Radio-frequency and audio-fre-
quency leads should be separated from A.C.-supply leads to prevent 
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TABLE 1,—W ERING SYSTEMS 

System Description Applications 

Box ducts 

Cable trays 

Screwed-steel 
conduit 

Flexible metal 
conduit 

Saddles and 
'cleats 

Porcelain and 
ceramic insu-
lating supports 

Cable hangers 

Earthenware 
conduit 

Enamelled sheet-metal 
ducts with screw-on 
or spring-clip covers. 
Cables run by removing 
covers and"laying loose 
or in clips or grips. 

Perforated steel trays 
without covers. Cables 
secured to bottom of 
tray by saddles. 

Screwed-steel tubes, 
enamelled or galvan-
ized, and equipped with 
draw-through boxes at 
bends. 

Tubes of spiralled metal 
strip, easily bent to any 
desued form. Cables 
drawn through. 

Metal strip, bent and 
drilled to straddle 
cables run .on walls. 
Clamping bars of in-
sulating material. 

Porcelain, ceramic or 
pyrex insulators in 
conical and various 
other shapes. 

Steel hangers, sometimes 
with brackets, shaped 
to support one or more 
cables, and drilled for 
wall or ceiling fixing. 

Glazed stoneware circu-
lar sections with 
spigoted ends and radi-
used bends. 

Used extensively for con-
cealing several small or 
medium-sized TRS or 
PVC cables. Screwed 
to walls, ceilings and 
recessed wall cavities, or 
laid in floor trenches. 

Used for bunched wiring of 
most types in cabinets, 
racks, cubicles and over-
head runs between 
cabinets and walls. 

Suitable for running a 
"few small TRS or PVC 
cables with small bend-
ing radius. Cables drawn 
through angle boxes at 
ends of each straight 
section. Universal appli 
cations. 

For short terminations in 
confined spaces between 
wall or floor ducts and 
machine or transformer 
terminal boxes, particu-
larly where the cables 
aro subjected to vibra-
tion or equipment is 
resiliently mounted. 

Used for small lead - 
covered, PVC or TRS 
cables in basements and 
other situations where 
appearance is not im-
portant. 

Bare copper radio-
frequency and high-
voltage connections. 

Heavy lead-covered or 
armoured cables carried 
along walls or sus-
pended from ceilings. 

Suitable for underground 
and underfloor runs of 
lead-sheathed PVC or 
TRS cables. 
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FM. .—W IRING TESTS FOR CONTINUITY, SHORT-CIRCUIT, EARTH AND LOW 
INSULATION RESISTANCE. 

possible interference, and single-phase A.C. go-and-return leads should 
be twinned to neutralize the external field. 

Wiring Tests 

On completion of the station wiring, each run should be checked 
against the installation diagram. Faults can be broadly separated into 
wiring and equipment faults, and fault-finding when making final tests 
will be simplified if the wiring has first been checked for continuity, 
short-circuits, earths and low insulation resistance. These tests are 
readily; performed with almost any kind of current or voltage indicator 
and one or two dry cells or other source of D.C. supply. Fig. 1 (a)-(d) 
shows the connections for a current indicator such as a headphone 
receiver, a galvanometer or a milliammeter. 

Continuity Tests 

The continuity test (Fig. 1 (a)) consists of looping the far end of the 
conductor to the return conductor or sheath, and tapping the indicator 
and battery across the near ends. If a galvanometer or milliamneter 
is used, it is necessary to connect a resistance or lamp in series to limit 
the current to a safe value for the meter. Continuity is proved by a 
sharp click heard in the receiver or a reading on the meter. This test 
can also be used to identify conductors in a multi-core cable (Fig. 1 (6)). 
The far end of the conductor to be identified is connected to the sheath, 
while the indicator and battery are tapped across the sheath and each 
conductor in turn at the near end, until an indication is obtained. 
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FIG. 2.—LIVE TEST TOR CONTTNUITY, 
EARTHING OR Low INSULATION RE-

SISTANCE. 

Short-circuit Tests 

In the short-circuit test (Fig. 1 (c)), the far ends are open-circuited, 
Lnd a click in the receiver or a reading on the meter reveals a short-
circuit. To test for an earth on either conductor or fo- low insulation 
resistance, the far ends are left open and one terminal of the battery 
earthed (Fig. 1 (d)). A loud click in the receiver or a reading on the 
meter indicates an earth or low insulation resistance on the particular 
conductor under test. It should be noted that, when making insulation 
tests, a long cable may have appreciable capacitance, and a click heard 
on making the connection may be produced by the charging current. 
The true indication of faulty insulation is an equally pronounced click 
heard when the connection is broken. 

Open-circuit Tests 

A quick method of testing live conductors for open-circuit, low 
insulation resistance or an earth is shown in Fig. 2. Two metal-filament 
lamps in series, with their junction point connected to earth through a 
switch, aro tapped across the conductors. With the switch open, the 
lamps will glow equally if conditions are normal, but if they fail to light, 
either the supply has failed or an open-circuit exists. When the switch 
is closed, no change in brightness should occur, but if the insulation is 
faulty, the lamp connected to the faulty line will glow less brightly. If 
there is a direct earth, the lamp will be extinguished. 

Locating Faults 

The position of an earth on a long radio-frequency co-axial cable can 
be locat--I by measuring the resistance between conductor and sheath at 
each end, with the opposite end open-circuited, as shown in Fig. 3 (a). 
If R„ and R, are the measured values at ends X and Y respectively, and 
1 is the length of the cable, the distance of the fault from end X 

r- R. Ry 

An earth on a twin-wire cable can be traced in a similar manner. In 
this case the resistance is measured between each conductor and sheath 
at one end, with both -conductors looped at the far end, as in Fig. 3 (b). 
Let the two values be R, and R,. Then the distance of the fault from 
the near end 
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FREQUENCY CABLES. 
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Before finally connecting the installation to the power supply, see 
that all distribution switches on the equipment and the main supply 
isolator or circuit-breaker are in the open position. 

ALIGNING AND TESTING THE TRANSMITTER 

Before aligning the transmitter circuits, the internal wiring must be 
inspected to ascertain that there are no loose or misplaced connections, 
particularly where components have been dismantled for transportation, 
and followed by a mechanical check of all components. 
No hard-and-fast rules can be laid down for dealing with the many 

variations of transmitter design, and the description will here be con-
fined to an outline of the basic principles of alignment. The order of 
procedure can be regarded as the reverse of that for receivers. A 
receiver is aligned by injecting an artificial lignal obtained from a 
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FIG. 4.—ALIGNMENT SEQUENCE FOR AN AMPLITUDE-MODULATED 
TRANSMITTER. 
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FIG. 5.—NEUTRALIZING CIRCUITS IN A PUSH-PULL RADIO-FREQUENCY 
AMPLIFIER. 

calibrated signal generator, ana adjusting for maximum reading on an 
output-level meter, working back, stage by stage, from the output-
power amplifier to the aerial coupling. In A transmitter the master 
oscillator is the source of excitation and the standard of reference for 
the radio-frequency stages, and a tone generator provided with an 
attenuator pad for the audio-frequency stages. The procedure com-
mences with the low-level stages and finishes at the output stage, the 
complete operation being carried out in two parts: firstly, alignment of 
the radio-frequency stages to produce an unmodulated carrier of the 
required amplitude and frequency in a test load, and secondly, adjust-
ment of the audio-frequency stages to deliver an undistorted audio-
frequency output at the correct level to fully modulate the carrier. 
The frequency of high-frequency and medium-frequency transmitters 

is generally governed to a degree of accuracy of at least 1 part in 105 
by a crystal oscillator, which serves as a standard of reference for 
tuning purposes. The correct amplifier settings have usually been 
recorded on the test bed, and can be repeated from the test figures or 
calibration charts supplied with the equipment. Each adjustment is 
checked by observing the readings of the anode-current and grid-
current meters on the stage concerned. Having set the grid bias and 
anode voltages to the specified val :es, the alignment of any one stage 
entails three main adjustments with a steady input applied from the 
master oscillator: 

(1) Tuning the input circuit and adjusting the input coupling 
for optimum excitation, as indicated by the grid current peaking 
to a maximum. Too loose a coupling is revealed by a deficiency 
of grid current; too tight a coupling is indicated by a double peak 
of grid current, and causes instability. 

(2) Tuning the output circuit to resonance. In this condition 
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the conversion efficiency is greatest and the anode dissipation is 
least, as indicated by a fall of anode current. 

(3) Neutralizing the anode-grid capacitance of the valve in the 
case of triodes, to eliminate unwanted feedback. 

Neutralization of Amplifiers 

Fig. 5 illustrates the operation of neutralizing a push-pull stage. The 
H.T. supply lead is disconnected and a miniature lamp bulb is tapped 
across a fraction of a turn of the anode tuning inductance. First the 
circuit is tuned to the signal input to obtain maximum glow in the lamp. 
The neutralizing capacitors C,C1 are then varied to reduce the glow 
until it is just visible. At the higher frequencies it is sometimes 
necessary to insert capacitive reactances, C,C„ in the grid circuit to 
neutralize the inductance of the leads. The circuit is again tuned for 
maximum glow, and the neutralizing capacitors readjusted, the process 
being repeated if necessary until the glow is extinguished. When this 
condition is fulfilled, the points X and Y are at equal potential, no radio-
frequency energy is being transferred to the anode circuit, and con-
versely no feedback to the input circuit can occur under operating 
conditions. 

Valve Voltages 

The correct control grid bias and H.T. voltages for Class A, Class B, 
Class C or intermediate modes of amplification are determined from the 
valve characteristic curves and the operating conditions. 
CLASS A AMPLIFIERS. Lightly biased negatively to set the datum 

point at the centre of the .1.1E, characteristic, as shown in Fig. 6. 
Positive and negative excursions of input voltage are confined to the 
linear part of the curve. Grid current bi zero, both with and without 
excitation. There is a standing anode current which does not vary 
appreciably when excitation is applied. 
CLASS LS AMPLIFIERS. Biased negatively to the lower bend of the 

1..1E, characteristic. Excursions of input voltage extend into the 
upper bend and beyond the lower bend. Grid curent is zero and anode 
current small in the absence of excitation. Grid current appears and 
anode current increases with excitation. 

Class C AMPLIFIERS. Biased hnvily negative beyond cut-off. 
Excursions of input voltage extend well beyond the upper and lower 
bends of the 1.1E, characteristic. No grid or anode currert flows in the 
absence of excitation. Heavy grid crirrent and anode current flows 
during excitation. 

Use of Grid-dip Oscillators 

A grid-dip oscillator is a useful aid to tuning when the settings are not 
known. This is a miniaturized uncalibrated oscillator, equipped with a 
grid current microammeter and compact plug-in coils. A selected coil, 
adapted for insertion in confined spaces, is fitted to the end of a probe to 
establish a coupling with the circuit. The oscillator is brought near 
the L-C circuit of the amplifier and tuned to resonate. At.resonance the 
amplifier absorbs maximum energy, which is observed by a fall of grid 
current in the oscillator. The oscillator frequency is then checked by 
offering it to a frequency meter, which need not have an accuracy 



41-zo RADIO AND TELEVISION REFERENCE BOOK 

1a 

Al STANDING 
B • ANODE 

CURRENT 

El + 

G.B. VOLTAGE 

A B 

Ti 

(a) 

DYNAMIC 
ANODE 
CURRENT 

Eg 

GRID EXCITATION VOLTAGE 

FIG. O.—CLASSES A, B AND C AMPLIFICATION. GRID VOLTAGE AND 
ANODE CURRENT READINGS. 

greater than about 1 part in 1,000. If the frequency is low, the tuning 
capacitance of the amplifier must be decreased; if it is high, the capaci-
tance must be increased. The amplifier circuit is adjusted accordingly, 
and the process is repeated two or three times, if necessary, until the 
circuit frequency is approximately correct. Fine adjqstmonts may then 
be made, and the circuit neutralized as previously described. 

Typical Setting-up Procedure 

The circuit arrangements of transmitters are many and varied, and 
although the general procedure is the same for all, it will necessarily 
differ in detail for each type. The routine is, perhaps, best illustrated 
for an amplitude-modulated broadcast transmitter. 

(1) Check that power at the correct voltage and frequency is 
available at the main isolator, and that fuses of the correct rating 
are in position. 

(2) With power switched on to the control circuit and the main 
supply switched off, see that all control switches, relays and inter-
locks operate satisfactorily. 

(3) Start the air-cooling fan or water pump, and verify that the 
cooling system is functioning normally. 

(4) Switch on the filament-heating supply and adjust the 
individual heater voltages to the specified values. 

(5) Switch on the grid-bias rectifiers and check the bias voltages. 
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(6) Switch on the auxiliary H.T. and the main H.T. supply 
•ectifiers, checking the voltages in turn. 

(7) Connect the master oscillator and buffer stage to the first 
amplifier or harmonic generator and verify that grid current is 
indicated on the meter. 

(8) Proceed to tune and align each stage, neutralizing where 
necessary to eliminate unwanted feedback, as previously described. 

(9) With the test load connected to the final amplifier, check 
the power output by the reading on the load ammeter. It is assumed 
that the test load has previously been calibrated by a photometric 
or calorimetric method. See that there is sufficient excitation, and 
readjust each stage to obtain maximum output, taking cáre that 
the anode dissipation is not exceeded. 

(10) With the maeer oscillator switched off, teat through for 
stability by varying the tuning adjustment on each stage. In the 
absence of excitation the anode current should remain stationary, 
and the power in the load should be zero. 

(11) Proceed to adjust the audio-frequency stages in the same 
way as the radio-frequency stages, except for the absence of tuning. 
Check by increasing the signal input that no grid current appears in 
the Clase A stages, and that the rated anode dissipation limit on 
any one stage is not exceeded. 

(12) Verify with an oscilloscope that the modulation wave'shape 
at the output of the modulated amplifier is sinusoidal, and that the 
full modulation is achieved without limiting. 

(13) Connect the feed-back circuits, and check that feedback is 
in the correct sense. Re-check with full power applied. 

ACCEPTANCE TESTS 

Final acceptance tests are more stringent and comprehensive. The 
most important is an extended test run for a specified period of time on 
full load with modulation applied, to ensure that no overheating ot 
flash-over occurs in the valves, components and dielectric materials. 
The frequency stability must conform to Atlantic City Standards 

(see Section 44, Table 2). Permissible frequency tolerances vary 
from ± 0-01 per cent for high-frequency telephony to ± 20 cis for broad-
casting, according to the class of transmission. To satisfy these require-
ments the frequency constancy is closely checked against a time-
controlled frequency standard, and any abnormal drift from the 
assigned frequenéy is observed on a protracted run. 

Noise-level Tests 
Simple noise-level tests are made by sampling the modulated radio-

frequency output with an oscilloscope or noise-level meter and an 
attenuator pad calibrated in decibels. If a noise-level meter is used, it 
is first necessary to demodulate the sample signal. The output level is 
first observed and noted with modulation applied. Modulation is then 
cut off, and the residual noise frequency brought up to the modulation 
level by cutting out attenuation. The amount by which the attenua-
tion has been reduced is then a direct measure of the noise level in 
decibels, referred to modulation level. Noise level should be at least 
60 db (unweighted) below 100 per cent modulation for broadcasting or 
40 db for commercial telephony. 
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Frequency-response and Distortion Tests 

The overall frequency-response characteristic and harmonic distor-
tion are important factors in judging the performance of broadcast and 
commercial telephone transmitters. A response curve is obtained from 
a plot of output modulation voltage against represf atative frequencies 
within the audio-frequency band. Typical requirements are that the 
response should not deviate from tne ideally flat characteristic by more 
than ±2 db over a band of 30-10,000 c/s for broadcasting or ± 1 db 
over a band of 200-5,000 cis for commercial telephony. The signal 
source used for the test is a tone-frequency generator covering the 
specified frequency band, and adjusted to apply a constant input 
voltage to the first audio-frequency stage. 
Harmonic distortion may be determined with a harmonic analyser, 

which measures the effective voltage of the individual harmonics. 
Alternat 'ely, the percentage total harmonic content may be obtained 
with a distortion factor meter, which measures the r.m.s. value of the 
harmonic voltages. For satisfactory performance the total harmonic 
content should not exceed 4 per cent for broadcasting or 6 per cent for 
commercial telephony. 
Although the harmonic content may be negligibly small, unwanted 

inter-modulation products can still seriously degrade the audio-fre-
quency fidelity. A knowledge of the inter-modulation products is 
often necessary for a broadcast transmitter. This test is mAde by apply-
ing a two-tone input to the modulation chain and measuring the un-
wanted combinations produced in the output on a harmonic analyser 
in the same way as harmonic distortion. 

TRANSMITTER MAINTENANCE 

It is convenient to consider mail tenance under two headings: 
(a) running maintenance, and (b) periodical systematic maintenance. 
Running maintenance consists of keeping a continuous watch on 

the transmitters while in service, making occasional adjustmentb and 
keeping an operational record. In this record entries are made of the 
times of switching on and off, changing frequency and varying the 
power output; readings of anode and grid currents and voltages, 
filament voltages" and power output; and notes of any abnormalities 
and changes in meter readings since they were last recorded. 
Regular systematic maintenance helps to ensure an efficient service 

and forestall possible breakdowns. It is often difficult to organize a 
regular programme where transmitters are in operation for long periods 
of the day and night, but as a general policy a weekly or fortnightly 
routine of inspection and cleaning should be arranged, and a record 
kept of overhauls and replacements. 
The keeping of valve-record sheets is a great help in analysing the 

causes of valve failures and short operational life, and is often a 
condition of the maker's guarantee for large power valves. A record 
sheet is started for each of the larger valves as soon as it has been 
removed from its crate and subjected to an initial test. Entries are 
mach of the initial test figures, the date the valve is put into circuit, its 
position and operating condjtions, the number of hours in service 
(entered weekly or monthly), and finally the date and cause of failure. 
Where guarantees apply, valves with a life below average must be 
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returned to the maker, accompanied by completed record sheets, in 
order to obtain credit. 

Routine Inspection 
Before making a round of inspection and cleaning, switch off the 

isolator and see that smoothing capacitors are fully discharged, as a 
protection against shock. If the isolator is not within sight of the 
apparatus being serviced, or is not interlocked, affix a warning label as a 
saféguard against an unauthorized person switching on in error. 
Remove deposits of dust and dirt from insulators, bushings, air 

dielectric capacitors, coils and relay contacts with a portable blower or a 
brush and cloth. Lubricate control mechanisms and timing devices 
with a little fine oil where necessary, and finish by çleaning and polishing 
panels, plated metal parts and controls with a soft cloth. 

Inspect power-supply equipment, cooling plant and rotary machines 
for visible signs of mechanical defects and charred or defective 
insulation. 
With power switched on, check the meter readings for any deviation 

from normal. Verify that conductors, transformers, reactors, motors 
and contactor coils do not overheat under normal load. Audible mani-
festations are a further aid in diagnosing faults. A change in the 
characteristic rhythm of a motor is often evidence of overloading or 
excessive friction in a bearing. A hissing or crackling noise may be 
caused by brush discharge or intermittent arcing at insulators or between 
high,voltage conductors. 
From time to time sample the oil in oil-filled transformers, reactors 

and circuit-breakers by draining a little from the bottom of the tank, and 
see that it is reasonably free from sludge and moisture. If necessary, 
subject the !sample to a crackle test, and if the moisture content is found 
to e excessive, empty the tank and refill with fresh clean oil. 

Fire Hazards 

Every precaution must be taken to reduce fire risks. Fire-
extinguishing appliances must be in efficient working order. No 
inflammable material must be placed near transmitters, aerial leads or 
oil-filled transformers, and insulating oil should be stored in a separate 
charnier or out-building. Fires are caused by defective insulation, 
overheating, arcing set up between high-voltage conductors and earth, 
and radio-frequency leakage over combustible materials. 

Valve maintenance and Testing 

Large power valves should be stored in suitably designed racks in a 
vertical position, at an even ambient temperature between the limits of 
15° and 35° C., in positions shielded from draughts and strong sunlight. 
When removing them from the rack and transferring them to their 
mountings, they must be handled with care to prevent stress being put 
on the glasswork and glass-to-metal seals, and must not be subjected to 
jerky, irregular movements or rotated in their seatings without first 
relieving the weight. Large, heavy valves are often transported from 
store to mounting position in the transmitter on a specially designed 
carriage to reduce lifting and risk of damage to a minimum. 

Air- and water-cooled valves are tested initially for filament con-
tinuity and vacuum before removing them from their crates. Since 
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some types require a heating current of 100 or 200 amperes, which is 
inconveniently large for a full-scale test, a modified test, known as the 
Pirani test, is carried out at reduced voltage and about 10 per cent of the 
normal heating current. Readings are taken at 5-minute intervals of 
the voltage drop across the filament terminals. When the voltage has 
reached a steady value, it should be within ± 5 per cent of some average 
value specified by the maker. Too high a voltage indicates an open-
circuit in one or more of the parallel wires forming the filament cage; 
too low a voltage indicates that the vacuum is impaired. 
During normal opeation the rated filament voltage must be closely 

adhered to, as a continuous over-voltage of 5 per cent can halve the life 
of a valve. In the interest of obtaining the maximum life, filament 
voltmeters should be checked occasionally with a meter capable of 
measuring voltages to an accuracy of ± 1 per cent. Transmitters 
designed for unattended operation, where the necessary manual adjust-
ments cannot be made, should be equipped with automatic voltage 
regulators or flux-regulating filament transformers. 
The flow of air or water must be applied to cooled anode valves before 

the filaments are switched on, maintained at the specified rate of flow 
during operation, and not removed until the filaments have been switched 
off and allowed time to cool clown. 

Hot-cathode Mercury-vapour Rectifiers 

Hot-cathode mercury-vapour rectifiers contain free metallic mercury 
when cold, and must be stored vertically and handled• so as not to 
disturb the distribution of mercury inside the envelope. Special 
precautions are necessary when putting them into commission. After 
storage or transport, or if they have been out of service for several 
hours, the cathode must be heated at the operating temperature for rt 
least 15 minutes before applying the high-tension voltage, in order to 
volatilize any mercury that may have become attached to the cathode or 
anode. In bperation the heater voltage must be maintained strictly to 
the rated value. If it is allowed to fall by more than 5 per cent of 
the rated voltage, bank bombardment will deactivate the cathode and 
seriously reduce the life of the valve. Wherever voltage fluctuations 
exceed ±5 per cent, it is advisable to install an automatic voltage 
regulator to stabilize the supply voltage well within these limits. 

Frequency Monitoring 

Although the frequency of crystal-controlled transmitters is initially 
preset to a high degree of precision, slow drifts occur with seasonal 
changes of ambient air temperature and ageing of materials, and short-
period variations may result from voltage variations, keying, maladjust-
ments and circuit defects. It is important that any deviation from the 
authorized frequency should be confined to the limits defined by the 
International Radiocommunications Regulations (Atlantic City, 1947) 
by checking the radiated frequency from time to time against a standard 
of reference. 
Three general methods of checking frequency are available: (a) a 

secondary standard, (b) a frequency monitor, and (c) checking with a 
receiving station equipped with a secondary standard. 
A common type of secondary standard is a calibrated heterodyne 

frequency meter adjusted to beat with the transmitted carrier and 
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produce a directly measurable difference frequency. These instruments 
can be maintained to an accuracy of up to ± 1 part in 104 when checked 
regularly against standard frequency transmissions. 

Frequency monitors are commonly employed with broadcasting and 
high-frequency communication transmitters, where the frequency ià 
subject to close tolerances. They consist of a stabilized crystal oscillator 
designed to oscillate at a fixed frequency differing by, say, 1 kc is from 
the carrier frequency. The difference frequency is monitored directly 
on a frequency meter, which provides a continuous indication of any 
divergence from the pre-set value. 
The method of obtaining checks from a receiving station is useful for 

low-power fixed and mobile transmitters, where relatively wide fre-
quency tolerances are permissible. Secondary standards at checking 
stations are compared regularly with standard frequency transmissions. 
These transmissions are broadcast daily at specified hours and fre-
quencies by certain stations in different parts of the world, and are con-
trolled by primary standards based on astronomical data and stabilized 

to a precision of ± 1 part in 107. 

FAULT FINDING 

Transmitters are monitored chiefly by meter readings. The ability 
to translate readings is best acquired from experience of aligning and 
testing, and the preceding notes will serve as a general guide. Circuit 
faults form a subject involving so many variants of circuit design and 
modes of operation, that a detailed survey is not possible in this section. 
The majority of faults, when narrowed down to one or two components, 
can be verified with a multi-range test meter. 

Broadly speaking, there are two ways of checking components: 

(a) by measurements of voltage, voltage drop or current with the 

circuit alive; 
(b) by testing for continuity, short-circuit and low inlulation 

resistance, or checking the values with a test meter or A.C. 'iridge. 

The first is suitable for checking small resistors, capacitors, reactors 
and transformers, if the voltages are not dangerously high. Insulated 
test prods must be used for this purpose, and it is advisable to stand on 
an insulating mat. The second method can be applied to most types of 
components, but in these tests the component must be isolated from the 
circuit to eliminate possible errors introduced by alternative current 

paths. 
The following summary of the faults commonly encountered, and the 

tests that can be applied, will be found useful: 

Fixed and Variable Resistors 

Check the voltage drop with the resistor in circuit. Alternatively, 
test for continuity or measure the resistance with the resistor dis-
connected. Check for intermittent contact in a variable resistor by 
making a continuity test, or measure the resistance between the slider 
and either end of the winding while adjusting the resistance. 
When testing composition resistors, it should be noted that they are 

less stable with time than wire-wound types, and have a negative 
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TABLE 2.—SYMPTOMS OF FAULTS IN RESISTORS 

„Symptom Fault 

Overheating 
No current flow 

Intermittent current flow 
(variable resistors) 

Inadequate ventilation. Overloading. 
Element burnt out. Open-circuit at end 
connector, resulting from electrolytic 
action. 

Faulty contact, caused by excessive wear, 
insufficient contact pressure, dirt or 
corrosion. 

temperature coefficient, which causes the resistance to fall somewhat 
when a voltage is applied. 

Capacitors 

Test for leakage by tapping a milliammeter in series with à D.C. 
source not exceeding the voltage rating across the capacitor. An initial 

TABLE 3.—SYMPTOMS OF FAULTS IN CAPACITORS 

Symptom Fault 

Overheating 
Overheating (electrolytic 
capacitors) 

Overheating (waxed paper 
capacitors) 

Dielectric leakage. 
Disintegration of dielectric film. 
Drying out of dielectric, accompanied by 
excessive leakage current. 

Punctured dielectric, caused by too high a 
voltage or voltage surges when load is 
disconnected or suddenly reduced. 

current surge. falling gradually to zero on making contact, shows that 
the capacitor takes and retains a charge. A steady current reeding 
indicates abnormally low leakage resistance. Absence of a reading 
indicates an open-circuited condition. 
When a voltage is applied to an electrolytic capacitor after a period of 

disuse, the initial leakage current is high, but falls to a normal value of 
1-2 mA/liF after a minute or two, as the anode film reforms. Electro-
lytic capacitors have a definite storage life, and when this is exceeded 
the leakage current cannot be reduced by reforming. 

Power Rectifiers 

Test for capacitor failure as described under Capacitors, arid for 
short-circuited turns or open-circuit in trrinsformer as described under 
Transformers. 

Transformers and Reactors 

Thermometers are usually fitted to oil-filled transformers and 
reactors. The temperature of the oil should never be allowed to exceed 
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TABLE 4.—SYMPTOMS or FAULTS IN POWER RECTIFIERS 

Symptom Fault 

No D.C. voltage 

D.C. voltage low. 

Absence of blue glow 
(mercury vapour recti-
fiers) 

Failure of A.C. supply or primary fuses. 
Operation of overload release, caused by 
flash-over in valve, overloading or break-
down of dielectric in smoothing capacitor. 
Open-circuited transformer winding. 

A.C. supply voltage low. Loss of emission, 
• failure of heat& or de-activated cathode 
in rectifier valve. Short-circuited turns 
in transformer secondary winding, result-
ing from breakdown of insulation. Leaky 
smoothing capacitor. 

Cathode de-activated. Open-circuited 
anode connection. 

TABLE 5.—SYMPTOMS or FAULTS IN TRANSFORMERS AND REACTORS 

Symptom Fault 

Overheating 

No secondary voltage 

Secondary voltage linv 

Overloading. Short-circuited turns in 
winding, due to failure of insulation and 
deterioration of insulating oil. 

Open-circuited winding. No primary 
voltage. 

Overloaded secon dary winding. Short-
circuited turne in winding. Primary 
voltage low. 

75° C. on normal load. If there is an abnormal rise of temperature, 
first check the oil level by the gauge, and if necessary refill the tank to 
the normal level mark. The presence of moisture in the oil is a common 
cause of insulation failures, short-circuited turns and overheating. 
Short-circuited turns reduce the resistance of the winding, but if the 
trouble is not revealed by resistance measurements, remove the trans-
former from its tank and inspect the windings for signs of charred and 
perished insulation. 
An open-circuit is most likely to be caused by the winding burning out 

as a result of heavy overloading. 

Rotary Machines 

Overheated, bearings on a normal load run will quickly make the 
bearing run dry and seize up. Check the oil level in the reservoir or 
grease in the grease-cups, and see that oil rings revolve freely. 

Test the insulation resistance between windings and frame. If it 
is less than 1 Mû, test each coil separately. If caused by excessive 
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TABLE 6.—SYMPTOMS OF FAULTS IN ROTARY MACHINES 

Symptom Fault 

Overheated bearings 

Overheated winding and 
slow running (motors) 

Overheated windings 
(generators) 

Poor commutation and 
overheated commutator 

Low insulation resistance 
of windings 

Failure to start (motors) 

Absence of output voltage 
(generators) 

Excessive friction, due to defective balls or 
rollers or deficiency of lubricant. 

Mechanical overloading. Short-circuited 
turns, due to breakdown of insulatioi.. 
Single phasing (in three-phase induction 
motor) due to one of the three supply fuses 
failing. 

Electrical overload ing. Short-circuited 
turns, due to breakdown of insulation. 

Excessive brush pressure and friction. In-
sufficient pressure or worn brushes, 
accompanied by sparking. 

Excessive dampness when machine is in-
stalled in a damp position or has been'out 
of service for some time. 

Failure of supply or fuses. Faulty starter. 
Burnt-out turns in winding. Faulty 
connector, caused by excessive vibration. 

Burnt-out turns in winding. Faulty con-
nector, caused by excessive vibration. 

dampness, dry out by placing a lamp or low-wattage heater near the 
windings. If the condition persists, inspect the windings carefully for 
defective insulation. 
The temperature rise of windings in open-type machines must not 

be allowed to exceed 72° F. during normal running. It is usually im-
possible to measure the temperature rise directly with a thermometer, 
but it is easily determined by measuring the increase of resistance of the 
windings. The temperature rise in ° C. corresponding to a percentage 
resistance increase r is approximately equal to 2.5r for copper. 

Short-circuited turns can be confirmed by measuring the resistanèe of 
the winding or by exciting it at reduced voltage for a short period, and 
observing which coil »overheats or shows signs of smoking. An open-
circuited winding is easily detected by making a continuity test with a 
test meter or a test lamp and battery. 

If a commutator overheats, check that the brush pressure is correct 
and wear is not excessive. If necessary readjust or renew the brushes. 
Clean worn or groc ved commutators with fine emery cloth, or in severe 
cases with an abrasive block. 

Contactors and Relays 
Before checking and adjusting contactors and relays, switch off the 

power supply. If it is necessary to make adjustments with the circuits 
energized, use tools with insulated handles to avoid tisk of shock. 

See that the armature pulls in and drops out freely when operated by 
hand and when the coil is energized. Adjust multi-pole contacts to close 
and open simultaneously, and equalize the spring tension if necessary. 
If noise and chatter is excessive, check the adjustments of the main 
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TABLE 7.—SYMPTOMS or FAULTS IN CONTACTORS AND RELAYS 

Symptom Fault 

Overheating of control 
coil 

Excessive noise and 
chatter 

Armature fails to drop 
out 

Excessive voltage. Excessive friction or 
tension in main or buffer springs. 

Incorrect settings. Maladjustment of 
springs. Dust or dirt on pole faces of 
A.C. contactors. 

Excessive friction. Deficient tension in 
main springs. Misalignment. 

and buffer springs and contact gaps. Inspect securing screws and grub 
screws for tightness. Verify that mercury switch tubes are securely 
clamped and accurately balanced. 

Contacts should be cleaned with a fine-cut file or emery cloth only 
when deep pitting has occurred, and finished with a metal burnishing 
Nt rip. A certain amount of oxidation will not seriously affect operation. 
High-resistance contacts may overheat. The contact resistance must 
he low compared with the circuit impedance, and may be checked by 
tapping a millivOltmeter across the contacts with the normal current 
flowing and dividing the reading by the current. Delayed-action 
contacts should be timed periodically with a stop-watch. Pivots, cam 
and clutch mechanisms should be inspected and lubricated occasionally 
with small quantities of clock oil. 

TABLE 8.—AVERAGE FAILURES AND RECOMMENDED QUANTITIES 
OF SPARE COMPONENTS 

Type of Component 

Average 
Percentage 
of Total 
Failures 

Minimum 
Percentage 
Number pf 
Spares of 
Each Type 

Valves, receiver type . 
Valves, glass power type . 
Valves, cooled-anode type . 
Indicator lamps, medium-voltage, 

incandescent . .. .  Indicator lamps, low-voltage, 

incandescent . . . 
Resistors, low-voltage, fixed 
Resistors, small variable 
Capacitors, electrolyt ic 
Capacitors, small mica 
Small dry rectifiers . 
Porcelain insulators . 
Small relays . . 
Indicating meters . 
Miscellaneous . . 

25 
12 
6 

15 
• 
12 
3 
4 
5 
2 
3 
1 
2 
2 

500-800 
200-300 

200 

500 

250 
200 
200 
200 
100 
100 
100 
100 

50-100 
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Replacements 

An adequate stock of valves, components and consumable materials 
must be maintained for replacements and emergencies. The stock list 
should be checked ami amended regularly and deficiencies made good. 
The quantity of consumable spares, such as valves, is based on the 

number of each type in use and the average operational life. Spare 
components whose life is limited only by the possibility of accidental 
lamage and mechanical or electrical breakdown, such as insulators, are 
ietermined from the quantity of each type in use and the yearly average 
percentage breakages. By far the most frequent failures, and the 
heaviest item of operational costs, are valves. Small receiver types 
have an average life expectancy of 8,000-10,000 hours; glass power 
valves 10,000-12,000 hours; cooled-anode transmitting valves 12,000-
15,000 hours. The figures on which life guarantees are, based are 
naturally much lower. 
The probability of failure of components depends on the loading, care 

in handling and regular servicing. The percentage of the total failures 
for each type of component varies, of course, with the proportions of 
each type in a given installation. Typical average figures for a high. 
power installation, and the suggested quantity of spares for one year's 
working, on the basis of a 12-hour working day, are given in Table 8. 
There should be a minimum of one spare of each type of component, 

with a few exceptions. If, for example, the equipment includes two 
milliammeters, one scaled 0-100 and the other 0-200 mA, a single 
common spare scaled 0-200 may serve temporarily in either position. 
The same consideration can be given to resistors of equal resistance but 
different wattage or sinall fixed capacitors of equal capacitance but 
different voltage rating. 

MOBILE INSTALLATIONS 

Mobile installations may be divided into two general groups: The 
first includes light equipment which can be accommodated under the 
dashboard or in the boot of a car. The second comprises bulky and 
heavy equipment, which must be installed in heavy-duty vehicles. 
Widespread use is made of light, mobile V.H.F. transmitter-receiverit 

rated up to 15 watts carrier power to maintain two-way communica-
tion between moving vehicles or with a fixed headquarters station, 
notably for police, ambulance, fire-fighting and taxi services. 
In the heavy-duty class the installations of chief interest are: medium-

power transmitters for long-range communication, used by' the Services, 
Civil Defence and expeditions; outside broadcast, television and 
" Roving Eye" units, equipped for relaying outside events; test 
transmitters-and field-strength measuring equipment for site 'prospect-
ing; ruler and demonstration units. Before reviewing the principles 
governing the different types of installation it will be useful to consider 
briefly the equipment of this type of vehicle. 

'Constructional Features 

In accordance with orthodox practice, the body is built on a framing 
of ash, welded mild steel or aluminium-alloy sections, enclosed by sheet 
steel or aluminium panels, and secured to the chassis by U-bolts, rein-
forced by hardwood blocks.' The lining .is plywood, hardboard or 
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Formica, the space between the lining and outer panels being filled with 
insulating material. 

Racks, benches and cupboards are laid out so as to give easy access 
to the equipment for operation and servicing, and avoid obstructing 
doors or interfering with natural lighting from windows. Spares 
testing instruments and tools are stowed in lockers, cupboards, shelves 
or drawers, and must be firmly secured to prevent them jolting or 
breaking loose. Robust catches are fitted to doors, cupboards and 
drawers to prevent them opening when the vehicle is in motion. Stirrup 
or folding steps give access to the main door. A fixed or detachable 
ladder, stowed under the chassis or inside, is provided when riecessories 
or a cat-walk are to be accommodated on the roof. 

Vehicles are ventilated by louvres or grilles, but where the heat 
dissipated by the radio equipment exceeds about I kW, natural ventila-
tion is supplemented by exhaust fans, equipped with weather shields 
to prevent the ingress of rain and snow. Hinged or detachable side 
panels are often fitted to power-plant vehicles to give the maximum 
possible ventilation. 

Installation 
As a first step in planning a mobile installation, it is important to 

note that : 

(1) The rated carrying load of the vehicle must on no account be 
exceeded. 

(2) Equipment must be arranged to distribute the load uniformly 
on the chassis, the centre of gravity falling as net.rly as practicable 
midway between the front and back axles and the sides. Any 
out-of-balance load should preferably be biased to the off-side to 
counteract the effect of road camber. 

(3) The overall dimensions of the body, including demountable 
equipment stowed or attached outside, must not exceed those 
permitted by the statutory regulations. 

Fixed equipment liable to resonate mechanically or suffer from the 
effects of vibration is installed on anti-vibration mounts, rigidly fixed to 
the chassis, floor or bench. Light floor-mounted units may be fastened 
to the wood floor-boards, but heavy items must be bolted through to the 
chassis. Where the fixing centres do not correspond with the structural 
members, steel angles or channels are bolted across the chassis in suit-
able positions to provide the required fixing centres. Items to be 
fixed to walls or ceiling should be screwed to battens fitted between the 
ribs of the body structure, and not superficially to the lining panels. 
Economy in space is important. " Forward-drive " vehicles give 

maximum accommodation space in the body. Cubicles and racks 
designed for front access only occupy least floor space, as they can be 
ranged against the sides of the vehicle with a central gangway between, 
whereas units with both front and back access require a minimum clear 
space 2 ft. wide back and front. Further space may be saved by the use 
of folding chairs and tables. When folded away, these items must be 
made captive by means of clamps or straps. 

Essential accessories include CO2-type fire extinguishers, placed in 
accessible positions for an emergency, and a panel-mounted or cabin 
clock for keeping operational records. 
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The more comprehensive type of installation, which includes power. 
generating plant, masts and aerials for external erection, is often 
accommodated in a train of vehicles equipped with a telephonic inter-
communication system. Masts, aerials, R.F. feeders, power-supplv 
and signalling cables for interconnection must be capable of being 
rapidly dismantled for stowage when the vehicle is mobile, and quickly 
reassembled for operation. To assist assembly the component paris 
should have distinctive identification and location marks. 

Electrical Equipment a Vehicles 
Except for very low-power, battery-operated equipment, power is 

derived from A.C. supply mains, when available, with or without a 
stand-by engine-alternator, or solély from an engine-alternator. If the 
total load does not exceed 5 kVA, one phase or phase and neutral of a 
three-phase supply system may be used, but for higher loading it is 
advisable to take power at three-phase to avoid excessive unbalance of 
the phase loading. 
Wiring and fuse protection should conform to the I.E.E. Regulations 

for the Electrical Equipment of Buildings, in as far as they apply. 
The mains isolator and fuses must be placed in an accessible position. 
and a kWh meter may be fitted to meter the mains supply. With dual 
supply a changeover switch or separate plug-and-socket connections are 
necessary for changing to mains or generator. Distribution facilities 
usually include a main switch-fuse for the radio-equipment, with 
branch ways if necessary, and an independent switch and distribution 
fuses for lighting, heating and ventilation. The use of miniature 
circuit-breakers in place of fuses has much to commend it. It is 
sometimes an advantage to feed lights, heaters, fans and bench sockets 
from a ring circuit. 
Wiring can be run behind panels, under floor-boards or secured by 

cleats to wood battens screwed to the framework, the cleats being 
sufficiently closely spaced to prevent fracture tinder stress 6f vibration. 
Sheaths, metal conduits and casing must be bonded to the vehicle earth 
system, continuity being maintained through joints by bonding strips. 
The radio equipment is most conveniently illuminated by semi 

recessed incandescent lamps with diffusers or strip lights in the ceiling 
or well panels, and benches by adjustable bracket lamps. Sockets for 
tools and inspection lamps may be fitted to work-benches and in other 
convenient positions. It is usual to supplement the A.C. lighting by 
D.C. battery lighting on a separate distribution system, for use when the 
vehicle is mobile. Shielded tubular heaters are commonly installed. 
but heating from the engine is sometimes employed when in transit. 
To facilitate rapid connection and disconnection of external power 

supply, signalling and radio-frequency cables, waterproof plugs and 
sockets, fitted with captive screw caps are placed in an accessible 
position under the .body or behind a hinged cover in the side panels. 
These cables are wound either on removable drums stowed in a rear 
compartment or on drums designed to spin on a fixed frame. 
The earth system normally consists of a copper continuity strip con-

nected to a substantial earth bolt fitted to the nearside of the chassis. 
All metal parts of the frame are bonded together, and metal cabinets, 
racks and containers are connbcted to the continuity strip. An earth 
stake and flexible lead are provided for connecting the earth terminal 
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to ground w ten the vehicle is parked. An independent earth system or 
counterpoise may be required when an external mast and aerial system 
have to be erected. 

Mobile High-frequency and Medium-frequency Transmitters 

This class of installation is used for long-distance telegraphic and/or 
telephonic communication. Low-power transmitters rated up to 500 
watts radio-frequency output, with associated power-supply plant are 
commonly installed in a light-duty vehicle on a 14- or 2-ton chassis. 
Power is supplied either by a rotary transformer energized by the vehicle 
battery or a petrol engine generator, with optional facilities for a supply 
from external A.C. mains. Small engine-generators may be fitted in a 
separate compartment or furnished with carrying handles for off-loading 
by means of a portable ramp when the vehicle is stationary. The trans-
mitter, sometimes combined with a receiver, may be bench or floor 
mounted; or the receiver, together with signalling key, automatic 
sender, recording apparatus and/or a telephone hand-set may be 
mounted separately on a bench. 
Medium-power transmitters delivering up to 10 kW radio-frequency, 

with a power-distribution unit and monitoring apparatus will usually 
fully occupy a 5-10-ton vehicle. A comprehensive two-way high-speed 
telegraphic communication system might require a convoy of four 
vehicles, comprising a transmitting station, a receiving station with 
central-telegraph-office facilities, a power-generating unit and an 
auxiliary unit, conveying masts, aerials, cable drums and other acces-
sories. 
There are many possible variants, which it is impossible to review 

here. Apart from the need for a compact layout and special attention 
to the load distribution on the chassis, the specifications follow, in 
general, well-established practice for fixed stations. 

Mobile V.H.F. Stations 
V.H.F. transmitter-receivers are housed m compact screening cases 

on shock absorbers, designed for installation in the boot of a car. For 
convenience of operation, a remote-control unit, loudspeaker and hand 
microphone are fitted separately under the dashboard or near the rear 
seats, and connected to the main equipment through a multi-core cable. 
A quarter-wave whip .aerial on a flexible mount, which is less liable to 
damage from overhead obstructions when the ear is mobile, is fitted to 
the roof or in front of the driving-position. A flexible co-axial cable 
connects the aerial to the transmitter-receiver, and a change-over 
relay, controlled by a pressel switch in the hand-set transfers the Serial 
and H.T. supply connections from the receiver to the transmitt er wnen 
speaking. 
A selective calling device is sometimes incorporated, by means of 

which a pre-selected tone is made to modulate the fiked transmitter 
and permit any one of a number of mobile units to be called without 
disturbing the others. The received tone frequency is fed through a 
sharply tuned filter, which rejects tones of other than the assigned fre-
quency. It is then rectified to produce a biasing voltage on the grid of 
a control valve, which actuates a sensitive relay. 

Normally, the audio-frequency stage of the receiver is inoperative 
until a call is received, but on receipt of a call of the correct frequency, 
the relay contacts switch on the audio-frequency stage and simul-
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FIG. 7.—TYPICAL MOBILE V.H.F.. A.M., TRANSMITTER/RECEIVER. 

taneously ring a bell. Once the call has been made and the carrier is 
received, the receiver remains operativo until the carrier is switched off, 
when the receiver again becomes quiescent. Fig. 7 shows the circuit 
arrangement of a typical V.H.F. transmitter-receiver in block schematic 
form. 
Equipments rated up to 5 watts are designed for operation from a 

standard 12-volt car battery and a rotary transformer or vibrator con-
verter. Transmitters of higher rating generally require a larger-
capacity battery and a special heavy-duty charging dynamo. 

Mobile Radar Units 

Mobile radar installations follow the practice revic.usly described 
for the heavier types of radio equipment. Like television units, these 
vehicles are generally air-conditioned and the windows are equipped 
with shutters or blinds to improve the viewing of radar displays in 
semi-darkness.. 

W. E. P. - 
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42. MEASUREMENT OF NOISE FACTOR 

The advent of the thermionic valve made it possible, in principle, to 
increase the sensitivity of radio receivers without limit merely by 
cascading the required number of amplifying stages. It was soon 
found, however, that an upper limit to the useful sensitivity was set by 
spontaneous fluctuations of voltage or current in the valves and circuits 
of the receiver. In the early days of radio these fluctuations were 
nearly always observed by listening to the output of the receiver, and 
hence became known as " noise ". The random moyernent of electrons 
under the influence of heat, for example, sets up oscillations in. the 
circuits of an amplifier; these in turn interfere with the wanted signal, 
so that unless this is sufficiently strong compared with the " noise " 
its information content will be reduced or obliterated, regardless of the 
amount of amplification employed. 

Noise is generated not only in the receiver but also in the aerial 
system. If the receiver noise can be made negligible compared with 
that picked up by or generated in the aerial, there is little point in 
further improvement of the receiver. Aerial noise therefore provides 
the appropriate yardstick for assessing the " goodness " of the receiver, 
and this state of affairs has been formalized by the introduction of the 
noise-factor concept. 
The sensitivity of a receiver is normally meesured with the aid of a 

" dummy aerial '. This should simulate as closely as possible the 
impedance Z of the aerial from which the receiver is designed to work, 
but for the purpose of noise-factor measurement it is usually sufficient 
to represent the aerial by a resistance R. For complete generality, 
however, Z should be expressed in the form R ± j X, where both R 
and X are functions of frequency. 

Across the terminals of any resistance R at temperature T° (absolute) 
there exists a noise voltage given, for the open-circuit condition, by 

= V(4kTBR) . . (1) 

where V is the r.m.s. noise voltage, k is Bolzmann's Constant, equal to 
l - 37 x 10-0 joulesr C., and B is the energy-band-width (in cycles) 
over which the noise is integrated by the device used for measuring it. 
This formula, due to Nyquist, is often written more conveniently in the 
form 

= 172,4R = kTB . . . (2) 

where is the " available noise power ", i.e., the power which the 
resistance, regarded as a generator of noise, would deliver into a matched 
load R. 
The aerial noise level, as given by these expressions, clearly sets a 

limit to the useful sensitivity of the receiver but, owing to additional 
noisé generated in the receiver itself, this limit is never quite reached in 
practice. 

Receiver noise, like aerial noise, is proportional to band-width, and 
42-z 
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may therefore be taken into account by assuming an appropriate 
increase AT in the effective " temperature " of the aerial. The noise 
factor N is then the power ratio (T AT)/T, end represents the 
number of times by which the required input signal power for any given 
signal-to-noise ratio is increased as a result of noise generated in the 
receiver; it therefore provides for any specified value of T a realistic 
measure of the " badness " of a receiver, assuming, of course, that the 
gain is sufficient to ensure that noise is the limiting factor. 
The noise-factor concept may be applied either to part or the wnote 

of a receiver, and it is common to define the noise-factor of any linear 
network as the signal-to-noise power ratio at the input divided by that 
at the output. The equivalent, though less familiar, form of definition 
used above has been chosen, as it helps to emphasize the principles of 
the preferred methods of noise-factor measurement, in which the 
" temperature " of the source is increased by a known amount and N 
is computed from the effect this has on the noise output of the receiver; 
thus if the receiver is linear and the noise-output power is doubled, it 
follows that the known added noise power must be equal to T + AT: 
hence knowing T it is a simple matter to evaluate N = (T AT)/T. 
The added temperature may be either an increase of actual temperature 
or, for example, an apparent increase obtained by passing the anode 
current of a saturated diode through R, and it will be noticed that noise-
factor measurements made in this way are independent of band-width. 
- Under the normal conditions of measurement in the laboratory T 

is usually in the region of 290-300°, and it is therefore usual, in defining 
noise-factor, to specify a temperature in this region, although the 
" equivalent noise temperature" of the actual aerial may be very 
different. Difficulties may arise when high accuracy is required and the. 
laboratory temperature differs from the specified temperature, since, 
although a change of T could be easily allowed for, AT may itself be 
dœlle unknown function of T; for most purposes, however, these effects 
are not of practical importance. 
Many different devices may be used for indicating the noise output 

from the receiver. It is often stated that the output must be measured 
" before the second detector ", but any device may be used which gives 
a reading proportional (or related in some known way) to the noise 
power averaged over the required band-width, usually thtit of the 
circuits preceding the second detector, the noise-factor being then known 
as the " full-band noise-factor ". In some cases, however, the " single-
frequency noise factor" may be of greater interest; this is the noise 
factor observed when the indicator is preceded by a narrow-lx ad filter 
tuned to any desired frequency within the overall pass-band, but as a 
rule it does not differ very greatly from the full-band noise factor unless 
the overall band-width is very large. In this case difficulties are liable 
to arise not only in the measurement of noise factor but also in its 
definition and interpretstion; this is because. (for example) the aerial 
can no longer be represented by a single-valued resistance, and noise 
contributions from various sources are not only amplified by different 
amounts but integrated over different band-widths. Complications 
also arise in the case of non-linear (e.g., crystal-video and super-regenera-
tive) receivers. The following sections have been simplified by assum-
ing conventional linear receivers with band-widths up to and including 
those normally employed in radar and television, and caution should be 
exercised in applying the methods and formulte to other cases. 
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Hot Noise Sources 

The most obvious method of measuring noise factor is to raise the 
temperature T' of the dummy aerial by a known amount and observe 
the number of times (m) by which this increases the receiver-noise 
power level. We then have the relation 

(T' àT) = tn(T AT) 

whence we find that 

(3) 

For this purpose the dummy aerial may consist of a lamp fed from an 
A.C. or D.C. source through radio-frequency chokes' Alternatively, 
it may be a suitably designed resistance heated in an oven, and lengths 
of waveguide loaded with tapered polyiron wedges have been used in 
this way at wavelengths of 1-3 cm.* 
As compared with diode noise sources, hot sources are inconvenient 

to use and produce much less noise power; moreover, the effective 
temperature of a hot wire is difficult to measure accurately, since correc-
tions have to be made for end-cooling effects, and the arrangement is 
inflexible, since R usually varies with the temperature, which must 
therefore be fixed at the appropriate value. For these reasons hot 
sources are now rarely used, but they have some merit as laboratory 
standards at frequencies too high for accurate measurements to be made 
with noise-diodes, particularly when employed in conjunction with the 
technique described later under " Measurements of Very Small Noise 
Incrementa ", which enables quite small incremental temperatures to 
be used. 

The Noise Diode 

Any thermionic device may in principle be used as a source of noise, 
but there is usually a space-charge present which exerts a considerable 
" smoothing " action on the noise. In the case of a diode operated at a 
sufficiently high anode voltage, however, all the available electrons are 
attracted to the anode, there is no space charge, and the noise current 
flowing in the anode circuit is given accurately by 

2elB . (4) 

where I is the D.C. current flowing and e is th—e—charge on an electron. 
If this current flows through a resistance B the noise power available 
et the terminals of the resistance, due to the current, will be elBRI2. 
If I is adjusted (by varying the filament current and hence the supply of 
electrons) so that the total noise power is doubled, we have 

eIBRI2 = k(T AT)13 

N -= (T -FàT)IT = IR.el2kT . • (6) 

By, making T = 290°, which is typical of normal room temperatures, 
we obtain for el2kT the convenient value of 20. In other words, we 
may write, to an accuracy sufficient for most purposes, 

N = 20IR . • (6) 

where I is measured in amperes and R in ohms. 

Hence 
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Diodes with oxide-coated cathodes normally operate under conditions 
in which the flow of anode current is limited by the space-charge, and 
they tend to be unsatisfactory under temperature-limited conditions. 
It is advisable to use diodes with pure tungsten filaments, although 
thoriated filaments have been used successfully. 
The circuit arrangements of typical noise sources 3 using the CV172 

diode are shown in Fig. 1, and Fig. 2 illustrates the general form of the 
characteristics. The rated maximum anode current of the CV172 is 
30 mA, although the writer .has frequently used currents up to 80 or 
100 mA for brief periods. An anode voltage of 100 is adequate to ensure 
saturation at currents up to 100 mA. Higher voltages increase the 
dissipation, and therefore the risk of valve tailure at high currents. 

In using noise diodes, errors can arise in the following ways: 
(a) The anode impedance (dIldV) is in shunt with the resistance R, 

and this may reduce the noise output appreciably with large values of 
R and I. The effect may be estimated from the slope (dV Idl) of the 
diode characteristic at the working point; thus in a typical case (CV172) 
at I = 30 mA, dl IdV -= 20,000 ohms and the error, if uncorrected, will 
be about 5 per cent (i.e., 0.2 db) if R = 1,000 ohms. 

(6) Transit-time Effects.—These set an upper limit to the frequency 
for useful operation, and .1s this limit is approdehed it becomes necessary 
to apply correction factori; these have been calculated for the case of 
cylindrical diodes intended for use at micro-waves.* 

FIG. 2.—VARIATION OF DIODE CHARAC-
. TERISTIdS WITH FILAMENT VOLTAGE. 
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L v 

FIG. • 3.—NOISE-DIODE EQUIVALENT 
CIRCUIT ILLUSTRATING EPPECT OP 
LEAD INDUCTANCE AND INTER-ELEC-

TRODE CAPACITANCE. 

In most cases, however, an earlier limit is set by the capacitance and 
inductance effects discussed below. A simple way of checking that 
transit-time effects are negligible is to raise the anode voltage, which 
should (in the absence of such effects) have a negligible effect on the 
noise output. 

(c) Lead-inductance and Inter-electrode Capacitance.—These combine 
to introduce errors at high frequencies, in accordance with the equivalent 
circuit, Fig. 3; thus at the resonant frequency of Ls, and C., the noise. 
output is multiplied by Q2 where Q = In the case of the CV172, 
provided reasonable care is taken with the wiring, the error should be 
negligible up to at least 100 Mc is. In one particular case at 210 Mc /s, 
with R = 40 ohms, the noise factor as measured with the CV172 was 
optimistic by about 2 db, but the error became negligible after doing 
away with the valve-holder, a screening can which had been placed over 
the valve, and the metal baseplate of the valve. The upper frequency 
limit for the CV172, subject to these precautions, is in the region of 
300 Meis for less than 1 db error. 

(d) The value of R is generally measured with D.C. and assumed to 
be the same at radio frequency. This is usually justifiable with small 
carbon or composition resistors having the values normally used in 
noise-factor measurements, but errors may be appreciable if values 
greater than a few hundred ohms are used at several hundred 
megacycles. 

Specially constructed noise diodes 4 have been used at frequencies of 
3,000 Mc is and above, but, being difficult to make, fell into disfavour 
with the advent of fluorescent-tube noise sources, which have proved 
simpler and more reliable. These havé the limitation that they require 
to be mounted in waveguides, and are therefore inconvenient r use at 
frequencies lower than 3,000 Mc /s. 
The range from 300-3,000 Mcis has received relatively little attention 

as regards the development of noise sources. 
It is possible to derive a known amount of high-frequency noise from 

a lower-frequency diode source by means of a mixer, applying the 
reciprocity principle as described rater under " Generation of Radio-
frequency Noise Power from an Intermediate-frequency Source!' 

Fluorescent-tube Noise Sources 

An ordinary commercial fluorescent tube may be mounted across a 
waveguide in such a way that energy fed into the guide is almost entirely 
absorbed in the discharge. This arrangement can be thought of as a 
" resistance ", more or less matched to the guide, and at a temperature 
in the region of the electron temperature of the gas. • Such a device 
can be used as a " hot" noise source, and possesses important 
advantages over the " solid " hot sources described earlier; thus very 
little heat is generded, and yet the effective temperature is relatively 
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FIG. 4.—SIMPLINIED DRAWING OF FLUORE,4CENT -TC1tE NOISE SOURCE. 

Angle O should be as small as possible. Tube is mounted centrally, I.e., In a plane 
parallel to, and half-way between the narrow faces of the guid‘ The metal tubes 
act as chokes, preventing the escape of radio-frequency energy. Main supply is con-
nected to a, '. 

high, nearly independent of current and capable el being rapidly 
switched. 

It is usual to mount the tube in the E-plane, as shown in Fig. 4, the 
angle O being made as small as pcissible. In this way an attenuation of 
20 db or more can easily be obtained through the discharge; with 
standing-wave ratios better than 0.9. H-plane mounts have been used, 
but are not quite so good, and have the disadvantage of producing more 
reflection when the tube is cold. Measurements are made by turning on 
the supply to the tube and obse ving the effect this has on the receiver-
noise output, and since the noise level of a " good " receiver is appreci-
ably dependent on radio-freqn. -icy matching, any difference of snatch 
between tho " hot " and " colu conditions will be a possible source of 

error. 
Errors may also be caused by low-frequency oscillations such as are 

frequently present in tubes of this type. Those oscillations do not 
affect the temperature directly, but may modulate the value of 
impedance presented to the guide, and this in turn can affect the mixer 
in various ways. Such oscillations can be suppressed by using gas 
mixtures, as in some commercial lamps containing argon and mercury, 
and their micro-wave effects can be reduced by any measure which 
increases the plasma density, e.g., increasing the current or gas pressure, 
or using an inert gas of greater atomic weight. Since these measures 
increase the attenuation through the device they also help to prevent 
errors due to reflections from beyond the device, but with the E-plane 
mount, and except with abnormally low pressures and ourrents, errors 
from all these causes are likely to be fairly small. 

In addition to commercial fluorescent lamps, argon-filled tubes are i 
often usud. The noise level is usually taken n both cases as 15.5 ,I1, 
above room-temperature noise over the entire micio-wave range, this 
figure being about 1 db below the calculated and measured electron 
temperatures. Noise factor may therefore be computed from Equa-
tion (3) putting T = 10,500°. Variations between lamps of the same 
type are mostly fairly. small fractions of a decibel, and the variations. 
of any given lamp during its life are even loss, but there-is still some lack 
of general agreement about the absolute level, and the reader would 
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perhaps be well-advised to 
assume a possible error of at 
least ± 05 db in the figure 

s. quoted. 
CONCENTRIC 

LINE OUTPUT Other Noise Sources 

Both klystrons and crystals 
have often been found useful 

RESISTANCE FOR as noise sources for compare-
FOR ADJUSTING tive noise-factor measurements, 
NOISE OUTPUT although unsuitable as absolute 

standards. Klystrons may be 
connected as shown in Fig. 5 

HEATER and the anode current adjusted 
TRANSFORMER to a convenient value by varia-

nce. 5.— ,YPICAL Ciscurr op NOISE tion of either anode voltage or 
KLYSTRON. heater current, the noise-output 

power being proportional to 
current for small currents up to, say, 2 mA. The noise level obtainable 
at 2 mA may be of the order of 300 kTB, but, since the cavity is in 
general fairly selective, this device is unsuitable for measurements on 
very wide-band receivers. 
A crystal for use as à noise source may be mounted in any convenient 

holder, e.g., a spare mixer assembly coupled to the receiver under test 
through a suitable matching transformer, and energized by a D.C. 
current of 2-4 mA in the reverse direction. Noise temperatures of the 
order of 3,000° are readily obtainable; considerably higher temperatures 
may be obtained with partially " burnt-out " crystals, but these tend 
to be rather unstable. 

Measurement Techniques Using Noise Sources 

The concept of noise factor is restricted to linear systems, and it is 
often stated that the output noise must therefore be " measured before 
the detector ". This is a useful convention for purposea of definition, - 
but does not exclude the possibility of using the detector, either on its 
own or in conjunction with subsequent circuitry, as the measuring 
device. There are divergences of opinion as to the best form of indi-
cating device, and some workers replace the second detector of the 
receiver by thermocouples or bolometers; apart from their incon-
venience, such devices tend to be sluggish in operation, and this can lead. 
to errors due to changes of gain during the measurement. The majority 
of receivers employ diode detectors, which normally provide a linear 
relation between input-noise voltage and rectified current for voltages of 
the order of 0.5 V. up to some value determined by overloading of the 
preceding intermediate-frequency stages. It ie usually a simple matter 
to connect a milliarnmeter or microammeter (depending on the load 
resistance) in series with the load, and an increase of i,/2 times in the 
meter reading then curresponds to a doubling of the noise power. 
Doubling the meter reading implies a four-fold increase of noise power, 
so that in this case the added noise power is three times as great, and the 
noise-diode current or temperature increment must be divided by three 
before applying the appropriate formula. It is a simple matter to check 
whether the linear-law holds, since, if it does, measurements made at 
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these two levels will agree. In the writer's experience departures 
from linearity have always been due to one of the following causes: 

(a) Excessive diode standing-current /0. It is advisable to use 
a working level not less than about 4 I. 

(b) Attempts to correct for the standing current by subtracting 
it. Correction is unnecessary if condition (a) is satisfied. 

(c) Non-linearity of preceding circuits. 
(d) Insufficient input signal. 
(e) Meter errors. 

If the above test indicates non-linearity, it may be worth-while to 
repeat it at a higher or lower gain setting. 

Square-law detectors present no difficulty, the rectified current being 
proportional to the total power input. A silicon crystal operating at 
low level (rectified current <5 µA) is a convenient form of square-law 
detector, and may be made up as a probe-type voltmeter. Such a volt-
meter may be applied directly to an intermediate-frequency circuit, 
the effect of this on the circuit being equivalent to a load of -10,000 ohms 
of so, which, though it appreciably restricts the general scope of the 
instrument, does not interfere with its use for noise-factor measurement; 
care must be taken, however, not to damage the crystal by excessive 
voltages or switching surges. Germanium diodes may also be used; 
these are more robust, and in general load the circuit less heavily, but 
may have a significant effect on tuning. 

It is not essential for the detector to be either linear or square-law, 
as the following ingenious procedure enables any law to be used; 
the receiver gain is adjusted to give a convenient meter reading M, 
due to (T + AT) alone. On raising T to T' (or adjusting. the noise-
diode current to a value I,) we obtain a reading M,. The gain is now 
turned down so that the reading is again /1/1, and T' is then increased to 
a value T" (or noise diode current to 12) such that the reading is again 
1112. We now have the obvious relation: 

(T' AT)/(T + AT) (T" AT)/(T' + AT) , 

Knowing T, T' and T" we may therefore evaluate AT, and hence N 
from Equation (3). 

This procedure requires relatively large and easily adjustable noise 
powers, conditions drhieh tend to re.itrict it to the case of diode-noise 
sources, for which we obtain the relation 

'R 20/ N  20112R  

I, 211 
• (7) 

in place of equation (6). 
Similar procedures may be used for measuring the equivalent noise 

temperatures of T. of an actual aerial; we first observe the output noise 
with the aerial connected, and then replace the aerial by the equivalent 
resistance R in conjunction with a noise diode, which is adjusted to a 
current I, such that the noise level is the same as before. We then have 
the relation 

— T = 20 IR.T 

T. -= (20 IR ± 1)T (8) e., 
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Note that in this case it is not necessary to know the detector law. 
If T, is too large to measure in this way, it may be reduced to any 
desired extent by inserting attenuation between the aerial and the 
receiver, subject to the appropriate correction. 

Measurement of Noise Factor using C.W. Signal Generators 

If a known signal power, P, = m.k(T AT)B is made av :lable 
from the dummy aerial by means of a C.W. signal generator, we nave 
the relation 

N = (T -F T)/T • (9) 

The presence of P, increases the output pow,: of the receiver by (m 1) 
times, so that by observing m we may evaluate N, provided the energy 
band-width B is known. 
To determine B it is necessary to plot the power input P to the second 

detector as a function of frequency (f) for a constant available power 
from the signal generator. If P, is the on-tune value of P we have the 
relation 

B =-1 P° 'df 
P, 

Disadvantages of this method, in ache ition to the need for evaluation 
of the integral, are : (a) the difficulty of measuring P. accurately; 
(b) effects of signal-generator leakage, which, even though smaller than 
the direct power, can cause relatively large errors by combining in or 
out of phase with it; (e) the detector, unless square law, must be re-
placed by a power-measuring device, owing to the difference in wave-
form between the noise and the test signal, which makes it inaccurate to 
use a comparison of (for example) mean vulues as a measure of the 
relative powers. 

Generation of Radio-frequency Noise Power from an Intermediate-
frequency Source 

This may be done 7 by means of a mixer as shown ir Fig. 6. 
The first diode works into a load R in the usual way, and the second 

diode has as its load the ineermediate-frequency output impedance R. 
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Fla. 6.—USE or M IXER FOR Owriininvii M ICRO-WAVE NOISE PROM AN 
INTERMEDIATE-FREQUENCY sonnes. 
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MODULATOR OUTPUT INDICATOR 
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FIG. 7.—SKETCH SHOWING APPLICATION OF DICKE METHOD TO THE 

MEASUREMENT OF RECEIVER SENSITIVITY. 

of the mixer in the receiver. ,If I, /3 are the first and second diode 
currents for identical deflections of the output meter, and if the mixers 
are carefully matched, we have 

20/,R,L.,L2 = 

where L is the conversion loss of each mixer. L„ and R. being 
measurable, we can evaluate L and hence, if I doubles the noise output 
(i.b:, m ---- 2), 

N = 2011R/LL,, . . (10) 

This assumes the reciprocity principle, i.e., that the conversion gain 
of a mixer from radio frequency to intermediate frequency is the same 
as from intermediate frequency to radio frequency, which has been 
reasonably well established for silicon mixer crystals. The two local 
oscillators are tuned to opposite sides of the signal frequency. The 
input circuit of the first mixer should be tuned to the intermediate 
frequency, or alternatively a rejector circuit used to eliminate noise at 
three times the intermediate frequency, as this results in an image. 
frequency component at radio frequency. L. should be at least 12 db, 
and it will usually be necessary to work with fairly small values of m, e.g., 
in the region of 1.4-2, unless an amplifier is used after the noise source. 

may be measured in various ways. One method is to substitute 
known resistances for the crystal; variation of resistance usually affects 
the receiver output voltage when an intermediate-frequency signal is 
loosely cdupled (e.g., through a small capacitance) into the input circuit, 
and a calibration curve may be drawn accordingly. 

Measurements of Very Small Noise Increments 

If noise is integrated over a wide band-width B, for a relatively long 
period t, the result is a steady D.C. voltage V with a small residual 
r.m.s. fluctuation of the order' of VVtB. Practical values of t and B 
are 10 seconds and 10 Mc is respectively, so that the residual fluctuation 
is only of the order of 1 part in 10,000, and an incremental noise voltage 
of this order of magnitude should be perceptible, i.e., in terms of 
Equation (3) the lowest possible •,alue of m becomes 1.0002. In 
practical cases a residual fluctuation of this order would be completely 
swamped" by the effect of variations of receiver gain, flicker noise, 

etc. This difficulty may be overcome by a method due to R. H. Dicke,° 
which in effect employs a much smaller value of t but achieves an 
equivalent result by averaging a large number of observations (Fig. 7). 
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The incremental noise is switched on and off at, say, 30 cis, and the 
resulting modulation of the receiver output is detected by applying â 
in the same phase to each of a pair of diodes having a common load 
resistance. A relatively large .30-cis voltage synchronized with the 
switch is applied to the same two diodes but in opposite phases, so 
that there is no residual load current unless the receiver output contains 
a voltage which is phase-correlated with the switching waveform, in 
which case it increases the rectified current of one diode and reduces that 
of the other. This detector is followed by an integrator having a time 
constant of several seconds. With this method, using an intermediate-
frequency band-Width of 16 Mc /a and a meter time-constant of 
2.5 seconds. Dicke has been able to aetect micro-wave source temper-
ature changes of 0.5° C., so that an incremental temperature of only a 
few degrees should in principle suffice for reasonably accurate noise-
factor measurements. Errors are liable to be introduced, however, 
owing to the difficulty of maintaining identical matching conditions 
for both positions of the switch, and hence the temperature change 
should be as large as possible. 

This technique has hitherto been employed mainly ar measurement 
of aerial temperatures. 

Direct-reading Noise-factor Meters 9 

Instruments have been described for giving a direct reading of the 
relative noise factors of, for example, mixer crystals. 
The noise source is modulated and an automatic-gain-control system 

holds the noise output of the receiver at the peak of the modulation 
cycle constant at some predetermined level. The worse thereceiver, the 
less the effect of the modulation on the total noise-output level, and 
therefore the less the difference between the peak level (which is con-
stant) and the trough. An A.C. voltmeter reading the modulation-
frequency component of the receiver output may therefore be calibrated 
in terms of noise factor. 

References 

1 E. H. IILLRICH and D. C. ROGERS, J.I.E.E., Vol. 93, Part IIIA, No. 1, 
p. 233. 

• " Microwave Measurements ", M.I.T. Series. 
• L. A. Moxorr, " Noise Factor ", Wireless World, January 1947, p. 11. 
' B. J. KOMPFNER, et al., J.I.E.E., Vol. 93, Part IIIA, No. 1, p. 225. 
• W . W . MIIMFORD, "A Broad-Band Microwave Noise So, rce", 

B.S.T.J., October 1949. 
o H. Joirmort and K. R. DEREMER, " Gaseous-Discharge S.H.F. 

Sources ", Proc. August 1951. 
1 L. A. Moxorr, " The Applica4on of I.F. Noise Sources to the Mea ure-

ment of NIMBO Figure, etc., in Microwave Receivers ", Proc. 1.1.E., 
Vol. 37, December 1949, p. 1433. 

• R. H. DICKE, Rev. Sci. Instrunt., Vol. 17, July 1946, p. 268. 
9 L. A. G. DRESEL, L. A. MoxoN and E. E. Scinutimm, J. Sci. Inst., Vol. 

25, September 1948, p. 295.. 
L. A. M. 



43. PROJECTION TELEVISION SYSTEMS 

PAGE 

PICTURE QUALITY AND SYSTEMS . 2 

THE SCHMIDT OPTICAL SYSTEMS . 4 

CATHODE-RAY TUBES FOR PROJECTION 
SYSTEMS . . . . . . . 5 

CIRCUITRY 0 9 

ADJUSTMENT OF DOMESTIC PROJECTION 
UNITS. . 18 

THEATRE TELEVISION SYSTEMS 18 

43-1 



43. PROJECTION TELEVISION SYSTEMS 

The difficulties in manufacturing large cathode-ray tubes at an 
economic price led to the development of projection systems in which a 
small-diameter cathode-ray tube gives a brilliant picture, which is then 
passed through a suitable optical system on to a large screen. In prac-
tice three main types may be distinguished: 

(1) THE BACK PROJECTION SYSTEM for domestic receivers, in which 
the optical unit is situated behind the screen, the latter being of ground 
glass or some other suitable translucent material. This method was 
used in the Philips and a number of other manufacturers' large-screen 
projection sets. 

(2) THE FRONT PROJECTION SYSTEM for domestic receivers. In 
this case the screen is separate from the receiver unit, and ail optical 
System is used to project the enlarged picture on a screen of high 
reflective power suspended on a wall directly facing the lens of the 
. receiver. • This was the system employed in the Decca and Philips large-
screen front-projection receivers. 

(3) LARGE-SCREEN PROJECTION suitable for cinerhas and theatres. 
This employs the ordinary Schmidt optical system, whereas systems 1 
and 2 employ the Schmidt " folded optical" system using plane 
reflecting mirrors. 
The manufacture of projection receivers is- now confined largely to 

special markets, such as schools and clubs, very few sets now being made 
for the domestic market. 
The main objective of most projection receivers is to produce a 

large picture which is at least as acceptable as a smaller direct-viewing 
one. This may not be the cese with larger systems intended for 
cinemas or other public showing, where the necessity for satisfying a 
large number of patrons simultaneously may to spine extent override 
the ideal of technical perfection. The following remarks are therefore 
more applicable to viewing with the smaller projection receivers. 
The quality of the final picture is first affected by the small cathode-

ray tubes used, in so far as difficulties may be encountered in providing 
the required resolution and contrast at the high brightness which is 
necessary at the tube face. The optical system then has its effect. 
In place of a lens it is now more usual to employ a version of the Schmidt 
camera originally designed for astronomical use. The small cathode-
ray-tube face is placed at the centre of a spherical mirror, and the dis-
tortions which necessarily occur in the reflected beam of light are 
compensated by a corrector plate of special shape placed in its path. 
In order to make the system compact, the light path is frequently folded 
by means of a plane mirror set at 45° to the axis of the beam, the 
cathode-ray-tube face projecting through a hole in the centre. This 
mirror also obscures the rather bulky scanning yoke from the light beam, 
as it would otherwise reduce the aperture considerably. An effective 
f/No. of about 0.7 may be obtained with this system, and it is therefore 
an efficient way of imaging the small cathode-ray-tube picture on to a 
larger screen. Each system is designed for a definite optical-path 

43-2 



PROJECTION TELEVISION SYSTEMS 43-3 

kngth, and hence the distance from the screen is fixed. Many sets are 
constructed with a self-contained screen, which is therefore fixed in its 
proper position, while other sets having separate screens are provided 
with means for making the necessary adjustment in distance. Despite 
the complication and possible sources of degradation introduced by 
those optical arrangements, it is stated that they are more than adequate 
for the reproduction of a 625-line picture, so that they should easily cope 
with the B.B.C.'s 405-line transmissions. 
Another influence on picture quality is the projection screen itself. 

Reflecting screens for front projection vary from simple white flats to 
screens with special curvature and surface which reflect most of the 
available light in and around a preferred direction, giving the maximum 
brightness over a small field of view. - Most self-contained receivers use 
back projection with translucent plastic screens, and for the purpose of 
providing a uniformly bright picture over as wide an angle as possible 
the screen surfaces are frequently ruled with straight or circular lines 
so as to form a multiple lens of the Fresnel type. It has already 
been mentioned that spot wobbling may be a great asset in projection 
sets where the cathode-ray-tube screen loading is high, and it is some-
what surprising that it is not more generally used, especially when it is 
remembered that the visual processes demand better quality from large 
pictures than from small ones. 
The questions of ambient illumination and contrast need reconsidera-

tion with projection sets. On one hand, it is generally true to say that 
the maximum brightness attainable with good quality is lower than with 
a direct-viewing set. The contrast also is usually lower due to the 
combined effects of the small cathode-ray tube, the optical system and 
the special screen. On the other hand, as there is no specular reflection 
from the screens, the room lights and windows do not appear as images 
on the picture. With a translucent screen too, some of the stray light 
which reaches it passes through and is mostly lost from view, so that it 
can be said that projection sets are perhaps less sensitive to the effects 
of ambient illumination and stray lights than direct-viewing receivers. 
Whilst it is therefore apparent that direct viéwing and projection tele-
vision pictures may not look precisely equal in all respects, it is possible 
for the physical and psychological factors affecting the quality to be so 
interchanged that the two appear equally attractive. 
The advantages of a projection receiver over its directly viewed 

counterpart may be summarized as follows: 

(1) The replacement cost of the tubo is small. 
(2) The screen is perfectly flat. 
(3) There is no danger from implosion of the tube. 
(4) Larger pictures are possible. 
(5) The projected picture has good blacks, which gives good 

contrast without excessive luminance. 
(6) There is almost complete absence of deflection-defocusing, 

because of the small angle of deflection. 

Its disadvantages are: 

(I) The cost of the optical equipment. 
(2) More skilled maintenance and setting up are required. 
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FIG. 1.—BASIC PRINCIPLE OP THE SCHMIDT OPTICAL 
SYSTEM. 

The spherical mirror is the main focusing element. 

(3) More difficult to repair because of the optical equipment, 
and the tube-protection circuit, which outs off the spot if the time-
base fails. This makes diagnosis more difficult. 

For very large-screen pictures, a directly viewed tube is, of course, not 
technically possible. 

THE SCFiMIDT OPTICAL SYSTEMS 

It will be appreciated from the above that the two important items 
in any system of projection television are the special type of cathode-ray 
tube employed and the optical projection system. 

(1) THE DIRECT SYSTEM. The Schmidt optical system is shown 
in its simplest form in Fig. 1, in which figure it will be seen that light 
from an object in the focal plane of the mirror is reflected back through 
a correcting plate or lens, the purpose of which is to eliminate spherical 
aberration. 

Fig. 2 shows how this principle can be applied in a television pro-
jection unit. From this it will be seen that the high-intensity tube is 
arranged co-axially with the spherical mirror, the position of the tube 
along the axis being adjusted during practical tests. The light emitted 
from the fluorescent screen of the cathode-ray tube is reflected by this 
mirror, and passes through the correcting plate or lens on to the screen 
of the television receiver.. The hole at the centre of the mirror serves a 
double purpose. First, if the mirror had no aperture, most of the light 
falling on the centre portion would be reflected back on to the face of the 
projection tube, with a consequent blurring of the image. Secondly, 
the aperture allows for the air cooling of the tube face, should this be 
found desirable with high-intensity tubes. 

AIR—COOLED 
SCREEN 

FIG. 2.— Scusurer OPTICAL SYSTEM APPLIED TO PROJECTION 
TELEVISION. 
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FIG. 3.—Tax SCHMIDT " FOLDED OPTICAL" SYSTEM. 

(2) TILE " FOLDED" SYSTEM. In the " folded" version of the 
Schmidt optical system, which is shown in Fig. 3, the cathode-ray 
tube C projects through a central aperture in a mirror E, which is 
inclined at an angle of 45° to the axis of the spherical reflector. The 
inclined mirror E catches the light from the spherical reflector and 
directs it through the correcting lens X on to a second plane mirror G, 
from which it is again reflected on to the projection screP., 

CATHODE-RAY TUBES FOR PROJECTION SYSTEMS 

Tubes for Large-screen Projection 

The projection tubes used for large-screen television equipment 
have an anode voltage of 50-80 kV. The average beam current is 
1-2 mA with a ,>eak value of 15 mA, the cut-off and drive voltages 
being respectively minus 500 and plus 400 volte. A high-frequency 
vertical oscillatory motion is imparted to the beam to produce " spot-
wobbling ", as it has been found that this increases the brightness of the 
picture and eliminates field line structure. The diameter of the face 
of the tube is 9 in., and the outer surface of the tube face is cooled by a 
current of air blown through the centre aperture of the spherical mirror. 
A magnetic focusing coil is used; the deflection system also employs 
magnetic coils. An eight-pole magnetic field is used for correcting 
pin-cushion distortion of the picture. 

Tubes for Smaller Projection Receivers 

Those receivers employing the folded optical system use a smaller 
picture tube generally having a screen diameter of 2f in. The following 
notes apply to the Mullard type MW6-2, which is designed to operate 
at an anode voltage of 25 kV. At a beam current of 100 µA, the spot 
size is 170 p. (0.0068 in.). The tube is quite conservatively rated and 



43-6 RADIO AND TELEVISION REFERENCE BOOK 

can, if p.ricessary, pass higher peak cui rents. The spot site is then 
somewhat increased, with the consequent reduction in picture definition, 
but, as this current corresponds to ,peak white, slight loss of definition 
can be tolerated. The design of the electrode assembly is, of course, 
governed mainly by the consideration of beam size. The requirements 
are that the beam must be of such dimensions as to produce a spot of 
the required diameter, yet not so concentrated that mutual repulsion 
of the electrons produces blurring of the spot. Further, the beam at its 
widest diameter must be small enough to keep the electrons well clear 
of the tube walls and the anode when fully deflected. Finally, the 
1,01, curve must be sufficiently steep to allow the tube to be driven by a 
normal video-output valve. 

Cathode 

Hefner 

Grid Spark UGC, 

forthed Conduct ,n9 
' Anode Outer Cooling 

inselotor for 
Extending the 
Leakage Path 
Between Anode 
4311fItClOr Ond 
•orthed coat-

ing 

Lornan.sceni 
Screen 

FIG. 4.—SECTIONAL DRAWING OF THE MULLARD MW6-2 CATHODE-RAY TUBE 
FOR PROJECTION TELEVISION. 

A sectional drawing of the tube is reproduced in Fig. 4. A spark 
trap, consisting of a ring-shaped electrode, is situated between the grid 
and tho anode, and is connected to one of the base pins, which should, 
in turn, be connected to chassis. Any discharge which might occur, 
due, for example, to the release of a small amount of r^s as the result r 
unintentional overload, will take place between the anode and the spaià 
trap, thus avoiding damage to the cathode. 
The external surface of the neck and cone is coated witii a graphite 

preparation, and must be earthed. This coating, with the glass envelope 
and the internal metallizing of the tube, forms a capacitance of approxi-
mately 450 pF, which, with a 1M resistor in the 25 kV lead, serves as the 
final smoothing for the E.H.T. supply. 
The most conspicuous external feature of the tube is the glass shield 

surrounding the anode terminal. This shield obviates risk of flash-
over or leakage between the E.H.T. connection and the deflection coils 
or the graphite coating. 
The luminescent screen is backed by a metallic coating. The metal 

used is aluminium, which has the necessary high optical reflectivity and 
also a low atomic weight to permit easy penetration by the electron 
beam. The thickness of the layer is in the order of 0-4 a. The metal is 
evaporated within the tube by conventional methods, and is deposited 
as a thin film on the rear surface of the screen and on the flare of the 
tube, to which has previously been applied a thin layer of nitro-cellulose 
to provide an even surface. 
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The metal-backed screen has many advantages. In the first place, 
the metal coating reflects outwards a large proportion of the emitted 
light, which would otherwise be directed to the rear of the tub. The 
increase in the output of forward-going light due to this feature is, under 
correct operating conditions, as much as 75-80 per cent. The metal 
backing also eliminates the internal reflections and screen irradiation 
which would otherwise result from the light directed towards the rear 
of the tube. Picture contrast is therefore considerably enhanced. 
Finally, the metallic film serves as an effective ion trap, as the negative 
ions, which would otherwise ultimately be responsible for ruining the 
screen, are not able to pass through the film. 
The tube face is made from a special type of glass which is free from 

the discoloration so often occurring in tubes after a long period of opera-
tion at anode voltages above some 15 kV. This discoloration, which 
ranges in colour between purple, brown and black according to the type 
of glass, appears over the area on which the raster is formed, and is 
mainly due to the generation of soft X-rays resulting from the bombard-
ment of the screen by the high-velocity electron beam. 
The glass face of the tube is formed, by pressing, to the required 

convex radius to suit the restricted depth of focus of the Schmidt 
optical system, and this radius is controlled to a very high degree of 
accuracy. 

Tube Data 

Heater. This tube is suitable for series operation. 

. 6.3 volts 
. . 0.3 amperes 

When the heater of the MW6-2 is used in a series heater chain a 
current-limiting device may be necessary in the circuit to ensure that 
the surge voltage across the tube heater does not exceed the rated 
limiting value of 9.5 volts r.m.s. when the supply is switched on. 

Mounting Position. The tube may be mounted in any position 
except screen downward within a cone with a top angle of 100°. 

Capacitances. 

ceall • 6.3 pF 
Ck- all • 6.3 pF 

450 pF 
M indicates external conductive coating. 

Screen Properties. 

Colour . . . White 
Colour temperature . . . 6,500° K. 
Maximum useful screen diameter . 57.5 mm. 

Magnetic Focusing. The number of ampere-turns required for 
focusing is approximately 920 at V. = 25 kV and with an air gap of 
11-13 min. in the magnetic circuit at the end nearer the screen. 
The inner diameter of the focus coil should be 27.5 nun., and pro-

vision should be made for adjusting the axis of the coil °veilr a range of 
2.5-3° in both the horizontal and vertical directions to alit)* for picture 
centring. • 
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Double Magnetic Deflection. 
Deflection angle 38° 

0.3P.L.a. 
Deflection sensitivity  V-17 cm./gauss 

; 

where P = length from centre of deflection coils to screen in cm. ; 
V. = anode potential in volts; 
L -= length of the electron path through the field of the deflec-

tion coila in cm.; 
a = correction factor , which depends upon the shape of the 

coils and the field strength, and is normally about 0.5. 

Typical Operating Conditions. 
V. 25 kV 

150 ¡IA 
vd,i,u,k) excluding synchronizing pulses . . 65 volts 
• V for beam out-off . . . — 40 to — 90 volts 

Spark trap must be at earth potential. 

In order to keep the dissipation of the phosphor and the tube face 
within safe limits the raster area should not be less than 14 sq. cm. 

Permanent-magnet Focusing. In special circumstances it may seem 
advantageous to employ permanent-magnet focusing in projection 
receivers. Owing, however, to the difficulties then experienced in 
ensuring adequate protection to the tube on switching off and also in 
the event of time-base failure, no standard equipment with the feature 
nas been introduced. 

Deflection-coil Data. 

Line-deflection coil: 
Inductance . 3-24 m11 
Resistance . . . . 4.4 ohms 
leak-to-peak deflection current for 

full dean . . . . 825 inA 
Frame deflection coil: 
Inductance . . 4.0 mll 
Resistance . . . . 12-2 ohm ± 10 per cent 
Peak-to-peak deflection current for 

full scan . . . . 500 mA 

Tube Protection and Compensation for Pin-cushion Distortion 
It is essential that means be provided for the instantaneous removal of 

the beam current in the event of failure of either one or both of the time. 
bases. Unless such a safety device is incorporated, a failure of this type 
will result in the immediate destruction of the cathode-ray-tube screen. 
An ).ptical system incorporating a spherical mirror introduces a 

certain degree of pin-cushion distortion, which, in the Milliard projection 
television system, is compensated in the design of the deflection coils. 

X-ray Protection 

It has been recommended that in circumstances under which the 
whole body may be exposed, over an indefinite period, to X- or gamma. 
radiation of quantum energy less than 3 MeV the maximum permissible 

The direct value of grid bias must not be allowed to become positive with 
respect to the cathode. 
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FIG 5. --VIDEO OUTPUT STAGE USING EF80. • 
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dose received by the surface of the body should be 0.5 róntgen in any 
one week. Only when the tube is outside the projection unit is a dosage 
rate of this order exceeded. For the purpose of normal adjustment, 
centring, etc., when it is necessary to view the tube outside an optical 
unit, the tube should be operated at the minimuln brightness consistent 
with examination of the picture. No protection against X-rays is then 
necessary. 
With the tube in the projection unit the highest rate of X-ray radiation 

• is only about one quarter of the maximum permissible, while with the 
projection unit fitted in the plywood case the highest radiation rate is 
about 1/40 of the maximum permissible and at distances of 1 ft. or 
more from the cabinet it is never greater than 1/100 of the maximum 
permissible and in most directions is less than 1/1000 of this value. 

Should it be desired, however, to operate the tube at full brightness 
outside an optical unit, the use of a lead-glass shield is recommended. 
The location and dimensions of the shield should be such as to interrupt 
the X-rays between the tube and the observer. The equivalent lead 
thickness of the shield must not be less than 0.5 mm. This precaution 
is desirable in the region within 40-in, of the tube screen. 

CIRCUITRY 

When it is intended to incorporate a projection unit in a television 
receiver, there are several points in the circuit and general design which 
should be borne in mind. 

Video Drive 

By using cathode compensation, it is possible to use an EF80 R.F. 
pentode in projection video stages quite satisfactorily. A suitable 
circuit is shown in Fig. 5. This circuit has a high-value cathode bias 
resistor (820 ohms) and a high value of anode load ( 13,500 ohms). 
With this load resistance a current swing of only 6.3 mA is required 
for 85 volts output, and this arrangement can be used because of the 
high feed-back factor provided by the cathode resistor. 
The ideal cathode resistance for feed-back purposes is a little too 
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6.—VIDEO OU1PUT STAGE 
USING l'1.83 

high for bias purposes, and a correcting positive bias (0.9 volt) is applied 
to the grid through resistor R6. The demodulator, also shown in 
Fig. 5, is biased by this small potential, and this clips the tips of the 

synchronizing pulses. 
The potential drop across the anode load under quiescent conditions 

is approximately 55 volts, and the maximum swing from the H.T. line 
may therefore be in excess of 155 volts. For this reason the anode 
must be fed from an H.T. lino of at least 275-300 volts, 'and preferably 

350 volts. 
The video stage shown in Fig.• 5 has a gain of approximately 11.5, 

so that the last R.F. stage and demodulator must be capable of delivering 
at least 10 volts peak-to-pcak to the videb stage. 
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FIG. 7.—FRAME TIME-BASE GENERATOR CIRCUIT. 



PROJECTION TELEVISION SYSTEMS 

52 
33 
KO 

R22 
21 

526 
470K0 
t$% 526 

2200 
C17 tiO• 
0-02 2W 
F 

VS 
PLOI 
Le' 

CL1  

350V 

R29 
7W 

0 POINT .C. 
IN PROTi-Clitil 

CIRCUIT 

530 I LINE 
1.2K0 ISCSNNING 
I2W I COILS 

CIS 

rl 
ITO POINT Et  IN PROTECTIVE 
CIRCUIT 

Fm. T1ME-BASE GENERATOR Cracurr. 

Video Drive Using PL83 
Where it is required to take full advantage of the rating of the 

MW6-2 projection picture tube and the improvement in spot-size at 
zero bias, a video stage capable of a greater output voltage than that 
obtainable with Eyso may be desirable. A suitable circuit using PL83 

is shown in Fig. 6. 
The cut-off limits for the MW6-2 tube are —40 and —90 volts. In 

order to cope with the highest cut-off value, the required peak-to-peak 
signal, assuming 30 per cent sr.3hronizing ratio, will be 129 volt". To 
allow for all tolerances, a nominal output of 150 volts has been assumed 
in the circuit calculation. 

Frame Time-base Generator 
The frame-deflection coils require approximately 500 mA peak-to-

euak for full deflection, and have a resistance of 12.2 ohms. 
A suitable circuit for frame scanning, using an ECL80 triode-pentode, 

a silicon-iron-cored blocking oscillator transformer *Ind a 25.5: 1 
output transformer, is shown in Fig. 7. 
Tho circuit has ample reserve of scan, and draws a total current of 

13 mA only from the 350-volt H.R.T. line. 
Indications of the currents and potentials appearing in the circuit 

aro also given in Fig. 7. 

Line Time-base Generator 
The line-deflection coils require 825 mA peak-to-peak to scan fully, 

and have an inductance of 3.24 
A projection .receiver employing the Mullard 25 kV E.H.T. unit nor-

mally has a 350-volt H.T. line available for the line time-base, and there 
is therefore little advantage in employing an energy-recovery system. 
A suitable circuit employing the triode section of an ECL80 as 

blocking oscillator and a PL81 as output valve is shown in Fig. 8. 
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A 

FIG. 9.—PROTECTIVE CIRCUIT 
FOR USE IN CONJUNCTION WITH 
A VIDEO OUTPUT STAGE USING 

AN EF80. 

Protective Circuits 

• If either of the time-base units should become inoperative, the high. 
velocity electron would destroy the screen surface along a line which 
would be horizontal or vertical according to which time-base was out of 
action. Means must therefore be provided to cut off the beam in the 
event of the failure of either or both the time-base units. A circuit 
possessing all the necessary characteristics would be very complex, and 
it is therefore necessary to make some compromise. The circuit shown 
in Fig. 9 has the advantage of simplicity and also has the essential 
characteristics. 
The voltage appearing at the anode- of the frame-output valve 

(Point A in Fig. 9) is taken via a capacitor-resistor coupling to one 
diode anode (VGA) of the double diode V6, type EB91. A potential of 
approximately 90 volts positive to the chassis is obtained across resistor 
R35. 
The end of the line-deflection coils at which the flyback pulse is 

positive-going (Point B in Fig. 9) is connected via a limiting resistor R32 
to the second anode (V6B) of V6, and a steady potential of at least 
150 volts is produced across resistors R33 and R34. R33 is the bright-
ness control, and its slider is connected to the picture-tube grid via 
resistor R36. This sets the grid of the picture tube over a range of 
potentials suitable for a brightness control when the cathode of the 
picture tube is taken to the anode of the-video valve as shown in Fig. 5. 

If the frame circuit fails, the potential at all points on the chain R33 
and R34 falls by 90 volts—sufficient to cut off the picture tube. 
Similarly, if the line circuit fails, the total voltage across R33, R34 and 
R35 falls by 150 volts, and the proportional change at the grid of the 
picture tube is again sufficient to cut off the tube. 

This circuit is suitable for use in the video stage employing an EF80. 
It does not, however, provide adequate protection with a video stage 
employing a PL83. This is due to the lower mean anode potential of 
the PL83, and also to the greater video-drive voltage applied to the 
cathode-ray tube. For this reason the circuit shown in Fig. 10 has been 
devised. ' 

In this circuit the end of the line-deflector coils at which the flyback 
pulse is positive-going is connected to the anode of the diode VIA via 
a limiting resistor R1 and coupling components Cl and R5. The 
positive, rectified output from the diode cathode is utilized by the 
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FIG. 10. —PROTECTIVE CIRCUIT 
FOR USE IN CONJUNCTION WITH A 
VIDEO OUTPUT STAGE USING A 

PL83. 
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brightness control R6, which supplies the grid potential of the picture 
tube. Thus, a failure of the line time-base biases the picture tube 
beyond cut off. The coupling components Cl and R5 are included to 
ensure that a waveform with a mean component negative to earth 
appears at the anode of the diode VIA. This mean potential is applied, 
via the smoothing components R2, R4 and C4, to the suppressor grid of 
the video valve. In the absence of any other applied potential, the 
anode current of the video valve is then cut off and the picture tube, 
having its cathode connected directly to the anode of the video valve, 
receives no signal and assumes the positive potential corresponding to 
that of the H.T. supply. The beatn is therefore out off. 

H.T. Power Supply Unit 

The requirements of the E.H.T. unit in large measure determine the 
designof the H.T. power-supply unit in a projection television receiver. 
The E.H.T. unit must be supplied at 350 volts from a source having a 

resistance of between 250 and 550 ohms. It will draw from 25 to 
55 mA, according to the picture content. 

E.H.T. Unit 

Production of a 25-kV supply direct from the normal 50 cis mains is 
uneconomic by reason of the large physical dimensions and weight of 
such a unit and its high cost—particularly the cost of insulation. In 
addition, the unit would be inherently capable of a much greater output 
than the few hundred microamperes required for the cathode-ray tube, 
so that operation at supply frequencies would involve considerable 
danger to life. 
The pulsed oscillator system has therefore been widely adopted, and a 

compact unit is achieved, for instance in the Mullard unit, by the use of a 
ferroximbe transformer core and miniature rectifier tubes. Funda-
mentally the unit comprises a blocking oscillator, a driver valve capable 
of withstanding high peak anode voltages and a cascade voltage tripler 
rectifier circuit. 

In the circuit, Fig. II, the first valve, an EBC33, is a double diode triode, 
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Ithe triode portion of which is connected as a blocking oscillator. The 
voltage on the capacitor of the R.C. network rises exponentially until 
the short-circuit pulse from the EBC33 discharges it rapidly, and the 
cycle repeats. The resulting voltage, which has an approximately saw. 
tooth waveform, is applied to the grid of the driver valve, an EL38. 

This valve is biased well below cut-off, so that anode current flows 
during only a part of the saw-tooth input cycle. On cessation of anode 
current the energy stored in the inductive component of the ariode 
circuit causes the circuit to " ring" at a frequency determined by the 
inductance of the anode circuit tuned by all the stray capacitance. In 
the equipment described this frequency is of the order of 25 kc/s. 
The peak value of the oscillatory voltage can be derived from the 

energy equation. 

= ¡C„ Va2 . • (1) 

where Lo = inductance in anodo circuit 
io =. instantaneous value of anode current at the moment of 

interruption; 
C, = total stray capacitance, including that of the valve; 
V, = peak value of output voltage. 

From the above equation: 

r• 
V 0 =- 10 \LE; . • (2) 
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and substituting practical values (i, = 100 mA; L. = 0.5 H and 
C, = 50 pF) the peak voltage is: 

V, = 0.1\I50 x 10-'1 -= 10,000 volts 
0-5  

The interruption frequency is given by the formula: 

L = L.4 
° St aT 

Whence 
a V, 

fo = 47. 

where A =  1 = interruption frequency; 

•• ( 3) 

. (4) 

a = anode current pulse ratio; 
V. = permissible anode voltage drop. 

Substituting practical values (a = 0.2; L. = 0-5H ; ioo mA and 
V. = 250 volts), the interruption frequency is: 

— 250 0-2 — 1,000 c/s 

The peaks of the dampei oscillatory wave trains produced by the 
driver stage are available for rectification and smoothing to form the 
E.H.T. supply. The maximum voltage, as calculated from formula (2) 
above, is however, sowewhat limited, as it is impossible to reduce C, 
to much below 50 pF, while j, is restricted by the valve used to about 
120 mA, and there are practical limitations to the physical dimensions of 
the inductor L., particularly where a very compact power unit is desired. 
The circuit is therefore designed to generate a voltage in the order of ' 

8-9 kV, which is applied to a three-stage voltage tripler rectifying circuit 
of conventional design using three EY51 half-wave rectifiers and pro-
ducing a rectified output at 25 kV. 

It is essential that the E.H.T. power unit for a projection television 
system has good voltage regulation over the opel fing range of beam 
current. Normally, good regulation demands a supply unit of low 
internal resistance, but it can be shown that, in a unit of the type 
described, the internal resistance is inversely proportional to the input 
power, and since the output power required is small, low internal 
resistance could be achieved only at very considerable sacrifice of overall 
efficiency. 
The problem of voltage regulation has, however, been solved in a 

simple manner by automatic regulation of the biasing voltage applied to 
the grid of the driver valve. 
An additional winding is 'provided on the " ringing " transformer, 

and the voltage induced in this winding is rectified by the diode secticitt 
of the EBC33 and is then fed via a filter network as grid bias to the 
driver valve. 
As a result of this feature, the regulation of the E.H.T. unit is very 

good for outputs up to about 250 µA, after which it falls «off rapidly. 
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Should, however, the control circuit fail for any reason, the 
voltage will be free to rise to over 30 kV, resulting in contraction of the 
picture and possible flashover. 

ALJUSTMENT OF DOIYIESTIC PROMOTION UNITS 

Projection Television Focusing 

In a direct-viewing television receiver focusing is a matter of adjusting 
the current through the focusing coil or, in the case of permanent. 
magnet focusing, adjusting the permanent magnet on the neck of the 
tube. In projection television, however, in addition to accurate 
focusing of the picture on the face of the cathode-ray tube, it is necessary 
to adjust the position of the face of the tube with respect to the spherical 
mirror to ensure that the picture is accurately focused on the viewing 
screen. Focusing a projection television receiver should preferably be 
carried out while a test pattern is being transmitted. It can, however, 
be done when no signal is available, the imago thon consisting only of 
the scanning lines. 

If the picture is hopelessly out of focus the normal electrical focus 
control must first be adjusted, but if it is found that a strip of picture is 
already in correct focus, only the, mechanical adjustment described 
below need be made. 
Note that these instructions, and Fig. 13, refer to a picture which 

.emerges from the corrector lens with the scanning lines parallel to the 
axis of the tube. In some receivers the lines may be at some other 
angle. This will result in the strip of picture which is in focus being 

12.—ADJIISTHENTS FOR MRCRANICAL FOCUSING. 
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PIG. 13.—SucoEssivis STAGES IN MECHANICAL FOCUSING 
The shaded area represents the strip of picture in focus. 

A 

at a different angle from that shown in Fig. 13, but does 
not affect the method of adjustment. 1] 

[  (b) Slacken the knurled lock-nuts of screws 61, 62 and 

(a) Remove the red locking plate from the front of 
the optical unit by withdrawing four screws, see Fig. 12. 8  

63. 
(c) Turn screw 61 to one extremity of its travel. This 

results in a narrow strip of picture only being in focus 
(see " A ", Fig. 13) if the raster is correctly focused on c   
the face of the cathode-ray tube. If a strip of picture 
is already in correct focus on the viewing screen, opera-
tion (c) may not be necessary. 

(d) Turn screws 62 and 63 simultaneously in the same direction until 
the strip of picture which is in focus passes through the exact centre of 
the picture (see " B "). 

(e) Turn screws 62 and 63 in opposite direction., until the strip of 
picture which is in focus is both central and vertical (see " 0 "). 

(f) Adjust screw 61 until the strip of picture which is in fooue widens 
and ultimately covers the whole picture area, and adjust for best resulte. 

(g) Tighten the knurled lock-nuts of screws 61, 62 and 63. 
(h) Do not replace the red looking plate, as this may throw the focus 

out of adjustment. The locking plate with its four screws should, how. 
ever, be preserved for use if the receiver has to be sent away for service. 

Blocking Oscillator Frequency 

The power delivered to the filaments of .the three EY51 rectifiers in 
the B.H.T. can is governed by the repetition frequency of the blocking 
oscillator. In order to avoid over-running or under-running the fila-
ments, therefore, the blocking oscillator frequency must be kept 
between the stated limits. 
Adjustment of this frequency shruld be necessary only when a 

frequency-determining element such 
as the blocking oscillator transformer 
T I is replaced. 

Small variations from the specified 
value can be corrected by replacing ci 
or R2 with components of different 
value. If, however, the frequency 
departs considerably from the correct 
value, the cause will most probably be 
a defective blocking oscillator trans-
former. 
• When replacing this transformer it 
should be noted that the winding with 
the lower resistance is connected in the 
grid circuit of VI (EBC33). 
The frequency of the blocking oscilla-

tor can be measured with a cathode-
ray oscilloscope in conjunction with an 
accurately calibrated A.F. generator. 
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The Y deflection terminal of the oscilloscope should be loosely coupled 
to the E.H.T. unit; usually a wire connected to the Y deflection terminal 
and brought close to the E.H.T. unit will pick up sufficient energy for a 
reasonable vertical deflection. 
The horizontal deflection can be obtained from the A.F. generator. 

The frequency of the A.F. generator should be adjusted until a steady 
Lissajou's figure similar to that represented in Fig. 14 is obtained. 
This should occur at a frequency of between 930 and 1100 cis. If the 
A.F. oscillator frequency is outside these limits, Cl or R2 must be 
replaced with components of suitable value. 

THEATRE TELEVISION SYSTEMS 

There are two basically different ways of providing the light which is 
spread over the big lelevision screen. One is to take the intense light 
pattern from the fluorescent screen of a projection cathode-ray tube 
and spread it thinly over the greater area of the cinema screen by static 
optical devices, lenses and mirrors, and in particular by the economical and 
powerful devices of Schmidt optics. The other is to use a " light-valve " 
which modifies or modulates the light from a powerful arc projector of 
conventional type (save again for the high intensity necessitated by the 
low efficiency of most light-valves) on its way from are to screen. 
The light-valves in turn may be roughly subdivided into two different 
classes. The first uses as a permanent and reproducible light-valve 
the familiar cinema film; this gives us the " Intermediate Film" 
process of theatre television. The other class contains light-valves in 
which the modulation is as transient as that from the original scanner; 
it comprises devices such as the Kerr cell, depending on modulation by 
polarization, the " Eidophor ", depending on modulation by the con-
tinuously varying diffraction pattern from a continuously deformed 
liquid surface, and—with close affinities with the photographic image of 
the intermediate film—the Skiatron or dark-trace cathode-ray tube, in 
which a quasi-permanent picture is produced by electron bombardment 
of a potassium halide screen, and after use effectively as a single-frame 
transparency, is wiped out by infra-red irradiation to clear the screen 
for the next frame image. • 
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Brief Technical Data 

Operating carrier frequency 
Minimum Input signal 
Input Impedance .............. 
Input amplifier bandwidth .. 

Effective limiter range ...... 
Meter staling--" Peak wow" 

Meter scaling.—" Wow and 
Flutter " 

Crossover frequency ......... 
Flutter meter response ...... 

" Wow " meter response ... 
C.R.O. output frequency 

response . 

3000 c.o.s. oscillator output 
level . 

Accuracy 

Power consumption ...... 
Operation 

Dimensions Height 10r, 
Width 12,,", 
Depth 14r, 

Nett Weight 

300 c.p.s. 1 5"„ 
50 mV R.M.S. 
1 Megohm 
-3 dB at 2,509 and 
3,500 c.o.s. 

I 10 dB 
0 to ± I "„, ( centre 

zero 
0 to 1% R.M.S. and 
0 to 2% 

20 c.p.s. 
-3 dB at crossover 
-3 dB at 200 c.p.s. 
I dB at 5 c.o.s. 
level down to zero 
frequency 

-3 dB at 200 c.p.s. 
5V R.M.S. into .5 
Megohm 

100 mV. R.M.S. 
into 500 ohms 

Meter presenta-
tions ± 2"„ 
35 watts 
45 to 60 c.p.s. 

26.04 cm. 
31.12 cm. 
36.47 cm. 

29 lb. 131•5 Kilos. 

GAUMONT-KALEE 

FilfeeR METER 
FLUTTERMETER TYPE 1740 

Write for full details to 

Watch that 

WOW! 
with thc GAUMON T—KALEE 

FLUDTER METER 
Accurate measurement of sound 

equipment speed deviations 

Small constant speed deviations of the 
lowest ' wow ' components of sound re-
cording or reproducing equipment are 
accurately measured and indicated by 
the Fluttermeter—down to zero fre-
quency response. The Fluttermeter is 
equally suitable for use with machines 
employing photographic or magnetic 
sound tracks on film, tape, wire, or disc 
recording. 
The Gaumont-Kalee Fluttermeter type 
1740 is an entirely new design.%More 
compact, and lighter in weight, its cost 
is considerably less than all previous 
models. 

Famous users of 
the:Fluttermeter 

B.B.C. Television and Research 
Compagnia Commerciale di Cinemato-

grafia, Milan 
Collar° Mallard 
Commission Superioreure Technique, Paris 
Commonwealth of Australia, Melbouene 
Dept. Posts and Telegraph, Dublin 
E.M.I. Research Laboratories 
Egyptian State Broadcasting 
Garrard Engineering and Manufacturing 

Co. Ltd. 
Ministry of Transport and Civil Aviation 

(U.K.) 
Magnavox Corporation of U.S.A. 
Ministry of Supply 
Marconi Wireless 
N.V. Philips' Gloeilampenfabrieken, Hol-

land and Denmark 
N.Z. Broadcasting System 
Post Office Research Department 
R.C.A. Photophone Ltd. 
Southern Instruments Ltd. 
Truvox Ltd. 
Vortexion, Wright & Weaire Ltd. and in 

U.S.A., India, Poland, Hong Kong. 

RANK PRECISION INDUSTRIES LTD 

G. B-KALLEE DIVISION—STUDIO, WOODGER ROAD, LONDON, W.Il 
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S.E.I. QUARTZ CRYSTAL UNITS 
Units are available to 

cover the Frequency 

Ranges 200 Cis to 90 

Mc/s. In addition, 

Units are offered to 

cover the ranges at 

the ratings specified 

in D.E.F. 5271 as 

follows:— 

FUNDAMENTAL OSCILLATORS 

S El FREOUENCY RANGE DRIVE LEVEL 
REF. STYLE 

441,114.11 MAXISMOM 
MISSOLATTS 

80 Kes SOO KcJs 2 
0.C.329 A 800 KA/s 9999.9 Kc/A. 15 

i 0 mcis 20/4c;s 10 

100 KcAs 500Kc/s 2 
0.C.32/3 13 1300Kcia 99999 KcJs IS 

10 Mcis 20 Ma> . 10 

0 C. 2137 C 200Kc/s 500 Kcis 2 

''IS 1300Kcis 9999.9 Kds 10 

0.C.327 '',D 10 Mc/s 20 14c/s s 

120Keis SOO Ke. 0.4 
.0_c 193 E SOO Kes 

to 1.4c/s 
9999.9 KA/s 

2014c/a 

10 
s 

0.C.195 F . 75 Kc/s 120 Kas 0.4 

OZ842 H 
A. I  0 Mc/s 20 Mc/s s 

OC 894 J 

OVERTONE OSCILLATORS- ALL STYLES 

PELOUENCT RANEE OPIVE LEVEL IN mISSIMATES 

MININIPM MNRIMUM 
lerEVO'll.10 :creairg"' 

I S Mc is 
251.45/1 

24. 999999 Meta 
75 Ales 

4 

2 
a 

REPRODUCER EPP PERMISSION Of IX M. STATIONER, OPTIC E. 

SALFORD ELECTRICAL INSTRUMENTS LTD. 
TIMES MILL • HEYWOOD • LANCS. TEL. HEY WOOD 6868. 
LONDON SALES OFFICE: MAGNET HOUSE • KINGSWAY • W.C.2. TEMPLE BAR 4669 

A Subsidiary of the GENERAL ELECTRIC CO. LTD. OF ENGLAND. 
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ALLOCATIONS AND IONOSPHERIC FORECASTING 

QUARTZ CRYSTALS 

Quartz crystals are widely used in modern telecommunications 
practice,as frequency stabilizing elements and as resonant elements in 
filter circuits. They are relatively. simple and robust in construction 
and extremely stable in their properties. Quartz, itself, is chemically 
inert, has extremely low electrical and mechanical losses, and because of 
its piezo-electric properties is readily applied in high-frequency electrical 
circuits as the equivalent of a stable, high Q, tuned circuit, having a 
stability and Q factor much higher than could be achieved by 
conventional means. 

Quartz, Si0,, the most widely occurring crystalline form of silica, 
crystallizes in the trigonal (hexagonal) class, and well-formed crystals 
have a striking symmetry, the form of the crystal being a hexagonal 
prism terminated by hexagonal pyramids. Perfectly shaped crystals 
would have the form shown in Fig. 1, but natural crystals rarely develop 
all these faces. 

Quartz occurs in the two forms known as left-hand and right-hand. 
The two kinds have identical properties and physical constants, except 
that each is the mirror image of the other. They are distinguished m 
the natural form by the characteristic small facets marked x and a in 
Fig. 1, where it will be seen that the faces m, x, a, z progress in the order 
of a right-hand screw about the principle, Z, axis for right-hand quartz 
and vice-versa for the left-hand form. 

Quartz rotates the plane of polarization of a beam of polarized light 
traversing the crystal in the direction of the Z axis, and the sense of this 
rotation is opposite in the two .forms. 

xe 

X.-
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SVIAME7RY. 

AXIS Cf TRIGONAL 
• SYIAUCTRY 

LEFT HAND CRYSTAL RIGHT HAND CRYSTAL 

• 

x e 
x • 

3 AXES OF 
STA•ACTRY 

L--THE FORM or QUARTZ CRYSTALS. 

AXIS Cf TRIGONAL 
SYloACTRY 

44-2 



QUARTZ OSCILLATORS 44-3 

Quartz has four axes of crystalline symmetry, the Z (or pi incipal) 
axis around which it exhibits trigonal (threefold) symmetry, and thret 
X axes, equally spaced at 120° to each other in a plane perpendicular to 
the 2 axis. . Each X axis is an axis of diad or twofold symmetry, and all 
three are, of course, identical and indistinguishable from each other. 
As in all crystalline materials, the mechanical, electrical and optical 

properties vary with direction, the variations being in accordance with 
the symmetry. There are therefore small but significant changes in the 
elastic constants (Young's modulus and shear modulus) and in the 
thermal-expansion coefficient, with change in the direction of measure-
ment. These variations have important practical significance, in that 
they permit crystal plates to be cut having low- or zero-temperature 
coefficient of frequency. 

Piezo-electric Properties 

Quartz is of value for telecommunications purposes, mainly on account. 
of its piezo-electric properties, that is, its ability to develop electrical 
charges on its faces when subjected to mechanical stress, and conversely 
to change its dimensions slightly when electrically stressed'. 

Consider a small rectangular block of quartz cut with its major faces 
perpendicular to an X axis, and its other faces perpendicular to, and 
parallel to, the Z-axis respectively. For convenience the third axis 
to complete a set of rectangular co-ordinates will be designated Y. 
Each pair of faces can then be identified by the symbol corresponding to 
the axis normal to the faces. 

If pressure is applied between the x faces, charges are developed on 
those faces and the charge developed is proportional to the applied 
force and independent of the dimensions of the plate. Tensional forces 
also result in charges, the sign of the charge being reversed for such 
forces. 

Quartz also develops charges on its. x faces when compressional or 
tensional forces are applied to the y faces, and the charge density for a 
given stress is the same in magnitude as for the same stress on the x 
faces, but the polarity is of opposite sign. 

Tensional or compressional forces in the direr : ion of the Z-axis do 
not result in the appearance of charges on any faces. It is usual to 
express these results in terms -of charge density, P, and stress S; hence 
we obtain the following equation: 

d„S. — dllS, . . . . (1) 

where P. is the charge density on the x faces, S. is the stress on the x 
faces, S, the stress on the y faces and c/1, is the constant known as the 
piezo-electric constant. In the m.k.s. system, d11 has a value of about 

x coulombs per m.k.s. unit of force. 
If the quartz is deformed in shear about the X-axis, i.o., in the pz 

plane, a charge is developed on the x faces. In terms of charge density 
and shear stress this is given quantitatively by: 

P. = die ), . . (2) 

where 8, is the magnitude of the shear iitress and d„ is the piezo-
electric shear constant. In the m.k.s. system, dà has a value of 
—0-5 x 10-12 coulombs per unit of force. Shear forces about the Y 
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and Z axes do not produce charges on the x faces; they do, however, 
result in charges on the y faces. For shear about the Y axis, i.e., in the 
zx plane, the relationship is: 

Pfr = db18 8.1i • (3) 

The constant in this equation (3) is the same numerically as in the 
equation (2). In the case of shear force about the Z axis, i.e., in the 
xy pane, the equation is: 

ry = — 2daSzi, . . (4) 

where d„ has the numerical value quoted earlier (see equation ( 1)). 
The plate cannot be stressed in any manner which results in charges on 
the Z faces. 
Thus the full piezo-electric equations for the direct effect can be 

written in terms of the applied stresses as: 

= du& — d118). duS, . . . (5) 

— dir8sv • . (6) 

A similar set of equations can be derived written in terms of the strains 
a, set up by the applied forces, viz., 

= en8s — eu8s elev. • • (7) 

Py = — elAs — 2eilass • (8) 

ell and e„ are known as th z 2iezo-electric moduli and in the m.k.s. 
system have values: 

e11 = +0.16 coulombs/m.2 

e14 +0.045 eoulon;tbs/m.2 

When a voltage is applied to the opposite faces of an unstressed plate, 
there is a corresponding change in dimensions. This phenomenon is 
known as the converse piezo-electrié effect, and the equations, corre-
sponding to equations (7) and (8), and relating the resultant strain, 8, 
to the applied electric stress are 

= 

eh, = 

= duE. (8) 

a,. = —d„E, 

8.81 = -- 2cInEr 

where Ex, Ey are the electric stresses in volts/metre along the X and Y 
directions respectively. The piezo-electric constants, d„ and d„ have 
the numerical values quoted earlier. 

If the plate is simultaneously under mechanical and electrical stress, 
the equations become much more complicated. For a full treatment of 
the piezo-electric effect in quartz see references given at ,the end of this 
article. 
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Fm. 2.—Tux EQUIVALENT CIRCUIT or A QUARTZ CRYSTAL. 

Beionant Frequencies 

We have, so far, dealt only with the static properties of the plate. 
Since there is hardly any time lag between the application of the 
voltage and the change in dimensions, it follows that the dimensions 
of a quartz plate will vary cyclically in step with an applied alternating 
voltage. Suppose that a low-frequency voltage is applied to a plate 
and that the frequency is slowly increased. If we were to measure the 
current flowing into the plate and then plot current against frequency, 
a curve such as Fig. 2 would result. A small current would flow 
initially and would increase proportionally to the frequency in a similar 
manner to the current flowing into a small capacitance. As we approach 
closely to the frequencyff, the ctirrent rises sharply, reaching a maximum 
at f„ and then falls sharply to a minimum at a slightly higher frequency, 
fo. With further increase in frequency, it then increases slowly, 
resuming its linear rate of increase vith frequency. 
The frequency corresponding to maximum current is the resonant 

frequency (f,), and that at the minimum current is knuwn as the anti. 
resonant frequency (fo). 
The behaviour of the plate at its resonant freguency is directly 

comparable to that of a series-tuned electrical circuit. The plate 
resonates mechanically, and the mechanical resonance is reflected in 
its electrical behaviour. At the resonant frequency f, the amplitude 
of the mechanical oscillations of the plate is some thousa.nde of times 
greater than the amplitude at a slightly lower frequency on the linear 
part of the curve, and consequently' the magnitude of the current 
flowing into the plate is similarly increased. The behaviour is identical 
to that of the equivalent series tuned circuit L-C-R, provided we assign 
suitable values to these elements. A significant difference between 
the behaviour of a quart plate and a conventional tuned circuit lies, 
however, in the sharpness and extent of the peak. Both these are 
dependent on the Q value, which for a quartz plate usually lies between 
some 10,000 and 1,000,000, compared• with about 300 for a very high-
grade inductance and capacitor. 
The sharp dip at the anti-resonant frequency, fo, is the result of the 

series arm exhibiting inductive reactance at frequencies above the 
resonant frequency. At the frequency fo, the value of this inductive 
reactance is equal in magnitude to the capacitive reactance of the direct 
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capacitance between the electrodes represented in Fig. 2 by the capacitor 
C„. Thus at this frequency the crystal with its electrodes behaves as a 
parallel resopant eircuii, which is similarly characterized by a very high 
Q value. At frequencies higher than f, the plate behaves again 
substantially like a small capacitor. 

Fig. 3 is an accurate plot of a typical resonance in a quartz plate 
vibrating in a longitudinal thickness mode. A logarithmic vertical 
scale is necessary to show the wide range of admittance encountered. 
For this specimen with a Q value of about 50,000 there is a ratio of some 
4,000: 1 between minimum tincl maximum, and the change occurs over 
a frequency range of only son.° 250 cis in 400,000, i.e., band-width only 
0-06 per cent of mean frequency. 

Modes a Vibration 
The frequency at which a plato or bar resonates depends on the mode 

of vibration employed and tho plate dimensions. For most purposes 
fundamental modes are employed, but for special requirements—and 
especially for the highest frequencies—overtune modes have to be used, 
otherwise the plato would be too thin or too small to permit manufacture. 
We have, so far, considered the plate as exhibiting only a single 
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THICKNESS SHEAR VIBRATION 

(C) 

FIG. 4 —MODES OF VIBRATION OF QUARTZ CRYSTALS. 

f = Kf• 1t 

Kf =2550 Kc/s 
FOR A B.T. PLATE OR 
1760 Kc/s m.m. FOR 
AN A.T. PLATE 
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FIG. 6.—PIERCE CIRCUIT. 

FIG. 5.—MILLER-PIERCE 
CIRCUIT. 

H.T.+ 

H.T.— 

resonance. In practice, any plate or bar has an infinite variety of modes 
in which it can resonate, and its behaviour can be extremely complex, 
Fortunately many of the modes can be inhibited by the choice of the 
electrode system and the manner of mounting, or by suitable choice of 
plate dimensions. In making and designing crystals the aim is to pro-
duce an element which has a single predominant response over a more 
or less wide-frequency band according to the application. The wider the 
band required to be free from spurious responses, the more difficult it is 
to achieve a satisfactory design. 
The principal types of quartz resonator and the manner in which 

the plate or bar vibrates are indicated in Fig. 4. With each diagram is 
the equation showing the principal resonance as a function of dimensions. 
The shear ánd longitudinal modes can be easily excited simply by 
placing electrodes on the major faces. The flexurals require different 
electrode systems, as indicated in the figure, such that one half of the 
plate is caused to contract whilst the other expands. 

CRYSTAL OSCILLATOR CIRCUITS 

We have already seen that a quartz plate has two frequencies of zero 
reactance associated with each mode of vibration, viz., the series 
resonant frequency and the parallel or anti-resonant frequency, and 
oscillator circuits can be broadly divided into two classes according to 
which resonance is used. The anti-resonant circuits have been the 
most widely employed hitherto, the most popular arrangements being as 
shown in Fig. 5 und Fig. 6. Thew is a close similarity between these 
circuits. In both cases the operation of the circuit depends on the 
stray inter-elvetrode capacitance represented by the capacitor sl,..e.vn 
dotted. 

Replacing the crystal in Fig. 5 by its equivalent circuit, L-C-R, C10, 
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and neglecting D.C. power supplies, the circuit is as shown in Fig. 7 
whe.e C., is the grid-anode capacitance of the valve, and the anode-
cathode and grid-cathode capacitances are included in CI and C1, 
respectively. The grid circuit is shown broken, so that we may consider 
the circuit as an amplifier, ha, ing a signal input of e, and an output of 
E. at the anode. The voltage E,, derived from the potential divider 
formed by C., and the crystal, is available at the crystal terminals. 
Obviously, if e, were exactly equal to E, the two terminals could be 
joined without effect on the circuit; thus we can have stable operation 
as an oscillator when, and only when, e, is identically equal to Eo. 
This identity can be resolved into two conditions, equality of amplitude 
and equality of phase. The equality of amplitude is normally taken 
care of by the amplitude-limiting effect in the valve itself. For zero 
overall phase change from e„to E,, any phase differenoe,between e, and 
E. must be equal to, and in opposite sense to, that between E. and E,. 
To illustrate the operation of the circuit we have therefore calculated 
these phase changes for typical circuit values and plotted the results in 
Fig. 8. 

The curve marked a gives the phase change .of E, relative to E., 
whilst the group of curves marked /3 give the relative phase of E. to 
e,. Each of these p curves corresponds to a particular value of Ca, 
the figure at the right of each curve indicating how much the circuit 
is oft tune at the crystal frequency. In general, both these phase 
differences vary with frequency. The frequency of oscillation, the 
frequency at which these two phase changes are equal and opposite, is 
defined by the pents of intersection of the a with the /3 curves. 
Over the small frequency range for which the curves have been 

prepared, the rate of change of phase of E. relative to e, is negligible; 
that is, each /3 curve shows an almost constant phase change except for 
the small kinks near the right-hand intersection which are due to the 
shunting effect of the crystal and C., in series, on the tuned anode 
circuit. The most striking feature of the a curve is the high rate of 
change of phase in the region off, and f., a direct consequence of the 

FIG. 7.—THE EQUIVALENT CIECUIT or l'HE MILLEE—P7TCHCE OSCELLATOR. 

E. E. 
Conditions for oscillation: 

(a) Amplitude 

(t) Frequency 

— < 1 

. a 
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high Q value of the quartz resonator. Consideration of the amplitude 
condition excludes all the intersections with th .• left-hand half of the 
a curve, leaving the right-hand intersections as the points defining the 
frequencies of oscillation corresponding to each setting of C. 
A very small change in frequency, therefore, suffices to correct for 

any change in the phase angle fi which results from a change in the valve 
characteristics due either to ageing or to changes in operating potentials, 
or any similar cause. Even changes in the tuning capacitance have 
only a minor effect on frequency, especially when the anode circuit is 
well off tune. This is illustrated again in Fig. 9 showing measured 
results for a typical 3-Mc 's crystal in a Miller-Pierce circuit. 

In a circuit of this kind it can be readily shown that the frequency 
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FIG. 9.—FREQUENCY CHANGE 
WITH TUNING IN THE MILLER-

PIERCE CIRCUIT. 
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corresponding to 90° phase change, point E in Fig. 8, is related to the 
resonant frequency f, of the crystal by the equation: 

c  
= .4[1 + 2 cie a./ • • • (10) 

r., and hence the oscillation frequency, is therefore directly dependent 
on C„, which includes the grid-cathode capacitance of the valve, and 
C.,, the grid-anode capacitance. The stability of these capacitances 
is therefore of prime importance. Where frequency stability must be 
improved it will be desirable to supplement one or both of these stray 
capacitances by adding additional stable fixed capacitances in parallel 
A similar analysis can be made for the Pierce circuit, resulting in the 
same general conclusions. The frequency f',, is again given by equation 
(10), but the change of frequency with tuning is in the opposite sense, 
the frequency increasing slightly as the anode circuit is brought into 
resonance at the crystal frequency (see Fig. 10). 

Colpitta-derived Oscillator 
• A circuit which is also very much used is derived from the Colpitts 
oscillator circuit, and is shown in Fig. 11. Essentially, the crystal is 
acting as an inductance, having the combination of C„„ and C15 in 
parallel with its terminals and also shunted by the capacitances and 
C„, which are effectively in series across its terminals. The effective 

capacitance across the crystal is (C,,„ + C,° + C,. CPC) — a. say, 

and the frequency of oscillation is given by: 

= (1 + . . . (11) 

This circuit is especially useful for the higher frequencies, and where 
several crystals have to be switched to give alternative frequencies, 
since no adjustment or tuning is required. 

Frequency-multiplication 

In practice, a designer is seldom content to use a separate valve for 
the crystal-oscillator stage; he usually prefers to frequency multiply in 
the same stage, or use the valve as a mixer or modulator as well. With 
tetrodes or pentodes this can usually be done without serious effect on 
the frequency stability. Many circuit variations are possible, and 
typical arrangements are illustrated in Fig. 12. 

Fie. 1 1.—CRYSTAL COLPITTS 
• CIRCUIT. 

H.T.— 
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(a) 

(C) 

(b) 

FIG. 1 2.—VA_RIATIONS OF THE 
PIERCE, MILLER—PIERCE AND COL. 
PITTS OSCILLATOR CIRCUITS PER-
MITTING FREQUENCY MULTIPLICA-

TION IN THE SAME STAGE. 

Series-mode Oscillators 

Whilst crystals used at parallel resonance give results which are 
adequate for most purposes, it has been shown that the frequency of 
oscillation is dependent directly on the circuit capacitances. These 
capacitances may not be very stable in themselves, and therefore such 
circuits do not permit the highest degree of frequency stability which 
the crystals themselves can provide. 
When the crystal is operated at its series resonai it exhibits a 

relatively low impedance, and the effect of the capacitance between 
its terminals is negligible, except at the very highest frequencies. 
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FIG. 13.— MEACHAM BRIDGE CRYSTAL OSCILLATOR. 

HT 

With suitable circuit arrangements it can therefore provide a stability 
of frequency at least one order better than when operated in the parallel 
mode. 
The most widely known circuit for series Mode operation is the 

Meacham bridge circuit (Fig. 13). In this circuit; which is generally 
employed in modern frequency standards; the letal forms one arm of a 
resistance bridge which comititutes the feedback network between the 
output and input of a linear amplifier. Another arm of the bridge is 
in the form of a load-dependent resistor such as a tungsten lamp or a 
thermistor. 
The bridge is designed so that an increase in the voltage applied to 

the bridge results in a reduction in the input signal available at the other 
diagonal of the Midge, hence the amplitude ie stabilized independently 

(MI 

di= 

FIG. 14.—SERIES-MODE OSCILLATOR CIRCUITS. 
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FIG. 15.—Two VALVE SERIES-
MODE CRYSTAL OSCILLATOR 

CIRCUIT. 

of the valve amplifier, which can then operate strictly in the linear mode. 
Provided that the phase change in the amplifier is constant, the crystal 
alone determines the frequency, since there aie no other reactive 
elements in the bridge. Using this circuit, long-term stabilities better 
than one part in a hundred millions have been obtained. « 
The arrangement shown in Fig. 14 (a) is also suitable for series mode 

operation, especially at the lower frequencies. The grid circuit is tuned 
to the crystal frequency, and feedback through the coupling coil occurs 
only at the crystal series resonance; Fig. 14 .(b) shows an alternative 
form of circuit which has also been successfully applied for series mode 

operation. 
Two other circuits, Fig. 15 and Fig. 16, deserve mention. The 

circuit of Fig. 15 has been frequently used in the past, especially with 
small high-impedance crystals where a two-valve oscillator was 
necessary to provide sufficient gain. The circuit of Fig. 16, frequently 
known as the Butler circuit, uses the crystal as a coupling element 
between the valve cathodes. In this arrangement the first valve is a 
grounded-grid amplifier and the second valve is essentially a cathode. 
follower stage matching the anode circuit to the low input impedance 
of the amplifier. This arrangement is specially suitable for low-

FIG. 16.—BUTLER OSCILLA-
TOR CIRCUIT. 
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o 
FIG. 17.—Foitm OF OSCILLATOR USED FOR FLEXURAL CRYSTALS. 

impedance crystals, and is useful for driving high-frequency and over-
tone crystals in the series mode. 
The flexural types of crystal normally have three or four electrodes. 

They are most frequently used in circuits of the type shown in Fig. 17, 
where they behave like a tuned transformer in coupling the anode circuit 
back to the grid. These crystals are usually extremely active, and 
unless some form of amplitude limiting is applied it is easy to fracture 
the plates .by over driving, hence the automatic-gain-control circuit 
designed to provide additional negative bias po the valve grid. 

Overtone Oscillators 

The limit to fundamental mode operation at high frequencies is set 
by the practical difficulties in manufacturing and handling very thin 
plates. In the present state of the art this limit is at about 20 Mc/s. 
For the higher frequencies, which are of increasing importance in 
modern practice, overtone modes have to be utilized. In theory, all 
thickness shear mode plates have resonances at the odd multiples of the 
fundamental frequency. 
The effective activity decreases rapidly, however, as the order of the 

overtone mode increases, so that for practical purposes only the third, 
fifth and possibly the seventh overtone modes can be utilized. By these 
means, oscillation frequencies up to 100 Me is or higher can be directly 
stabilized by means of a quartz plate. 

Whilst third overtone plates having frequencies up to about 35 Mcis 
have been used for Many years, there are many problems still to be 
solved before the higher-frequency plates come into general use. 
Circuit designf.or these high frequencies is also currently under investiga-
tion. The Butler circuit, Fig. 18, has been successfully used at fre-
quencies up to at least 50 Mo/s, but, since it is capable of oscillation at 
frequencies other than the crystal frequency, as a result of the coupling 
through the residual capacitançe of the crystal, its use is not recom-
mended except under laboratory conditions, where spurious oscillation 
is easily checked. At frequencies of the order of 50 111c/s, for example, 
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Cb 

44-57 

1 H.7.1-

18.—OSCILLATOR FOR USE AT OVERTONE FREQUENCIES. 

the inter-electrode capacitance, together with wiring and othei stray 
capacitances, can easily amount to 10 pF, giving a reactance of the order 
of some 300 ohms. An overtone crystal, which might have an 
equivalent series .resistance of some 30 or 40 ohms at series resonance, 
cannot therefore show the same variations in terminal impedance as 
the fundamental type does at the lower frequencies. 
The effects of the inter-electrode capacitance can be overcome, to 

a degree, by the use of circuits in which the crystal is used as one arm 
of a reactance bridge. The reactance elements are arranged to be in 
balance at the operating frequency, and the bridge therefore transmits 
a signal only at the series resonance of the crystal. A circuit of this 
type is illustrated in Fig. 18. In some cases the balance of the reactive 
elements is Lchieved by utilizing natural stray capacitances arising in 
the circuit, such as valve inter-electrode capacitances and wiring strays. 
The Pierce circuit of Fig. 6 can also be utilized for overtone operation 

up to about 50 Mc/s, but may require careful adjustment. When the 
tuned anode circuit is tuned to a frequency higher than the crystal 
frequency, oscillation is not possible; for oscillation to be possible the 
anode circuit must be capacitive at the opetating frequency. Hence, by 
tuning to a frequency a little below the required overtone mode, we have 
the right conditions for inhibiting oscillation at the fundamental or 
lower-order overtones and facilitating oscillation at the desired mode. 
With crystals of good activity oscillation can frequently be obtained up 
to the seventh order, and up to about 60 Mc is. This arrangement is, 
however, operating the crystal at its parallel overtone mode, and there 
are fundamental limitations to this mode of operation at the higher-
order overtones. 

Crystal Activity Measurement 

Apart from the obvious importance of the frequency of a quartz 
crystal, the equipment designer, or user, is primarily interested in its 
activity, for this determines the level of oscillation in his circuit, and 
indeed, may restrict the choice of circuit in some cases. The word 
" activity " has been used for a long time in a qualitative sense to 
describe the relative ease with which a crystal could be made to oscillate. 
It has, however, acquired a more precise meaning, and is now generally 
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CRYSTAL 
EQUIV. 

OSCILLATOR Fm. 19.—DIAGP.AMDIATIC RE-
PRESENTATION OP A PARALLEL 
MODE CRYSTAL OSCILLATOR. 

understood to mean the measured value of the factor which would 
determine the amplitude of oscillation if no other circuit losses were 
present. For a crystal used at series mode this is simply the value of 
the resistance R in the equivalent circuit. This is generally written 

Fm. 20.—QUARTZ CRYSTAL ACTIVITY TEST SET POR DIRECT MEASUREMENT 
OF THE EQUIVALENT SERIES RESISTANCE. 

(Courtesy of the General Elect,— Company Ltd. of England) 

II 

• P10. 21.—SIMPLIFIED CIRCUIT OP AN EQUIVALENT SERIES RESISTANCE 
MEASUREMENT SET. 
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0000000Q,00  
TUNED CIRCUIT WITH 
ADJUSTABLE LOSS 

CRYSTAL 

OSCILLATOR WITH AMPLITUDE 
INDICATOR 

FIG. 22.—DIAGRAbIbIATICAL ARRANGEMENT FOR MEASURING THE 
EQUIVALENT PARALLEL RESISTANCE Or A CRYSTAL. 

as e.s.r., an abbreviation for equivalent series resistance, and is measured 
in ohms. For parallel-mode operation, the crystal, together with any 
shunt reactances, including its inter -electrode capacitance and any 
other stray capacitances, can be shown to be equivalent at the operating 
frequency, to an ideal parallel-tuned circuit with a paralleled resistor, 
Rd. Under these conditions the maintaining oscillator is equivalent to 
a further negative resistor, —R. (see Fig. 19). When Rd = R. in 
magnitude there is no resultant loss, permitting oscillations to occur in 
the tuned circuit at constant amplitude. The value of Rd associated 
with the tuned circuit in this arrangement is therefore a measure of the 
valse of —R,, required to be provided by the maintaining oscillator. In 
other words, Rd is .a measure of the crystal activity. A close analogy 
can be shown with a conventional tuned circuit comprising a ooil and 
capacitor, and in fact the value of Rd, which would be the dynamic 
resistance of the tuned circuit, is given by: 

1 

Rd=  
. (12) 

where w -= operating frequency in radians/second; 
Ct = total effective capacitance in parallel with the crystal; 

R = crystal series resistance. 

It will be seen that it is dependent on both the equivalent series 
resistance, R (e.s.r.) of the plato and on the value of the total capacitance 
in parallel with the crystal terminals. This meazure of the activity is 
usually known as the equivalent parallel resistance (e.p.r.) of the plate. 
It is also referred to sometimes as " Performance Index ". 

Values of e.s.r. can be measured by conventional means, such as 
radio-frequency bridges, provided that the generator supplying the 
bridge has adequate frequency stability and can be adjusted to precisely 
the resonant frequency of the plate. It is, however, more usual to drive 
the plate at its series mode in a specially designed oscillator and then 
determine its e.s:r. by substituting a resistance and determining the 
value of the resistor which gives the same wnplitude •::f oscillation as 
when the plate is in circuit. Typical equipment is shown in Fig. 20 
and a simplified circuit in Fig. 21. 
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FIG. 23.—QUARTZ CRYSTAL ACTIVITY TEST SET FOR DIRECT MEASUREMENT OF 
THE EQUIVALENT PARALLEL RESISTANCE. 

(Courtesy of the General Electric Company Ltd. of England) 

Test Set 193 

For the direct measurement of e.p.r. an instrument, known as " the 
193 Test Set" from its Services designation, is widely -used. This set 
permits direct comparison between the crystal and a calibrated tuned 
circuit of variable loss. The e.p.r. can be measured easily, rapidly and 
with good accuracy by this means. 
A diagrammatic representation of the circuit is given in Fig. 22, 

and the instrument is shown in Fig. 23. As will be seen from equation 
(12) the e.p.r. value can be readily converted into the e.s.r. value and 
vice versa, if the appropriate value of et is also known. 
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REGION J. FREQUENCY ALLOCATIONS 
The frequency allocation tables given on the following pages are based 

on the recommendations of the Atlantic City Conference, 1947, of the 
International Telecommunications Union, as applicable to Region 1, 
which roughly comprises Europe, Africa, the U.S.S.R. and Turkey 
A number of minor reservations made by the U.S.S.R. and certain other 
countries have been omitted from this table, but modifications 
relating to the United Kingdom are shown under " Remarks ". 

These frequency allocations are being revised at the Geneva Con-
ference, 1959. 
The following abbreviations have been used in the table: 

Aiwa 

W.W. . World-wide (i.e., applicable to Regions 
1, 2 and 3) 

. Region 1 
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Servipes 
Aero. Fx. • Aeronautical Fixed Service 
Mire. Mob.* • Aeronautical Mobile Service 
Aero. R. Nay. . Aeronautical Radio-navigation Service 
Amat. . • Amateur Service 
B'oet. . • Broadcasting Service 
Fx. • Fixed Service 
Land Mob. . Land Mobile Service 
Mob. . • Mobile Service 
M. Mob. . • Maritime Mobile Service 
M..R. Nay. • Maritime Radio-navigation Service 
R, loc. . • Radio-location Service 
R. Nay. . . Radio-navigation Service 
S. Freq. . . Standard Frequency Servies 
Spec. . . Special Service 

* Aero. Mob. (R). Frequencies reserved for any communications 
between aircraft and those aeronautical stations primarily concerned 
with the safety and regularity of flight along national or international 

civil air routes. 
• Aero. Mob. (OR). Frequencies reserved, for any communications 

between aircraft and those aeronautical stations other than those 
primarily concerned with flight along national or international civil 

air routes. 

In connection with the table of frequency allocations, the following 
international definitions should be noted: 

Radio -location : Determination of a position or of a direction by 
means of the constant-velocitY or rectilinear-propagation properties 

of Hertzian waves. 
Radio-navigation : Radio-location intended solely for the deter-

mination of position or direction or for obstruction warning, in 

navigation. • 
Radar: Radio-location system where transmission and reception 

are carried out at the same location, and which utilizes the reflecting • 
or retransmitting properties of objects in order to determine their 

positions. 
Primary Radar: Radar using reflection only. 
Secondary Radar : Radar using automatic retransmission on the 

same or on a different radio frequency. 
Radio Direction-finding: radio-location in which' only the 

direction of a station is determined by means of its ernissions. 
Fixed Service: A service of radio-communication between 

specified fixed points. 
Broadcasting Service: (a) A radio-communication service of 

transmissions to be received directly by the general public. (b) This 
service may include transmissions of sounds or transmissions by 
television, facsimile or other means. 

Region 2 is the Western Hemisphere, comprising the Americas, 
Greenland and all countries under the control of the Federal Com-

munications Commission. 
Region 3 is Australasia, Oceania and Asia, except those territories 

included in Regions 1 and 2. 
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TA;LE 1.—FREQUENCY ALLOCATIONS APPLICABLE TO REGION 1 

Frequency 
Band (kc/s) Area Services Remarks 

10-14 
14-70 

70-90 

90-110 

110-130 

130-150 

150-160 

160-255 
255-285 

285-315 
315f-325 
325-405 

405-415 

415-490 
490-5.10 

510-525 
525-535 
535-1,605 

1,605-2,000 

2,000-2,045 

W.W. 
W.W. 

1 

W.W. 

1 

1 
w.w. 

1 

1 

R. Nay. 
(a) Fx. 
(b) M. Mob. 
(a) Fx. 
(b) M. Mob. 
(c) R. Nay. 

(a) 
(b) 
(c) 

Fx. 
M. Mob. 
R. Nay. 

(a) Fx. 
(b) M. Mob. 
(c) R. Nay. 

M. Mob. 

(a) B'est. 
(b) M. Mob. 
B'est. 
(a) Aero. R. Nay. 

(b) B'est. 
(e) M. Mob. 
M.R. Nay. 
Aero. R. Nay. 
(a) Aero. Mob. 

(b) Aero. R. Nay. 

(a) Aero. R. Nay. 
(b) M.R. Nay. 
(c) Mob extept 

Aero. Mob. 
M. Mob. 
Mob. 

M. Mob. 
B'est. 
B'est. 
(a) Fx. 

(b) Mob. except 
Aero. Mob. 

(a) Fx. 

Coastal Al stations only 

Coastal Al stations only 
Exclusive use of 70-72 kcis 
and 84-86 kc/s 

Coastal Al stations only 
Eventually to have exclusive 
rights 

Exclusive use of 112-115 keis 
and 126-129 Ws 

Ship stations only: calling 
frequency 143 kcis 

On non-interference basis 

U.K. to share portions with 
M. Mob. 

On non-interference basil 

U.S.S.R. to use for M. Mob. 
325-365 and 395-405 ke/s for 
B'est. in certain European 
areas 

Priority over Aero. Mob. 333 
kc/s calling frequency 

Has priority on 410 Ws 
Restricted types 

Telegraphy only 
Distress and calling only. 
500 ko/s international dis-
tress frequency 

Telegraphy only 

In certain countries 1,800-
2,000 kc/s may be used by 
Amateurs 
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TABLE I.—contd. 

Frequency 
Band (kcis) 

Areas Services Remarks 

2,000-2045 (b) Mob. except 
Aero. Mob. 
(R) 

2,045-2,065 1 Met. Aids. 
2,065-2,300 1 (a) Fx. 

(b) Mob. except 2,182 kcis International die. 
Aero. Mob. tress and calling frequency 

(R) 
2,300-2,498 1 (a) B'ost. Restrictions on use 

(b) 
(c) Mob. except 

Aero. Mob. 
(R) 

2,498-2,502 1 S. Freq. Standard frequency 2,500 ko is 

2,502-2,625 1 (a) Fa. 
(b) Mob. except 

Aero. Mob. 
(R) 

2,625-2,350 1 (a) M. Mob. By special arrangement 
(b) M. R. Nay. 

2,650-2,850 1 (a) Fx. 
(b) Mob. except 

Aero. Mob. 
(R) 

2,850-3,025 W.W. Aero. Mob. (R) 
3,025-3,155 W.W. Aero. Mob. (OR) 
3,155-3,200 W.W. (a) Fx. 

(b) Mob. except 
Aero. Mob. 
(R) Restrictions on use 

3,200-3,400 W.W. (a) B'est. (b) Fx. 3,200-3,230 kc/s Mob. except 
(c) Mob. except Aero. Mob. (R) 

Aero. Mob. 

3,400-3,500 W.W. Aero. Mob. (R) 
3,500-3,800 1 (a) Anfat. 

(b) Fx. 
(c) Mob. except 

Aero. Mob. 
3,800-3,900 1 (a) Aero. Mob. 

(OR) 
(b) Fx. 
(c) Land Mob. 

3,900-3,950 1 Aero. Mob. (OR) 
3,950-4,000 1 (a) B'ost. 

(b) Fx. 
4,000-4,063 W.W. Fx. 
4,063-4,438 W.W. M. Mob. 
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TABLE 1.—contd. 

Frequency 
Band (kcls) Area Services Remarks 

4,438-4,650 
4,650-4,700 
4,700-4,750 
4,750-4,850 

1 
W .W . 
W .W . 
1 

4,850-4,995 W .W . 

4,995-5,005 W .W . 
5,005-5,060 I W .W . 

5,060-5,250 W .W . 
5,250-5,430 1 

5,430-5,480 1 

5,480-5,680 W .W . 
5,680-5,730 W .W . 
5,730-5,950 W .W . 
5,950-6,200 W .W . 
6,200-6,525 W .W . 

6,525-6,685 
6,685-6,765 
6,765-7,000 
7,000-7,100 
7,100-7,150 1 

7,150-7,300 1 
7,300-8,195 W .W . 
8,195-8,815 W .W . 
8,815-8,965 W .W . 
8,965-9,040 W .W . 
9,040-9,500 W .W . 
9,500-9,775 W .W . 
9,775-9,995 W .W . 
9,995-10,005 W .W . 
10,005-10,100 W .W . 
10,100-11,175 W .W . 
11,175-11,575 
11,275-11,400 W.W . 
11,400-11,700 W .W . 
11,700-11M5 W .W . 

Fx. 
Aero. Mob. (R) 
Aero. Mob. (OR) 
ta) Aero Mob. 

(OR) 
(6) ,B'est. 
(c) Fx. 
(d) Land Mob. 
(a) B'est. 
(b) Fx. 
(c) Land Mob. 
S. Freq. 
(a) B'est. 
(b) Fx. 
Fx. 
(a) Fx. 
(b) Land Mob. 
(a) Aero. Mob. 

(OR) 
(b) Fx. 
(c) Land Mob. 
Aero. Mob. (R) 
Aero. Mob. (OR) 
Fx. 
B'est. 
M. Mob. 

Aero. Mob. (R) 
Aero. Mob. (OR) 
Fx. 
Amat. 
(a) Amat. 
(b) B'est. 
B'est. 
Fx. 
M. Mob. 
Aero. Mob. (R) 
Aero. ,Mob. (OR) 
Fx. 
B'ost. 
Fx.. 
S. Freq. 
Aero. Mob. (R) 
Fx. 
Aero. Mob. (OR) 
Aero. Mob. (R) 
Px. 
B'est. 

Restrictions on use 

Restrictions on use 

Standard frequency 5,000 kc /a 
Restrictions on use 

May exceptionally be used for 
Fx. (50 watts limit) 

Standard frequency 10,000 
kc,'s 
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TABLE 1.--contd. 

Frequency 
Band (kcis). • 

4rea Services Remarks 

11,975-12,330 
12,330-13,200 
13,200-13,260 
13,260-13,360 
13,360-14,000-

14,000-14,350 
14,350-14,990 
14,990-15,010 

15,010-15,100 
15,100-15,450 
15,450-16,460 
16,460-17,360 
17,360-17,700 
17,700-17,900 
17,900-17,970 
17,970-18,030 
18,030-19,990 
19,990-20,010 

io,o10-21,000 
21,000-21,450 
21,450-21,750 
21,750-21,850 
21,850-22,000 

22,000-22,720 
22,720-23,200 
23,200-23,350 

23,350-24,990 

24,990-25,010 

25,010-25,600 

25,600-26,100 
26,100-27,500 

27,500-28,000 
28,000-29,700 

W.W. 
W.W. 
W.W. 

W.W. 

W.W. 

W.W. 

W.W. 
W.W. 

W.W. 

Fx. 
M. Mob. 
Aero. Mob. (OR) 
Aero. Mob. (R) 
Fx. 

Amat. 
Fx. 
S. Freq. 

Aero. Mob. (OR) 
B'est. 
Fx. 
M. Mob. 
Fx. 
B'est. 
Aero. Mob. (R) 
Aero. Mol . (OR) 
Fx. 
S. Freq. 

Fx. 
Amat. 
B'est. 
Fx. 
(a) Aero. Fx. , 
(b) Aero. Mob 

(R) 
M. Mob. 
Fx. 
(a) Aero. Fx. 
(b) Aero. Mob. 

(OR) 
(a) Fx. 
(b) Land Mob. 

S. Freq., 

(a) Fx. 
(b) Mob. except 

Aero. Mob 
B'est. 
(a) Fx. 

(b) Mob. except 
Aero. Mob. 

Met. Aids 
Amat. 

13,560 kcis ± 0-05% Indus-
trial, sdientific and medical 

Standard frequency 15,000 
kcis 

Standard frequency 20,000 
kola 

Inter-ship M. Mob. pemitted 
23,350-24,000 he's 

Standard frequency 25,000 
kcis 

27,120 Ws ± 0.06% indus-
trial, scientific and medical 
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TABLE 1.—contd. 

Frequency 
Band (Mcis) Area Services Remarks 

29.7-31.7 
31.7-41 

41-68 

68-70 f 
70-72.8 

72.8-75.2. 

75.2-78 

78-80 
80-83 

83-85 
85-87-5 

87.5-88 

88-100 

1 
1 

1 

1 

1 

1 

1 
1 

1 

W.w. 

100-108 1 

108-118 W.W. 
118-132 W.W 

132-144 1 
144-146 W.W. 
146-156 1 

156-174 1 

Aero. R. Nay. 
(a) Fx. 

(b) Mob. 

B'cat. 

Aero. R. Nay. 
(a) Fx. 

(b) Mob. except 
Aero. Mob. 

Aero. R. Nay. 

(a) Fx. 
(b) Mob. except 

Aero. Mob. 
Aero. R. Nay. 
(a) F. 
(b) Land Mob. 
Aero. R. Nay. 
(a) Fx. 
(b) Mob. except 

Aero. Mob. 
B'est. 

B'cst. 

Mob. except 
Aero. Mcb. (R) 

Aero. R. Nay. 
Aero. Mob. (R) 

Aero. Mob. (OR) 
Amat. 
Aero. Mob. (OR) 

(a) Fx. 

(b) Mob. except 
Aero. Mob. 

40.68 1Vio/s ± 0.05% indus-
trial, scientific and medical 

Aero. R. Nay. may be per-
mitted in Region 1 

In U.K. 66-5-68 Mc /s may be 
used for Land Mob. and 

In France and U.S.S.R. for 
Amat. service 

75 Mc/s designated for Aero. 
marker beacons with guard-
band ± 0'2 Mc /s 

In U.K. 85-90 Mc /s shared 
with M. R. Nay. 

In U.K. 85-90 Mc /s shared 
with M. R. Nay. 

In U.K. 85-90 Mc /s shared 
with M. R. Nay. 

In U.K. and France 94.5-95 
Mc /8 shared with Met. 
Aids 

In U.K. 95-100 Mois shared 
with Fx. and Land Mob. 

121-5 Mc/s Aero. Emergency 
Frequency 

Met. Aids may use 151-154 
Mo/a 

156.80 Mo/s safety frequency 
for M. Mob. 

In France 162-174 Mois for 
B'est. 
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TABLE 1.—contd. 

Frequency 
Band (Mc/s) Area Services Remarks 

174-216 

218-235 
235-328-6 

328-6--335-4 
335-4-420 

420-450 

450-460 

460-470 

470-585 
585-610 

610-940 

940-960 
960-1,215 

1,215-1,300 
1,300-1,600 

1,600-1,700 
1,700-2,300 

2,300-2,450 

. 2,450-2,700 

2,700-2,900 

2,900-3,300 

3,300-3,900 

1 

W.W. 

W.W. 

W.W. 

1 

B'est. 

Aero. R. Nay. 
(a) Fx. 
(b) Mob. 
Aero. R. Nay. 
(a) Fx. 

(b) Mob. 
(a) Aero. R. Nay. 
(b) Amat. 
(a) Aero. R. Nay. 
(b) Arnat. 
(a) Fx. 
(b) Mob. 
B'cat. 
R. Nay. 

B'ost. 

B'est. 
Aero. R. Nay. 
Amat. 
(a) Fx. 

(b) Mob. 
Aero. R. Nay. 
(a) Fx. 

(b) Mob. 
Amat. 

(a) Fx. 
(6) Mob. 
Aero. R. Na 

R. Nay. 

(a) Fx. 
(b) Mob. 
(c) R. Nay. 

In U.K. 174-200 Mc/s for 
Fx., 200-216 Mo/s for Aero. 
R. Nay., 200-235 Mc/s for 
distance measuring equip-
ment 

400-420 Mc /s may be used for 
Met. Aids 

Has priority 

In France and Italy 585-685 
Mc/s for Fx. and Il'est. 

In France and Italy 585-685 
Mc/s for Fx. and West. 

In U.K. 1,300-1,365 Mc/s 
restricted to surveillance 
radar 

1,700-1,750 Mc/s may be 
used for Met. Aids 

In U.K. 2,450 Mc/s ± 50 
Mo/s may be used for 
industrial, scientific and 
medical purposes 

May be used for Met. 
Aids 

3,246-3,266 Mc/s for Raconz 
Shipborne radar 3,000-3,246 
M-c is 
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TABLE 1.—contd. 

Frequency 
Band (illets) Area Servicee Remarks 

3,900-4,200 

4,200-4,400 
4,400-5,000 

5,000-5,250 
5,250-5,650 

5,650-5,850 

5,850-5,925 

5,925-8,500 

8,500-9,800 

W.W. (a) Fx. 
(b) Mob. 

W.W. Aero. R. Nay. 
W.W. (a) Fx. 

(b) Mob. 
W.W. Aero. R. Nay. 
W.W. R. Nay. 

W.W. Amat. 

9,800-10,000 W.W. 

10,000-10,500 W.W. 
Above Not, 
10,500 allo-

cated 

(a) Fx. 
(b) Mob. 
(a) Fx. 
(b) Mob. 
R. Nay.. 

(a) Fx. 
(b) R. Nay. 
Arnat. 

5,440-5,460 Mc /s for Ra,cons 
5,460-5,650 Mc/s for ship-
borne radar . 

5,850 Mc/s ± 75 Mo/s for 
industrial, scientific and 
medical 

9,300-9,320 McIs for Racons 
9,320-9,500 Mc/s for ship-
borne radar 

'STANDARD FREQUENCY TRANSMISSIONS 

The frequencies of 2-5, 5, 10, 15, 20 and 25 Mc/s have been inter-
nationally allocated to the transmission of standard radio and audio 
frequencies, and time signals. Continuous services are in operation by 
the National Bureau of Standards from station WWV, Washington, 
D.C., and from WWVH, Puunene, Hawaii; and by the National Physi-
cal Laboratory from the Post Office Station MSF at Rugby. In 
addition, special experimental transmissions between the hours of 14.29 
and 15.30 G.M.T. daily are made from MSF on 60 ka/a. 

MSF 

The transmission schedule of MSF is shown diagrammatically in 
Fig. 24: carrier frequencies 2-5, 5, 10, 15, 20 Mc/s (three frequencies only 
are broadcast simultaneously, initially these are 2-5, 5 and 10 Me /s) ; 
power 0.5 kW; modulation frequencies 1,000 cis tone, 1 cis pulses, the 
fifty-ninth pulse in each minute being omitted. The carrier and 
modulation frequencies are all derived from the same 100-ko/s standard 
and are maintained within ± 2 parts in 108 of their nominal values. 
The frequency of the received signal may. vary throughout the day, 
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TABLE 2.—TRA.NSMITTER FREQUENCY TOLERANCES 

(Atlantic City Regulations) 

Frequency Bands and Categories 
of Stations 

Toler-
anus 
(%) 

Band 10-535 kcis 
(1 ) Fixed Stations 

From 10 to 50 kc/s . . 
From 50 kc/s to end of 
band . . . . 

(2) Land Stations 
(a) Coast stations— 

Power above 200 W 
Power below 200 W 

(b) Aeronautical stations. 
(3) Mobile Stations: 

Ship stations . . . 
Aircraft stations . . 
Emergency, lifeboat sta-

tions, etc. . . . 
(4) Radio-navigation Stations . 
(5) Broadcasting Stations . 

Band 535-1,605 kcIs 
Broadcasting Stations 

Band 1,605-4,000 kels 
(1) Fixed Stations: 

Power above 200 W • 
Power below 200 W • 

(2) Land Stations: 
(a) Coast stations— 

Power above 200 W 
Power below 200 W 

(b) Aeronautical stations— 
Power above 200 W 
Power below 200 W 

(c Base stations— 
Power above 200 W 
Power below 200 W 

(3) Mobile Stations: 
Ship stations . . . 
Aircraft stations . . 
Land mobile stations . 

0.1 

0-02 

0-02 
0-05 
0-02 

0.1 
0-05 

0-5 
0.02 
20 cis 

20 cis 

0-005 
0.01 

0.005 
0-01 

0-005 
0-01 

0.005 
0.01 

0-02 
0.02 
0-02 

Frequency Bands and Categories 
of Stations 

Toler-
alien 
(%) 

(4) Radio-navigation Stations: 
Power above 200 W 
Power below 200 W 

(5) Broadcasting Stations 

Band 4,000-30,000 kit 
(1) Fixed Stations: 

Power above 500 W 
Power below 500 W 

(2) Land Stations: 
(a) Coast stations . 
(b) Aeronautical stations— 

Power above 500 W 
Power below 500 W 

(e) Base Stations— 
Power above 500 W 
Power below 500 W 

(3) Mobile Stations: 
Ship stations . . . 
Aircraft stations . . 
Land mobile stations . 
Lifeboats, etc. . . 

(4) Broadcasting Stations . 

Band 30-100 dlcis 
(1) Fixed Stations . . . 
(2) Land Stations . . . 
(3) Mobile Stations . . . 
(4) Radio-navigation Stations . 
(5) Broadcasting Stations . 

Band 100-500 fifc/4 
(1) Fixed Stations . . . 
(2) Land Stations . . . 
(3) Mobile Stations. . . 
(4) Radio-navigation Stations . 
(5) Broadcasting Stations . 

Band 500-10,500 . . 

0-005 
0.01 
' 0.005 

0-003 
0.01 

0.005 

0.005 
0-01 

o•oo5 
(kn. 

0.02 
o•og 
0412 
0.02 
0-003 

0.02 
0-02 
0-02 
0-02 
0.003 

0.01 
0-01 
0-01 
0.02 
0-003 

0,75 

however, if there are ionospheric reflections in the transmission path. 
This error, which is flue to the movement of the reflecting layers, 
seldom exceeds ± 2 parts in 107, and for a large part of the day is not 
more than a few parts in 108. The transmitted frequencies do not, in 
general, vary from day to day by more than ±2 parts in 109. 
The seconds pulses are derived from the standard by division, and 

consist of five cycles of 1,000 cis tone. The pi ecision of the pulses is 
1 microsecond and the time interval between two pulses is therefore 

accurate to ± 2 parts in 105 ± 2 microseconds. For èxample, if the 
frequency is 1 x 10-8 high, then the time interval between correspond-
ing pulses on consecutive days is 1 x 10-8 (approximately 1 millisecond) 
less than 1 day. The time error is integrated, and in general no attempt 
is made to alter the phase of the pulses so as to make them coincident 
with uniform time. If, however, they are in error by more than 50 
milliseconds, an adjustment of 50 or 100 milliseconds is made. Such 
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59 0 

45 

44 

30 29 
Announcement 

Fla. 24.—TRANSMISSION SCHEDULE OF MSF. 
(National Physical Laboratory) 

adjustments are made on the first day of the month, and the extent of 
the adjustment is announced. 

WWV 

The broadcasts from WWV are continuous on 2-5, 5, 10, 15, 25 and 
25 Mc/s, the modulation being 440 or 600 cis tone and 1 cis pulses. The 
transmission schedule consists of four-minute tone periods (alternativeb; 
440 and 600 cis) followed by 1-minute announcement periods. The 
transmitted frequencies are correct to within ± 2 parts in 108. During 
the announcement periods at 20 minutes past and 10 minutes before the 
hour, information on propagation conditions over the North Atlantic 
route is transmitted-in Morse code: a letter indicating the conditions 
at the time of the broadcast, followed by a number denoting the 
conditions elçpected during the following 12-hour pseiod. This code is 
as follows: W—ionospheric. disturbance in progress or expected; U— 
unstable conditions, but communication possible with high power; 
N—no warning; 1—impossible; 2—very poor; 3—poor; 4—fair to 
poor; 5—fair; 6—fair to good; 7—good; 8—very good; 9-c--excellent. 
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IONOSPHERIC FORECASTING 

A radio wave propagated in empty space travels in a straight line, and 
in this context it may be considered that a wave propagated in un-ionized 
air—such as exists in the lower regions of the atmosphere—does like-
wise. It is evident, therefore, that under these conditions high-fre-
quency long-distance radio transmission could not be accomplished, 
for the wave would not bend its path so as to reach a receiver on the 
other side of the spherically shaped earth, but would go straight off into 
space. That it does, in feet, bend around the earth is due to the existence, 
in the upper atmosphere, of a region where the air is ionized by the action 
of the sun: the region called the " Ionosphere ". Because of the action 
of the solar radiation the ionospheric air contains free electrons, and 
thus acts as an electrical conductor, having the property of reflecting or 
refracting radio waves and of so bending their paths that they are 
returned to the earth's surface at distant points. 

Formation and Structure of the Ionosphere 

The upper atmosphere may be likened to an enormous chemical 
laboratory, in which the various gases—the principal of which are 
nitrogen and oxygen in both molecular and atomic forms—ere subjected 
to the action of ultra-violet, X-ray and particle radiations which arrive 
there from the sun, and which give rise to the processes of chemical 
reaction, photo-dissociation and photo-ionization. Absorption of the 
solar radiations occurs during these processes, and they do not, therefore 
penetrate to the lower atmosphere. The different gases in their 
various forms are not, therefore, uniformly . distributed throughout 
the upper atmosphere, but concentrations of a particular gas occur at 
different levels, as determined by the effects of the solar radiations. 
Consequently the photo-ionization process results in " layers" of 
ionization, each having its maximum electron concentration at a certain 
well-defined altitude. These are the D layer at an altitude of about 
70 km., the E layer at about 110 km., and F, at about 200 km., and 
the F 1 at an altitude varying with time of day and season from about 
280 to 480 km. The level of ionization• in the different layers varies 
widely with time of day and season, latitude and period in the sun's cycle 
of activity, and is a function of the rate of ion production and the re-
ct. Inflation rate, which latter is highest in the lowest layers, where the 
gas density is highest. The free-electron density is therefore highest in 
the F2 layer, and lower in each other layer in.inverse order of altitude, 
an approximate estimate being 1 million electrons per cubic centimetre 
in the F2, 100,000 in the E and 10,000 in the D. The F, is observable 
only during the day, and the D also disappears shortly after sunset. 
The E layer ionization falls to a very low value during the night, but 
some " residual " ionization persists throughout the dark hours. The 
Fs remains in being day and night. The three upper layers all possess 
the property of reflecting or refracting radio waves of different fre-
quencies, but the D layer, so far as the short-waves go, acts as an 
absorbing layer and not as a reflector. 
Bumming up the ionospheric structure, we have, during the day, the 

Ft, F1 and E as reflecting and the D as an absorbing region, and at 
night the F, with the E as a weak reflector only. 
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Measurement of Ionospheric Characteristics 

In order to make the best use of the ionosphere as a transmission 
medium it is necessary to have available a forecast map detailing the 
ionospheric conditions likely to prevail all over the world. The basis 
upon which such maps are prepared is the regular hourly measurements 
now being made at some 100 ionospheric observations spread over the 
earth's surface. 
A pulse of radio energy sea vertically upwards from the ground will 

travel at a constant velocity through the un-ionized air, but when it 
enters an ionospheric layer its velocity is reduced, to a degree depending 
on the density of the free electrons and inversely on the square of the 
frequency. In other words, the ionosphere has a refractive index which 
becomes progressively less than 1 the denser the free plectrons become. 
At the level where the relationship between the wave frequency f and 
the electron density N reaches a certain critipel 7alue the refractive 
index becomes zero, and the pulse can no longer be propagated but is 
reflected downwards. If N is the maximum density of electrons in the 
layer all frequencies less than that necessary to produce the critical 
relationship will be reflected back to earth: all those greater than this 
will pass through the layer. The value of f when N is the maximum 
density of electrons is called the " critical " frequency, and is the highest 
frequency to be returned at vertical incidence. 
Measurements at the ionospheric observatories are made by an 

equipment which automatically switches on at hourly intervals and 
sends pulses vertically upwards, starting on a low frequency and sweep-
ing rapidly up in frequency. The pulse " echoes " from the ionosphere 
are received and displayed on an oscilloscope calibrated in terms of 
frequency and effective height of reflection, and the display is photo-
graphed, the film being moved in suitable steps corresponding to the 
steps of the frequency sweep. In this way a curve of effective height 
against frequency (an h'—f curve) is traced out, from which the signi-
ficant ionospheric quantities may be read off. Fig. 25 shows a typical 
h'—f curve, in which foE and for1 are the critical frequencies of the E and 
F1 layers, and Pr0 and Ppt are respectively , the critical frequencies for 
the ordinary and extraordinary waves for the F2 layer. The wave in 
this latter case is split into two components by the action of the earth's 
magnetic field, but for, is the more important quantity._ 

Normal Variations in Electron Density 

Regular world-wide measurements of the ionosphere have disclosed 
the nature of the normal variations in electron density, as shown by the 
large variations in the critical frequencies of the layers. These are, 
first, variations following those in the sun's zenithal angle, which result 
in large diurnal, seasonal and geographical variations, secondly, those 
consequent upon the eleven-year cycle of activity of the sun itself, which 
result in a long-period variation in the critical frequency, and thirdly, 
those produced by upper atmosphere variations and by geomagnetic 
effects which produce anomalous variations in the Ft layer only. The 
graphs of Fig. 26 will help to clarify the matter. All the layers except 
the F2 behave similarly and in a regular manner, the geographical 
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distribution being such that their critical frequencies are highest at the 
sub-solar point, i.e., where the sun is overhead at noon, and decrease 
more or less symmetrically towards the north and south poles, and east 
and west towards the dark zone. At a given point (see Fig; 26) they are 
either non-existent or have an unmeasurably low critical frequency at 
night, one that increases from sunrise to reach a peak at noon and a low 
value again at sunset, and one that is higher in summer than in winter. 
The geographjcal variation in the F, layer is such as to produce peaks 
in the day hemisphere a few degrees north and south 'of the magnetic 
equator, with the critical frequencies decreasing towards the north and 
south poles, and being low in the night hemisphere. In mid-latitudes 
(see Fig. 26) there is a general decrease during the night and an increase 
around sunrise. But the layer behaves anomalously in two respects: 
(1) its daytime critical frequency is lower in summer than it is in winter; 
(2) in summer the peak critical frequency occurs, not near noon as in 
winter, but around sunset. As to the effect of the eleven-year solar 
cycle it is the same for all the layers, resulting in a gradual increase in 
critical frequency from the time when the sun is least active (sunspot 
minimum) to peak values, when its ionizing radiations are most intense. 
The order of increase is, however, much greater for the F2 than for the 
other layers, and is greater for that layer at noon in winter (2-0-2.5 
times) than at any other time. 

All these variations must be taken account of in preparing the 
forecast maps of ionospheric conditions. 

Radio Transmission via the Ionosphere 

In radio transmission over a distance the wave is, of course, incident 
on the ionosphere not vertically, as in measurement work, but obliquely. 
It has already been mentioned that when a wave enters a region where 
the air is ionized its velocity is altered, and the wave velocity is, in fact, 
increased * to a degree depending on the frequency and the density of 
the free electrons. It can easily be seen that, with electron density 
increasing from the lower boundary of a layer upwards, a wave incident 
on the layer obliquely will always have the upper part of its wave front 
in a region of higher electron density than its lower part. Therefore 
the upper part will travel faster than the lower and the wave path can no 
longer be a straight line, but will curve round so as to describe a 
trajectory which is finally in a downward direction again. Thus the 
wave is refracted and returns to the earth's surface where it is reflected 
upwards again, and so travels onwards in a series of hops, as in Fig. 27. 

In applying the vertical-incidence measurement data to transmission 
over a distance we make use of an obliquity law, according to which 
there is, for every frequency f which is reflected at a given height at 
vertical incidence, a frequency f' which is reflected at the same height at 
oblique incidence, and f' = f. sea A, where A is the angle the wave 
makes with the normal to the layer (see Fig. 27). Thus when f is the 
critical frequency of the layer f. sec P is the highest frequency returned 
at any distance, and is called the Maximum Usable Frequency (M.U.F.) 
for that distance. 

• Though the velocity of the pulse as a whole is decreased, i.e., the group 
velocity is decreased, the wave velocity is increased. 
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TABLE 3.—M.U.F. FACTORS 

Distance 
(km.) 

E 
layer 

F, 
layer I', layer 

Sunspot maximum 
• 

Sunspot minimum 

June December June December 

Mid- Mid- Mid- Mid-.. 
nteg 

blborto N on night Boon night — „,_ „7"""' night 

500 2-00 1-35 1.08 1-68 1.15 1-08 1.20 1-20 1-32 1.16 
},000 3-36 1-90 1.24 1.21 1.45 1-24 1.55 1-55 1-75 1.53 
1,500 4.22 2-58 1.55 1.55 1.85 1-55 2-06 2-06 2.40 2.00 
2,000 4-77 3.05 1-80 1-80 2-25 1.80 2-45 2-45 2.90 2.33 
2,500 5.20 349 2-15 2-15 2.62 2-15 2-75 2.75 3-25 2.70 
3,900 — 3-65 2-40 2.40 2.90 2.40 3-1Q 3-10 3.60 3-00 
4,000 — — 2-70 2-70 3-18 2-70 3.38 :3.38 3-84 3.28 

The secant law is strictly true only for a fiat earth, and is modified by 
the ionospheric curvature and also by the effect of the earth's magnetir 
field on the free electrons. It is usual to take these effects into account 
and to express the result as a M.U.F. Factor,.4y which the vertical 
incidence critical frequency must be multiplied in order to obtain the 
M.U.F. for any layer and distance. In the case of the E and F, layers 
therè is little variabi/4 in the Factors from time to time, but the F 2 
Factor varies considerably with time of day, season and over the sunspot 
cycle, owing to variations in its height and semi-thickness. Table 3 
gives M.U.F. Factors for various layers and distances, appropriate to 
these latitudes. 

It is usual, in ionospheric work, to use the monthly mean values of 
the measured data, and since in the F2 layer there is considerable day-
to-day variatiop, the monthly mean M.U.F. is the value which will not 
be exceeded on 50 per cent of the days. By deducting 15 per cent 
from this a quantity called the Optimum Working Frequency (0.W.F.) 
is found, which is considered to be applicable to all the undisturbed 
days of the month. 

-----
------

--------- ---

FIG. V .—PROPAGATION BY HOPS BETWEEN IONOSPIIERIC LAYERS 
AND EARTH. 
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Ionospheric Contour Maps 

There are several different methods in use today for applying the 
world-wide ionospheric data to practical short-wave problems, but we 
shall confine ourselves here to the one used in the United Kingdom. 
This makes use of the ionospheric contour maps published by the 
Department of Scientific and Industrial Research (D.S.I.R.). 

Suppose that the monthly mean measured F 2 critical frequency data 
from the 100 observatories are assembled, and that the value for each 
station appropriate to every second hour Universal Time is entered upon 
twelve Mercator maps in its correct latitude and longitude (one map 
for each second hour), then by joining up the values of equal critical 
frequency twelve critical frequency contour maps are produced, appro-
priaté to every two hours from 0000 to 2200 Universal Time, showing 
the world-wide distribution of critical frequency. Similarly, by first 
multiplying the critical frequency values by the 4,000-km. M.U.F. 
Factors appropriate to each station, the maps can be made to show 
the 4000-km. M.U.F. contours, instead of those of critical frequency. 
But what we need for practical use are contour maps showing, not 

conditions as they were in some past month, but forecast maps showing 
conditions as they will be during any month up to six months ahead. 
It will be remembered that the principal cause of variation in the world-
wide hourly distribution of critical frequency as between a given month 
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and the same month of a future year are the effects of the eleven-year 
solar cycle. These variations have different values at different times of 
day, seasons and geographical positions, but it can be seen that if the 
measured values are corrected for the effects of these variations, then it is 
possible to produce a set of critical frequency or 4,000-km. M.U.F. 
contour maps for a month in the future. This description gives only 
the bare principles of the production of such maps, but they are the 
basic material with which the short-wave engineer has to work in the 
planning of his frequency schedules. 

Figs. 28 and 29 are examples of such maps. They are published by 
permission of the Director of Radio Research, Slough of the Department 
of Scientific and Industrial Research. Maps are prepared on a similar 
basis showing the contours for the E and F1 layers. 

In order to use the maps to give the M.U.F. and O.W.F. for a one-hop 
circuit it is only necessary to draw in the great-circle path from trans-
mitter to receiver as in Fig. 28 and to locate the position of the centre of 
this path. This is the ionospheric point where refraction occurs, and 
by reading off the value for this point from each of the twelve F, maps 
in turn, a circuit curve of M.U.F. said 0.W.F. may be constructed for the 
24-hour day of the month in question. (It is not, of course, necessary 
to draw the great-circle path on all the maps; but merely to locate-
the centre point.) The values may be either read off from the cri teal-
frequency map and multiplied by the M.U.F. Factor appropriate to the 
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distance, or from the 4,000-km. M.U.F. map and multiplied by a 
Distance Factor which is less than unity, or obtained by a combination 
of these methods. 

If the length of the transmission path is greater than 4,000 km. it 
cannot be covered in one hop, and up to about six hope between iono-
sphere and earth may be necessary to cover the longest paths. • Where 
multiple-hop transmission occurs it cannot be treated as a simple 
extension of the one-hop case because of complexities introduced by the 
ionosphere, such as diffusion of the rays, scattering of energy, focusing, 
etc. Resort is therefore made to an empirical method for solving the 
problem, and this is at present widely usec1 as giving the beat results. 
No matter what the distance between transmitter and receiver, the 
great-circle path between them is drawn, as in Fig. 29, and a point 
2,000 km. from either end is located. These are called the " control 
points" and the M.U.F. is read off for both points from each of the 
twelve 4,000-km. M.U.F. maps in turn, but for each map reading the 
higher of the readings is struck out (again it is unnecessary to draw 
the great-circle path on all the maps, but merely to locate the two 
control points). It will be noted that the 2,000-km. control points 
locate the ionospheric positions where a radio wave, travelling by the 
most oblique possible path so as to traverse 4,000 km. in a single hop, 
would undergo refraction either after leaving the transmitter or before 
reaching the receiver. The 4,000-km. M.U.F. maps are therefore used 
for all multiple-hop transmission paths, and the geographical vdriations 
along the path are thus taken account of by using the M.U.F. indicated 
for the control point where it is lowest. If refraction occurs at this 
frequency at this point, it will occur at that frequency (or even higher 
ones) at sil other points along the path. A circuit curve of M.U.F. 
and O.W.F. is then constructed for the multiple-hop circuit, using the 
lower of the two readings for each hour. 

Effects of E and F1 Layers 

In the case of multiple-hop transmission it is generally assumed that 
transmission is by way of the F, layer at all times (except when there is 
high-density Sporadic E) and the procedure described above suffices to 
find the M.U.F. and O.W.F. For , one-hop circuits, however, it is 
possible that, over a certain rangé of distances and for a limited period 
of time around noon, the E or F, layer may control the M.U.F. This is 
because, though the electron density in these layers is much less than 
in the F1, because they are lower down in. the 'atmosphere, the angle 
of incidence on the layer in covering a short distance is greater than 
on the F2 for the same distance. Thus the F1 and E M.U.F. Factors 
for a given distance are greater than those for the F2 (see Table 1), and 
this may result A their having the higher M.U.F. This matter is dealt 
with by reading, from the E or F1 contour map, the M.U.F. for trans-
mission by those layers for a few hours around noon, comparing the 
results with the M.U.F.s obtained from the F 2 maps, and striking out 
whichever M.U.F. is the lower. One is then left with the controlling 
M.U.F. for the circuit, be it by way of the E, F1 or F,. No allowance 
for day-to-day variation is necessary for E and F1 transmission, i.e., 
the 0.W.F. is assumed to coincide with the M.U.F. 

Fig. 30 is an example of a monthly circuit curve as obtained by the 
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methods described. Fig. 31 is a curve for the same circuit for the same 
month, but for a year when sunspot activity was much higher. 

The Lowest Useful Frequency 

Circuit curves such as those of Figs. 30 and 31 contain all that is neces-
sary to indicate the best frequency on which to operate a long-distance 
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circuit, if the principle is observed of always working on the frequency 
nearest to the O.W.F. It is, however, useful to have one further piece of 
information, and that is an indication of the lowest frequency on which 
it is possible to work. For as frequency is reduced below the O.W.F. 
the absorption to wllich the wave is subject increases, until eventually a 
frequency is reached on which the field strength falls to a value which 
is inadequate for the service. The lowest frequency on which satis-
factory field strength can be obtained is the " lowest useful frequency" 
(L.U.F.). The problem of finding this quantity is complicated, as it 
involves radiated power and directivity of aerials, world-wide variation 
of D layer absorption, world distribution of.atmospheric radio noise, 
etc. But, as has been said, if the working frequency is chosen so as to 
be as near below the O.W.F. as possible, then the absorption on that 
frequency will be as low as it is possible to achieve for that particular 
circuit. It will be obvious, also, observing that the absorbing D layer 
disappears at night, that for a darknecs path the L.U.F. will fall to an 
unimportant low value. 

Ionospheric Disturbances 

The above is a brief description of the main features of forecasting the 
normal ionospheric conditions which govern radio transmission. From 
time to time, however, the ionosphere is subject to violent disturbances, 
which temporarily produce abnormal conditions and so disrupt. com-
munications. For many years attempts have been made to forecast 
the, onset of these ionospheric disturbances, but this has proved to be a 
difficult business. There are two distinct kinds of disturbances—one 
very short lived—but, the principal kind, or ionospheric " storm ", 
is almost certainly caused by the arrival in the ionosphere of streams 
of corpuscles which have been emitted from the sun about 30 hours 
earlier: the same corpuscles which give rise to displays of the aurore 
and to disturbances in the earth's magnetic field. The forecasting 
problem is to identify some phenomenon which would positively 
indicate that the corpuscles were leaving th.) sun. Sunspots, solar 
flares and many other phenomena have been studied and, though the 
corpuscles are known to be associated with these, it has not yet been 
found possible to obtain accurate forecasts on this basis. In fact, the 
most reliable forecast material at present is the known strong tendency 
of the storms; during the decreasing phase of the sunspot cycle only, 
to repeat themselves at intervals of twenty-seven days. This corre-
sponds to the approximate rotation period of the sun upon its axis, so 
that if a persistent corpuscular stream is emerging from a certain solar 
region so as to reach the earth (and such persistent streams occur only 
during the decreasing phase of the cycle), then in twenty-seven days time 
that region will again be in the same position relative, to the earth, and 
the stream will start another ionospheric disturbance. It should be 
added that the observation of noise bursts from the sun on a number pf 
different frequencies appears, at the present time, to offer promising 
hope of identifying the position of the corpuscles as they travel outwards 
from the sun through the solar corona. 

T. W. B. 
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45. INDUSTRIAL TELEVISION 

For an industrial television system the basic requirements are 
reliability and operational simplicity, combined with ruggedness and 
initial 'ow cost. The equipment must be designed so that it can be 
operated by personnel whose only knowledge of television may lie in 
owning a domestic television receiver. The equipment may have to be 
operated twenty-four hours a day, every day, and may be situated in 
dusty, hot or cold, wet or humid surroundings. 

SCANNING SYSTEMS 

When the scanning standards for a public television service are chosen, 
a great many points have to be weighed up before a final decision is 
reached. These points are largely concerned with economic factors, 
the quality of the resulting picture being chosen on a value-for-money 
basis. 
When television is used for industrial purposes—in this Section the 

term " Industrial " is taken to refer to all non-entertainment applica-
tions of television—the scanning standards can be chosen so that they 
best fulfil the needs of a particular situation. Where, for example, it is 
required to transmit still pictures over a low band-width line, a slow 
scanning rate would be adopted and the received information viewed 
on a cathode-ray tube having a long-persistence screen. 
However, the majority of applications require the use ox scanning 

rates similar to, or identical with, broadcasting standards, i.e., a scanning 
raster of some 400-800 lines per picture. Out of the television standards 
employed by the various world authorities, the only universal feature 
is the adoption of a 2: 1 scanning interlace, this feature being worth-
while because of the twofold saving in band-width obtained for a given 
picture flicker rate. Some industrial television applications, however, 
benefit by the use of a sequential scanning system, especially those 
involving photographic recording of the televised image as happens, for 
example, in the new electronic method of film making,* or when a 
television system is used in astronomy. 
Where the televised scene emits very 'feeble quantities of light, as can 

happen in astronomy, it mr.y be necessary to employ to the fullest 
advantage the storage action * of the camera tube, the storage action 
being the accumulation of the picture charge before its evaluation by the 
scanning beam. Since with normal repetitive periodic sessining and a 
suitable type of camera tube the maximum storage time is the duration 
between successive scannings, in order to derive fullest benefit of the 
storage action it Is necessary to employ a non-repetitive mode of 
scanning. 

This could mean scanning the camera tube with a single frame of, say, 
400 lines in „-1- second at a selected time, recording photographically the 
picture briefly displayed on the monitor cathode-ray tube. 

Apart from these highly specialized applications of television, the 
45-2 • 
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majority of industrial television requirements—telemetering and remote 
viewing in general—can be fulfilled by equipment operating on, or close 
to, normal scanning standards. Indeed, in many cases a simple 
" random " type of scanning is adequate or advisable because of its 
extreme simplicity. The term " random " is used because the raster 
produced has neither the appearance of a definite interlaced raster nor 
a true sequentially scanned raster, the timing of such a system being 
dependent on two master oscillators, one running at the line-scanning 
frequency and the other at the frame-scanning frequency. This mode 
of operation produces a «raster whose lines will twinkle in and out of 
interlace, as there is no definite relationship between the line- and frame-
scanning frequencies. 

SYNCHRONIZING PULSE GENERATION 

The generation of the synchronizing signal can follow conventional 
broadcast standards and produce a waveform similar to that used by 
the B.B.C. (Section 10, Fig. 3) or that recommended by the C.C.I.R. 
In many cases the production of a composite waveform is not necessary, 
since the video signal and the two synchronizing signals can be fed to 
the appropriate circuits separately. Where a composite waveform is 
required, the serration of the frame-synchronizing pulse can often be 
dispensed with, as the signal is generally fed over a closed circuit and 
there is no noise in the pulses to cause timing errors. 
A typical composite waveform for an industrial television equipment, 

operating on the 405- or 625-line, 50-field systems, is shown in Fig. 1. 
As will be apparent, the only essential differenco between this and the 
B.B.C. type waveform is that the frame-synchronizing signal consists 
of a single pulse of approximately the same duration as a sciirming line. 
The 2: 1 interlace relationships of the line and frame pulses can be 

achieved by the general scheme outlined in Fig. 2, where if a 405-line, 
50-field systèrn is considered, the master oscillator must operate at a 
frequency 405 x 50 cis = 20,250 cis. From the master oscillator 
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operating at 20,250 c/s, a divider circuit dividing by 405 will produce the 
frame-timing pulse, while a circuit dividing the master oscillator fre-
quency by two will produce the line-timing pulse. 
The master oscillator could be a multi-vibrator, a blocking oscillator 

or a stable sine-wave oscillator feeding a pulse-forming circuit. The 
divider circuit could employ stases of binary counters with feedback 
applied, as is the normal television station technique, the feedback 
being necessary to enable the odd number ratio of 405 to be counted. 
Since 405 has the factors 27 and 15, two blocks of binary counters 
dividing in these ratios will produce the frame-ti,ming pulse. 
While the binary counters have excellent characteristics, it is possible 

to obtain larger counts per stage with a good degree of stability by using 
step-counter circuits blocking oscillators or flip-flops. 
A selection of these circuits is shown in Fig. 3, and with these stable 

operation is possible with counts of up to seven per stage. Considering 
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405-line operation, the fact that 3x3x 3x 3 x5 is equal to 405 
means that the frame pulse can be derived from the master oscillator 
in five stages. Fig. 3 (a) shows a step counter, so called from the wave-
shape obtained at the test point at the junction of C, and C,. C3 is 
about ten times 03, and C, is about ten•times C1. When a series of 
positive pulses is fed into the counter through C1, the capacitor C, 
receives a charge increment for each input pulse, the increment depending 
on the ratio 01/C5, while the diode V, prevents the capacitor C, from 
accumulating any charge. By propOrtioning correctly the input pulse 
voltage and the ratio C1/02, it can be arranged that the blocking 
oscillator V, remains biased off until, say, five input pulses have been 
counted. When this occurs, the positive charge on capacitor C, has 
just exceeded the cut-off point of the blocking oscillator, which con-
ducts, discharging C, and causing a single pulse in the output circuit. 
By making C1 variable, it is possible therefore to set the count" of 

the stage to the desired value. 
Although a blocking oscillator is shown and discussed as the dis-

charging element of the step counter, a multi-vibrator circuit would 
perform a similar task. 

It, is quite possible to use blocking-oscillator or multi-vibrator. circuits 
as frequency dividers directly. Fig. 3 (b) shows a blocking oscillator 
suitable for frequency division where the oscillator frequency is con-
trolled by-the time-constant R-C and the voltage V,. Positive pulses of 
higher frequency are inserted at the synchronizing terminal, and appear 
at the valve grid added to the grid waveform; the frequency of the 
oscillator can be adjusted so that the oscillator fires on the required 
synchronizing pulse, say, the second, third or fifth, prodneing one pulse 
in the output. 

Fig. 3 (c) shows a multi-vibrator circuit which has been used for 
frequency division.3 As in the case of the blocking oscillator, the 



45-6 RADIO AND TELEVISION REFERENCE BOOK 

frequency is determined primarily by the values of R and C. By 
adding positive pulses to the sawtooth voltage developed across C, the 
circuit can be operated as a frequency divider. 

So that the effects of residual " mains hum" in the equipment shall 
not be troublesome, .it is common practice to lock the derived field 
frequency to the supply-mains frequency, wherever possible. In order 
to preserve the division ratio it is necessary to employ-a discriminator 
circuit to compare the generated field frequency with the supply mains 
frequency, any frequency difference producing a voltage used to correct 
the frequency of the master oscillator. Such a scheme is shown in 
Fig. 4. 
The line and frame (field) pulses obtained from the divider circuits 

could be used as synchronizing pulses directly and, by applying them to 
widening circuits, blanking signals can be generated. 

Although the frequency dividers were described in connection -with 
interlaced seannhig systems, by merely altering the division ratio from 
an odd to an even number they apply to sequential scanning systereis. 
For the random type of scanning referred to under " Scanning 

Systems ", blocking oscillators of the type shown in Fig. 3 (b) are 
admirable. Good results can be had by employing one oscillator 
locked to the supply frequency to generate the frame pulses, and another 
running free at line speed to produce the line pulses, the number of 
lines in the raster being adjustable by varying the line-oscillator 
' frequency control. 

THE FLYING-SPOT SCANNER 

The simplest television system uses the " Frying Spot" technique to 
generate the picture signal. 
The basic principle of a cathode-ray-tube flying-spot scanner is illus-

trated in the three sketches comprising Fig. 5. The essential com-
ponents are the flat-faced scanning tube with the conventional means ot 
focusing and deflecting the scanning beam, and the photocell usually 
combined with a secondary emission multiplier in order to obtain 
optimur_. signal-to-noise ratio. The transparency or picture to be 
televised is placed betwain the tube and the photomultiplier. The 
first two examples in Fig. 5 refer to the transmission of slides (trans-
parent pictures), the simplest scheme being indicated in (a), where the 
slide is placed in contact with the front plate of the scanning tube and a 
photocell with a small apeiture is positioned some distance away. 

• e the luminous spot traces out the raster on the screen, the light 
received by the photocell is modulated by the local transparency of the 
slide, and in this manner the picture content is translated into a 
sequence of electrical impulses. Whilst this arrangement can be very 
useful as a simple and inexpensive 'signal generator, an optical imaging 
process—as shown in Fig. 5 (b)—is required to produce pictures of high 
quality. Here the plane of the screen is imaged on to the elide, the 
transmitted light being collected by the condenser lens and passed to 
the photomultiplier. Fig. 5 (e) shows a means of televising opaque 
pictures. The scanning spot is again imaged on to the object, while an 
arranement of photomultipliers picks up the diffusely reflected light. 
which will change from point to point, depending on the picture content. 

It is necessary that the phosphor of the scanning cathode-ray tube 
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FIG. 5—THREE EXAMPLES OF FLY TNO -SPOT SCANNING WITH 
CATHODE-RAY TUBES. 

should have a short afterglow, otherwise effects will be produced in the 
picture similar to those caused by a poor high-frequency response in the 
amplifier. 

Afterglow effects are illustrated in Fig. 6 (a), where photographs show 
the results obtained when a slide consisting of a white rectangle on a 
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(co - 
FIG. 6.—TELEVISION PICTURES AND OSCI LT; /GRAMS SHOWING THE EFFECTS or 
SCANNING-TU BF. PHOSPHOR ArrErtar.ow : (a) UNCORRECTED; (b) CORRECTFII 

BY ILI DIFFERENTIATING CIRCUITS. 

black field is scanned by e cathode-ray tube of the typo used in a normal 
television receiver. The oscillogram exhibits the waveform along one 
scanning line crossing the white rectangle, and the picture shows the 
image reproduced on the receiver tube smeared by tho afterglow effects. 
The smearing or integration of the picture waveform indicates that the 
circuits necessary for the correction of this distortion must take the form 
of differentiating circuits. These can be frequency dependent cathode 
feedback circuits 4 of the type shown in Fig. 7. 

Generally, the screen-decay characteristic is not a single exponential, 
but consists of several components of different time constant; and the 
waveform is a superimposition of the individual decay components. 
Closer approximation to the screen material decay characteristic results 
if several compensating circuits of different time constant aro used. 

OUTPUT 

INPUT 

Fie. 7.---EXAMPLE OF A CIRCUIT FOR 
EFFECTING AFTERGLOW CORRECTION FOR A 

FLYI NG • SPOT SCANNER. 
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Fig. 6 (6) shows that the slide can be faithfully reproduced when the 
correcting circuits are adjusted for optimum results. 

Since the signal output from the flying-spot scanner is at all times 
proportional to the slide transparency, it follows that the signal pre-
sented to the viewing receiver will have unity gamma. Due to the " up-
gammaing " action of the receiver cathode-ray tube, it follows that the 
overall gamma of the system would be greater than unity, resulting in 
the loss of details in the darker tones of the picture. For the trans-
mission of half-tone pictures of optimum quality it follows that a 
gamma-correction stage in the video amplifier is necessary.r> 

Applications 

Flying-spot scanners of the type shown in Figs. 5 (b) and 5 (c) are 
particularly suitable for the transmission of documentary information; 
this can take many forms, such as diagrams of all kinds. mierophoto-
graphic records, finger-prints, the checking of signatures in banks, etc. 
A particular application could be the inspection of photographic 

negatives before having prints made, since it is a simple matter to 
reverse the polarity of the displayed picture. 

THE PHOTOCONDUCTIVE TYPE CAMERA TUBE 

Prior to the development of the photoconductive type of camera t ube, 
i.e., the American " Vidicon ", and the British " Stat icon ", industrial 
television camera designers were restricted to using the highly sensitive 
Image Orthicon,' a tube from the Orthicon 8 or Image Iconoscope 
family, or the very insensitive Farnsworth Image Dissector.' While 
the storage-type camera tubes mentioned are capable of excellent per-
formances, they have a high initial cost and are large and bulky, 
especially *hen associated with their focus and deflection coils. 
The photoconductive type camera tube shown in Fig. 8 provides an 

opportunity for the expansion of television in industry because of its 
comparatively low initial cost, operational simplicity and small dimen-
sions, the tube being only 6} in. long and I in. in diameter. The 
construction arid mode of operation of the tube can be appreciated from 
Fig. 9. 

IN 

FIG. 8.—PflOTOGRAPII OF A PHOTOCONDUCTIVE TYPE OF CAMERA 
TUBE, THE STATICON. 

(eathodeon Ltd.) 



415--xo RADIO AND TELEVISION REFERENCE BOOK 

LOAD 
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4-et 

FOCUS COIL 

1 1:14-- BEAM ALIGNMENT 
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ELECTRON GUN 

 iö.DEFLECTION COILS 

AMPLIFIER 

(a) 

ELEMENT 
CONDUCTIVITY 

STORAGE 
ELEMENT 

LIGHT 

TARGET 
BIAS t 

SCANNING BEAM 

GUN CATHODE 

(b) 

FIG. 9.—FUNCTIONAL DIAGRAM OF A PHOTOCONDUCTIVE TYPE OF 
CAMERA TUBE. 

Principle 

Tho storage target consists of a homogeneous layer of semi-conducting 
material (P) backed by a transparent signal plate ( S). The t-ansverse 
resistance of the semi-conductive layer is such that the storage target 
can be considered as a large number of discrete storage elements or 
capacitors, each with a common electrode—the signal plate. One of 
these storage elements is depicted by the sketch Fig. 9 (b). The scene 
to be televised is optically focused on the storage target. This is 
scanned orthogonally by a low-velocity beam of electrons emitted by 
the electron gun, and the target surface potential stabilized to that of 
the electron-gun cathode. The signal plate is held at a potential e, 
some 20-30 volts positive relative to the gun cathode. In the absence 
of light the conductivity of the target material is so low that no appreci-
able current can flow through the target to the signal plate. Should 
the target be exposed to light, the conductivity of each elementary area 
will increase in proportion to the incident light level, causing these 
storage elements to behave as charged capacitors which have a leaky 
dielectric. Since one plate of these elementary capacitors has its 
potential fixed by the target bias e1, the potential of the other plate will 
rise towards e, by an amount depending on the light level falling on the 
element. During the following scanning cycle the scanning beam will 
deposit electrons on the discharged parts of the target, restoring the 
storage surface to cathode potential. This action will cause a current to 
flow in the signal-plate lead, developing a voltage across the load resistor 
R. This voltage constitutes the video signal. The polarity of the signal 
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+100y 

TARGET 
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BEAM 
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6.3V 
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FIG. 10.—THE SUPPLIES NECESSARY TO OPERATE A VIDECON OR 
STATICON TYPE OF CAMERA TUBE. 

VIDEO 
AMPLIFIER 

+300V 

100101 
BEAM 

0.1 FOCUS 

n 200 K.C1 

BLANKING 
PULSE 

is such that a negative swing corresponds to illuminated parts of the 
scene. 

Fig. 10 indicates the supplies necessary to operate the Staticon or 
Vidicon. The electron beam is produced by the gun assembly, tom-
prising the heated cathode k, control grid g, and the accelerator anode 
gl. The beam is focused by the combined action of the magnetic field 
produced by the focus coil extending over the length of the tube, and 
the electric field from the cylinder anode and mesh g,, g,, the mesh 
being located across the end of g, and parallel to the surface of the 
target. The function of the mesh is to provide a uniform electric field 
over the target surface, which, in conjunction with the uniform magnetic 
field, ensures that the scanning beam approaches the target with normal 
incidence at all times, a condition essential for even signal generation 
over the storage surface. 

Routine beam-focus adjustments are normally made by varying the 
voltage applied to the cylinder anode g, g,, while keeping the magnetic 
field contant. The usual value of magnetic flux is 40 gauss measured 
in the centre of the ccil. 
The magnitude of the signal current is Of the order of 0-1-0-2 gA for 

a peak white signal, and the sensitivity of the tube is such that satis-
factory pictures can be obtained with wide aperture lenses, e.g., F1-9 
with an incident scene illumination of the order of 50 foot-candles. 
The target size is a format of 4 X 3 aspect ratio having a diagonal of 

16 mm. allowing the standard range of 16-mm. ciné camera lenses to be 
used, while the colour response of the tube is similar to that of pan-
chromatic film. 
From the foregoing description of the manner of signal generation it 

will be obvious that it is necessary for the scanning-beam intensity to be 
sufficiently high to discharge fully the picture highlights. If this is 
not so, the highlight signal will appear" clipped " and devoid of details; 
also, should the scene content change, the highlights will not have been 
discharged by the scanning beam, and will therefore contribute a 
spurious signal. 
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KEYED VIDEO D.0 AMPLIFIER RESTORER 
H PRE-AMPLIFIER W TH COMPENSATION CIRCUITS  DEFLECTION COILS 
V.C.)CUS COIL 

CAMERA  TUBE  

BLANKING SYNC PULSE INSERTION INSERTION  

SYNCHRONISING PULSE GENERATOR  HBLANKING GENERATOR 

e 

TIME-BASES 
ALL SUPPLIES 

I ++ POWER UNIT 

OUTPUT! CIRCUIT' 

MONITOR f-R.F OSC AND MODULATOR 
Fl.F OUTPUT VIDEO OUTPUT 

FIG. 11.—BLOCK SCHEMATIC OF A TELEVISION SYSTEM USING A 
PHOTOCONDUCTIVE TYPE OF CAMERA TUBE. 

TYPICAL PORTABLE EQUIPMENT 

The small size of the photoconductive type pick-up tube enables 
portable industrial television equipment to be manufactured. Such 
equipment is available in several forms in the U.S.A.3 and in Great 
Britain. A typical style of industrial equipment employs a complete 
television system in one package of about 16 x 6 x 4 in.; twenty-
three valves are utilized to generate the picture, which may be on any 
of the 405-, 525- or 625-line systems, including a modulated radio. 
frequency outlet. This is shown. in action in Fig.». (a). 
The circuits necessary to control a Staticon or Vidicon type pick-up 

tube and " shape " the television signal are indicated in the block 
schematic Fig. 11. 

Video Amplifier 

Considering the design of the video amplifier and the band-width 
required to do full justice to the resolving power of the pick-up tube—as 
these tubes can resolve 800 vertical black and white bars across the 
picture—it follows that, for a 405-line system, it is necessary to aim at 
a video band-width of about 5 Mc/s. Since a typical value of signal 
output from the pick-up tube is 0.1 µA, the signal voltage developed 
across the load resistor (50 ka in Fig. 10) will be of the order of 5 mV. 
Due to the capacitance which inherently exists in parallel to this 
resistor, this value of signal voltage will apply to the low-frequency 
components only. Should this shunt capacitance be, say, 20 pF, at 
5 Mc in the input signal would be developed across about 1600 ohms, 
making the signal input to the amplifier about one-thirtieth of the low-
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frequency value. Suitable differentiating circuits must he incorporated 
in the amplifier to effect the necessary compensation of this integrated 
input ègnal. This can be done by cathode-féedback circuits of similar 
time constant to the input (integrating) circuit, or by feedback 
techniques as described in recent papers.". 
The signal-to-noise ratio of the video signal generated by a Vidicon 

or Staticon is determined by the noise threshold of the preamplifier, 
and in particular by the first amplifier valve. For best results, there-
fore, valves having a low figure of equivalent noise resistance should be 
chosen. This will enable good signal-to-noise ratios to be maintained 
while operating under low, light-level conditions. 

Timing and Scanning Circuits 

The synchronizing pulse generator can be built round any of the basic 
circuits discussed earlier, while the time-bases can be of conventional 
design. 

Blanking Generator 

The blanking generator must produce pulses at line and frame fre-
quencies suitable for suppressing the scanning beam of the pick-up 
tube during the retrace times. The pulses may be applied to the 
cathode of the electron gun (see Fig. 10) and should be about 25 volts, 
positive-going. 

D.C. Component 

It will be apparent from the mode of signal generation that black in 
the picture will correspond to zero signal current: this, of course, happens 
also in the intervals when the scanning beam is suppressed; thus the 
signal from the tube contains a black-level reference period. By 
employing a " keyed clamp " circuit in the amplifier, operating only 
during the line-blanking periods, the D.C. component of the signal can 
be restored. Blanking and synchronizing pukes can then be mixed 
with the video signal to complete the composite waveform. 

Signal Distribution 

To enable domestic television receivers to be employed as picture 
monitors without modification, it is necessary to have available a 
signal output in the form of amplitude-modulated radio frequency. 
This can be provided by a simple two-valve unit consisting of an 
oscillator covering the range 41-68 Mc is and a modulator stage capable 
of feeding a 75-ohm line with about 100 mV of signal. Several receivers 
can be simultaneously used on such a signal, using a simple resistive 
distribution network. 
In practice, the oscillator frequency is adjusted to one of the B.B.C. 

television frequencies other than that of the local transmission. 
Where long distances—Of the order of some thousand feet—separate 

the camera and monitor, it is an advantage when distributing the signal 
by transmission line to do so at radio frequency. Should a system of 
video distribution be used, the higher-frequency components of the 
signal will be attenuated by the transmission line, necessitating fre-
quency-correction at the received end. The radio-frequency signal is 



45-14 RADIO AND TELEVISION REFERENCE BOOK 

merely attenuated by the transmission line, and due to the large signal 
available from the camera, in many cases no further amplification is 
necessary. 

Since many industrial television installations comprise several cameras 
and one viewing point, a further advantage can be gained by radio-
frequency distribution. By assigning to each camera a different 
channel frequency and feeding the camera outputs through a simple 
combining circuit into a tunable television receiver, the output of any 
camera can be selected by merely operating the receiver-channel switch. 

THE IMAGE CONVERTER 
Principle 
When an optical image is thrown on to the photo layer of an imrie 

converter a corresponding image is caused to appear on a fluorescent 
screen in the tube. 

Photosensitive materials can respond to electromagnetic radiations 
having wavelengths between 2,000 A in the ultra-violet 15 and 12,000 A 
in the infra-red." Since the response of the human eye is confined to.a 
spectrum bounded by 4,000 and 6,500 A, it is possible to extend the 
range of vision by using an image-converter tube with a suitable photo-
surface. The relative response to equal amounts of electromagnetic 
energy of the human eye and two different photosensitive surfaces" is 
shown in Fig. 12. Tho photosensitive surfaces form photoemissive 
layers which can be, incorporated in simple photocells or image con-
verters. As can be seen, the antimony icœsium layer has greater 
'response to the shorter-wavelength radiations (violet and ultra-violet), 
whilst the cresium/silver/silver-oxide layer has greater response in red 
and infra-red regions of the spectrum. 

10 

7 8 9 . 10 11 12 13 14)003 
WAVELENGTH A 

12.—RELATIVE RESPONSE TO EQUAL AMOUNTS OF ELECTROMAGNETIC 
ENERGY OF THE HUMAN EYE AND VARIOUS PHOTOELECTRIC SLIREACES. 
(a) Caesium-antimony surface, with quartz windows and mosaic dielectric. 
(b) Caesium-antimony surface, with normal construction, showing absorbent effect 

of glass window. 
(e) Caesium/silver/silver oxide surface. 
(d) Human eye. 
(Prom Williams, Industrial and Professional Applications of Television Technique, 

Proc. I.E.E., Pt. 111A., Vol. 99, p. 851.) 
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FIG. II—FUNCTIONAL DIAGRAM OF AN IMAGE CONVERTER. 

Construction 

A typical image converter tube is shown in outline in Fig. 13. The 
photocathode is formed on the inside surface of the end-plate of the gla ss 
bulb, the photocathodo being semi-transparent to allow the electron 
emission to occur from the inner surface of the photo-electric material. 
The opposite end-plate carries a fluorescent screen which is bombarded 
by the electrons emitted from the photocathode, since the potential of 
the photocathode is several kilovolts negative relative to that of the 
fluorescent screen. The object to be viewed is optically focused on the 
plane of the photocathode, and the resulting electron emission focused on 
the fluorescent screen by the combined action of an electric field and a 
magnetic field set up by the focus coil surrounding the tube. In order 
to protect the phosphor from poisoning by the material forming the 
photolayer during processing and to render the tube opaque to light 
penetrating the photocathode, it is common practice to provide the 
luminescent screen with a backing layer of, say, aluminium. 
In the sketch of the tube in Fig. 13 the electron paths from photo. 

surface to luminescent screen are suggested, showing that there is an 
image magnification, the magnification depending on the geometry of 
the tube and the electron optical operating conditions. 

Referring to Fig. 12, it is interesting to note the transmission loss of 
ttia shorter wavelengths through normai glass surfaces; for this reason 
image converters designed to operate in the ultra-violet region have the 
photosurface formed on a quartz plate (see curve (a)). 

Applications 

Much work was carried out during the 1939-45 war on the use of 
image converters to extend vision, one outcome of this being the infra-
red telescope for night observation. 
The image converter has opened new fields in the observation of 

high-speed phenomena.'" With a conventional camera shutter the 
upper limit of shutter speed is approximately dà-b second. The 
image converter operated as a high-speed shutter enables extremely 
short photographic exposures to be made. These exposures can be of the 
order of Er' second. To operate the image converter as a high-speed 
shutter, the voltage applied to the grid electrode, shown in the diagram 
Fig. 13, can take the form of a positive pulse allowing the electrons from 
the photolayer to reach the fluorescent screen only while the grid is 
positive. 
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Pulsing the grid electrode is preferable to switching the voltage 
applied to the fluorescent screen, since a much lower pulse voltage will 
perform the switching action. The converter will therefore operate as 
a closed—open—closed shutter, the object to be photographed being 
reproduced as a fluorescent image for the duration of the switching 
pulse. As the pulse-repetition rate is controllable, it enables the image 
converter to be used as a photographic stroboscope for the recording 
of high-speed phenomena. 

APPLICATIONS OF INDUSTRIAL TELEVISION 

Microscopy 

Recent investigat:ons ". 16 have shown that great bonefits can result 
from the application of television techniques to the field of microscopy. 
Viewing Objects through an optical microscope in the conventional 
manner is fatiguing and has the limitation that only one person at a time 
can view the specimen; this can be a serious drawback in educational 
establishmen ta. 

Viewing the specimen by a " Television Microscope ", besides 
removing these drawbacks, has several important advantages over the 
conventional microscope. These can be summarized as follows': 

(a) The resulting picture can be presented in any convenient 
position and may also be of any desired size. 

‘.„ 

a 
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FIG. 15 —BLOCK DIAGRAM OP A FLYING-SPOT MICROSCOPE. 

(b) Since the brightness of the viewed image is no longer deter-
mined by the specimen illumination, there is less chance of 
damaging the specimen by burning. 

(c) The contrast of the viewed picture is no longer wholly 
dependent upon the specimen contrast. 

(d) Should the specimen consist of a quantity of discrete 
particles, the number of these can be automatically ascertained 
with a high degree of accuracy in a very short time. 

There are two ways in which microscopic objects can be televised: 
the first employs the flying-spot principle, being known, therefore, as 
the Flying-spot Microscope. 15 Such an instrument is illustrated by the 
photograph in Fig. 14 and the block diagram, Fig. 15. 
As will be seen, the light spot on the scanning cathode-ray-tube screen 

is.imaged by the optical system, so that the specimen mounted- on the 
slide is scanned by a light spot of minute dimensions, the optical system 
consisting of a compound microscope. 
The instrument operates on the normal British television standards, 

so that the specimen is scanned by a raster of 405 interlaced lines. Also 
included is a non-linear amplifier, to enable the overall " gamma " of 
the system to be adjusted, " gamma " being the term donoting the 
exponent of the contrast law of the system. This feature can be used to 
advantage when viewing objects of low contrast, and may render un 
'necessary the specimen-staining technique sometimes adopted to 
increase contrast artificially. 
The other way in which microscopic objects can be televised is to 

" look " through the eyepiece of an opticalmicroseope with a television 
camera. Such a scheme is shown in Fig. 18, where an industrial 
television equipment employing a photoconductive type pick-up tube 
is used. The resulting picture is displayed on the monitor alongside the 
microscope-camera set-up. 
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FIG. 16.—A TEeEVISION MICROSCOPE. 
(Pye Ltd.) 

Increased resolving power rest...is from irradiating the specimen with 
ultra-violet instead of visible light, as resolving power is a function of the 
irradiating wavelength; this can be taken advantage of in normal 
microscopy, but recourse must be made to photography in order to 
view the results. Since the phosphor used in the flying spot microscope 
is a wide-band emitter with radiations in the ultra-violet, and the 
Staticon or Vidicon" pick-up tube used in the television microscope 
can be rendered sensitive to these shorter wavelengths, it follows that 
television technique provides a continuously viewable microscope of 
increased resolving power. 

Specimen irradiation by ultra-violet light has further benefits in the 
study of biological materials, since many of these materials, such as 
tissue, which may appear quite colourless to visible light, exhibit 
selective absorption in the ultra-violet spectrum. Pictures of good 
contrast can therefore be obtained by proper selection of the irradiating 
wavelength. 
In extending this principle, a recent paper" has shown that by, the 

adoption of colour-television technique it is possible to display " colour" 
pictures of the specimen, where each colour corresponds to the periodic 
exposure of the specimen to irradiation by a selected wavelength. 

Perhaps the greatest contribution made by television to quantitative 
microscopy is the facility by which rapid and accurate counts can be 
made of the number of discrete particles forming a specimen. 
Circuits 15'17 have been developed which record the number of particles 
in a given field, regardless of the particle shape, size or position.. 
The photographs comprising Fig. 17 were taken from the monitor 
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(a) 

FIG. 17.—PHOTOGRAPHS TAKEN 
FROM THE MONITOR SCREEN OP A 

FLYING-SPOT MICROSCOPE. 

(a) Diatom arachnoid discus. 
(b) Transverse section of a nerve 

trunk. 
(e) Spray droplets sample, illustrating 

the counting technique, the white strobe-
spot indicating a successful count. 

(a) 

screen of the Flying-spot microscope, and illustrate the fine results 
obtained from this instrument; Fig. 17 (e) is worthy of special note, 
since it illustrates clearly the _ value of television and electronic 

techniques in particle counting. 

Underwater Television 
Underwater television, brought into prominence by the location of the 

sunken submarine Affray in 1951, and later the salvaging óperations 
on the Comet aircraft, has proved to be an important new aspect of 

television. 
With accurate visual information available on the picture monitor 

in the salvage ship, it is possible for expert direction to be given to the 
diver, who may be operating under severe mental stress, and who may 
have to handle complex equipment. In cases where careful exploration 
of the sea floor is required, the underwater camera functions as a means 
of rapid identification of objecta located by Asdic or echo-sounding 

apparatus. 
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FIG. 18.—DIVER-HELD UNDERWATER TELEVISION CAMERA. 

(Pile Ltd.) 

Equipment to operate under water has generally been designed round 
the highly sensitive image orthicon camera tube, which can generate 
pictures with scene illuminations lower than 1 foot-candle. 

Deep-sea television cameras have been constructed to operate at 
depths of 1,200 ft.,. the camera casing carrying the necessary lighting 
equipment. 

Fig. 18 shows an underwater television camera intended for operation 
by a diver at depths down to 350 ft. Optical focus, lens-iris setting, 
and lens selection is remotely controlled from the surface, the supplie 
to the camera being carried by a multi-core cable heavily sheathed with 
P.V.C. 

Other untic.water television applications include marine biological 
research work and inspection of docks works and the hulls at ships. 

Electronic Camera Method of Film Making 

An interesting new application of television is its use in the manu-
facture of films 1; the electronic camera method of film mal, ing being a 
complete breakaway from conventional film-making technique. 
The essence of the system is the replacement of the film camera by a 

group of electronic cameras televising the scene to be " filmed " and the 
recording on filin of the selected television picture. This places the 
film director in a position similar to that of the television producer, 
with the facilities of cutting and mixing from one camera shot to another 
while the scene is being enacted, and being able to see and control at all 
times the final artistic visual effect, as against being restricted to 
glimpses through a camera viewfinder before the commencement of 
shooting. Films made by this method can therefore be completed 
quickly and economically in sequences of any desired length instead of 
in brief, sometimes disjointed scenes which require subsequent editing. 
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Obviously the television system used for this mode of film making 
must have an extremely high resolving power and be above criticism in 
geometry and scanning linearities. A sequential scanning system is 
used of about 1,000-1,300 lines per frame and a video band-width of 
15-20 Mo/s. The recording-film camera operates on an intermittent 
motion system, the film pull-down occurring during the television frame. 
suppression period. 

,Department Stores Aid 

Compact, " easy-to-operate " industrial television equipments have 
proved to be a valuable sales aid in large department stores. Par-
ticular items of merchandise can be featured on television screen, 
mounted in eye-catching positions; the television department can 
the pictures as an alternative programme source for the receivers in 
showroom, making at least one television programme available durmg 
shop hours. 

Furnace Control 

Television has been successfully applied to the control of furnace 
burners in a power station in the U.S.A. At this power statio. the 
controls for the steam-producing plant and the gent2ating sets «are. 
located in a central control room. Small television cameras looking 
into the combustion chambers of the oil or coal-dust-fired boilers 
enable the station engineers to continuously check the combustion 
conditions. In this type of boiler the oil or coal-dust is fed into the 
rectangular combustion chambers by four corner burners so arranged 
that a swirl of flame is produced. Since the position and symmetry of 
this flame swirl is critical for optimum boiler efficiency, continuous 
observation of the combustion chamber allows adjustments to the 
burners to be made as necessary, resulting in efficient boiler operation. 

Security Aid 

Television as a security ate is an aspect of industrial television as yet 
undeveloped, but if thought of as a means of instantaneously conveying 
visual information from police force to police force, there can be little 
doubt as to the future of television in this sphere. 

Educational Aid 

The potential contribution of television to education is immense. 
With it, the problem of teaching and demonstrating adequately, 
intricate mechanisms, surgical operations and the like, to large groups of 
students, is diminished considerably. 
The training of surgeons demands attendance at many operations 

watching the master surgeon's technique, and it is difficult for one 
student, let alone several, to obtain an unobstructed view of the pro-
ceedings. It i here that a television camera, mounted, for example, 
m the lighting system " of the operating-table obtains a view of the 
operation equal to that of the surgeon. The pictures obtained (which 
could be accompanied by a commentary spoken by the surgeon) can 
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Fia. 19 (a, top).—INDUSTICIAL TELEVISION CAMERA, TELEVISING L DEMON-
STRATOR ; (b. below) CLOSE-UP OF THE PICTURE DISPLAYED isr THE LECTURE 

THEATRE. . (Pye Ltd.) 
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be relayed to lecture rooms capable of accommodating the student 
audience comfortably. 

While monochrome television is useful in this application, colour 
television can play an even more important role, enabling the anatomical 
details to be more easily distinguished. 

Fig. 19 (a) and (b) are photographs taken at the National College 
of Rubber Technology, London, where closed-circuit television is used 
to link the machine's laboratory (Fig. 20 (a)) in the basement of the 
building and the lecture theatre, which is at the top of the building. 
This enables the lectures to be illustrated by demonstrations of machine-
handling technique. 
The photographs show a demonstrator explaining the operation of a 

plastic extruding machine, whilst the students watch the demonstra-
tion on a large-screen monitor (Fig. 20 (c)) in the lecture theatre. A two-
way sound system allows the lecturer to control the demonstration, for 
example, requesting particular items to be brought into close-up for 
specific discussion. 

Scientific Research Aid 

In the field of scientific research television can become an indis-
pensable tool. To be able to view easily dangerous operations may 
mean that greater control can be exercised over the process, in turn 
leading to greater safety. Efficient remote observation can be a 
problem in the handling of radioactive materials where the technician 
has to manipulate these materials by a system of tongs from behind a 
protective barrier. 

In many cases the use of optical viewers is not possible and television 
provides the only solution. 

• 

Only a few applications of television to industrial problems have 
been cited here, but they may serve to indicate the countless ways in 
which television will be applied to industry in future years. 

H. A. McG. 

Figs. 5 and 6 originally appeared in the Journal of Brit. Inst. of Radio 
Engineers, see reference 2 below. 
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46. UNITS AND SYMBOLS 

UNITS 

Units are required for mechanical, physical, electrical, thermal and 
similar quantities to permit of recording or comparing their magni-
tudes. Each unit must be represented by some kind of natural or 
artificial standard, or must be capable of derivation from a combination 
of such standards. 

Metric System 

This is based on prototype standards, the metre and the kilogram, 
of length and mass respectively. The originals are preserved at the 
International Bureau of Veights and Measures, at Sèvres. Copies are 
available in certain National Laboratories. The metric system derives 
its units in decimal steps from the basic units, the metre and the gram. 
The names are formed by prefixes indicating the power of 10. 
The third fundamental mechanical unit is the second of time, çlefined 

as ra-a-iy of the mean solar day. 

Absolute Systems 
Any system that includes length, mass and time in its fundamental 

units is called an absolute system, and the unite are absolute unite. 

Centimetre-Gram-Second System 

This is an absolute system using the units named, with proportionality 
factors in equations for physical relationships made, as far as possible, 
unity. It is the commonest physical system and is referred to by the 
letters c.g.e. 

Metre-Kilogram-Second System 

This is also an absolute system using the named amts. The magni-
tudes of many of the derived units are more convenient from the 
engineering standpoint than for the c.g.s. system. It was adopted for 
use as a basis for the electrical units by the International Electro-
technical Commission in 1935. It is referred to briefly as the m.k.s.e0 
system. 
The Oritish National Committee of the International Electrotechnical 

Commission has recently issued B.S. 1637: 1950, entitled " Memo-
randum on the M.K.S. System of Electrical and Magnetic Units ", 
which now forms a British Standard defining the system.'lais standard 
also sets out the facts which were taken into account by the 
in reaching their decisions relating to the adoption of this system. The 
rationalized m.k.s. system was finally adopted internationally in 1951. 

46-2 
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Derived Mechanical Units 

See Table 1. The c.g.s. unit of force is the dyne, which gives the mass 
of one gram the acceleration of one centimetre per second per second. 
The c.g.s. unit of work or energy is the erg, being the reork done when a 
force of one dyne acts over a distance of one centimetre. 
The corresponding m.k.s.i.to units are the newton (force) and joule (work) 

or energy. The definitions utilize the metre and the kilogram instead 
of the centimetre and the gram. Thus 1 newton = 105 dynes, and 
1 joule = 107 ergs. The newton is more easily recognized in the form: 
1 newton = 1 joule per metre. 

Electrical Units 

There are several sets of units in use, the differences lying chiefly in 
the choice of constants relating electrical and magnetic quantities both 
to each other and to mechanical quantities. 

Absolute units are obtained from the basic mechanical units, with one 
additional unit representing the magnetic or electric properties of 
space. The three absolute systems are: 

(i) the absolute electromagnetic c.g.s. system, with the addition of 
unity for the magnetic space constant; 

(ii) the absolute electrostatic c.g.s. system, with the addition of 
unity for the electric space constant; 

(iii) the absolute m.k.s. system, with the addition of A) = 4/r/107 
for the magnetic space constant. 

Both (i) and ( ii) have been in common use in electrophysics for many 
years. The magnitudes of the e.m. system ( i) are inconvenient, and a 
' practical " set of units having a metric relation has been preferred by 
engineers. The " practical " mitt; have the familiar names of sampele, 
coulomb, volt, etc., and it iia. become customary it) ter to their 
originals under the names abampere, abcoulumb, abvolt, etc. lic 
magnitudes of the e.s. units (ii) are also inconvenient., but their relation 
to the " practical " units is not metric : it involves powers of c, the 
velocity of light (3 X 108 m. per sec.) as well as powers of 10. The 
names of the e.s. unite are sometimes taken as those of the corresponding 
" practical " units with the prefix slat, as statarnpere, statcoulomb, 
statvolt, etc. 
The m.k.s.pi, system has the advantage that the magnitudes of its 

electrical units are precisely those of the " practical " system. Un-
fortunately, engineers have been accustomed to mixing up the e.m. 
magnetic units with the practical units, and the m.k.s.µ„, system requires 
a new set of magnetic unit quantities; however, these are related to the 
e.m. units by powers of 10. The unit of force, the newton = 108 dynes, 
is also unfamiliar, although its magnitude is far more convenient than 
that of the dyne. (Taking g = 9.81 metres/second/second, 1 new-
ton = 105 dynes -= 0.102 kg. force = 0.225 lb. force.) The practical, 
m.k.s. and c.g.s. electric units have the relations listed in Table 2. 

International Units 

Tho definition of an absolute unit is one matter : its realization 
ancadier. The international Electrical Units ( L93) were ititetiden for 
actual realization in physical terms, so that the set-uu of a specified 
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arrangement of appara tus, employed under specified conditions, would 
permit of the measurement or comparison of electrical quantities. 

INTERNATIONAL OHM: the resistance offered to an unvarying 
electric- current by a column of mercury at the temperature of 
melting ice, 14.4521 g. in mass, of uniform cross-sectional area, 
and 106.300 cm. in length. 
INTERNATIONAL AMPERE: the unvarying electric current which, 

when passed through a standard specified solution of nitrate of 
silver in water, deposits silver at the rate of 0.001118 g./second. 
INTERNATIONAL VOLT: defir -id from the International Ohm and 

Ampere. It is that unvarying potential difference which produces 
a current of one International Ampere in one International Ohm. 

The International Coulomb, Farad, Henry, Joule and Watt follow 
from the Ampere, Volt and Ohm. The measurements that have to be 
made to realize the International Units are absolute: i.e., for the Ohm, 
length and maas; for the Ampere, time and mass. 
Improvements in the accuracy of measurements in absolute terms 

have shown that tha International Units differ frórn absolute units. 
The following figures give the divergencies in parts per 100,000: 
Ohm and Henry, 49 high; Ampere aid Coulomb, 15 low; Volt, 34 

high: Watt and Joule, 19 high; Farad, 49 low. 
The International Units have been superseded, and electrical quan-

tities are determined by absolute measurements made in terms of length, 
mass, time, and the assigned absolute permittivity of free space. Ab-
solute current is measured by a form of current balance, the coils of 
which are wound on formers of permanent material so that their di-
mensionP are measurable to great accuragy; the current is then found 
in terms of mutual inductance and length. Mutual inductance is 
measured in terms of the dimensions of a coil assembly; resistance by 
means of the rotation of a conducting disc in terms of mutual inductance. 
For measurements that require to be precise but not absolute, the 

Weston Normal Standard cell is employed. Regularized methods of • 
preparation and assembly are such that individual cells differ from each 
other by no more than a4out 20 µV from .,ne tandard e.m.f. of 1.01860 V 
absolute at 20° C. Together with standard resistors as shunts and 
multipliers, a full range of derived measurements (e.g. current, power, 
energy, etc.) can be made by potentiometer. 

Physical Bases 
• The es. system of units was based on the observable mechanical 

force exerted between electric charges, and the variation of this force 
inversely as the square of the distance, so that the mechanical force f 
between charges q1 and q, separated by distance d cm. was 

f = qlq,/Kods dynes 

in free space. The value IC, was assumed to be unity, and the e.a. unit of 
charge, the statcoulemb, is that concentrated point charge which, at unit 
distance (1 cra.),, exerts unit force (1 dyne) on a similar charge in free 
space. 
The e.m. system was based on the highly artificial concept of the unit 

magnetic polo, which was defined on lines similar to those employed in 
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the e.s. system, using the observable mechanical force f on magnetic 

point poles: 
f = 7711m,/p.od, dynes. 

The value ire was assumed to be unity. The two aspects of electro-
magnetic phenomena lead to units of different sizes for the same 

electrical quantity. 
In the m.k.s.p., system the electrostatic force is measured in newtons 

( = 105 dynes), the charges are in coulombs and the distances in metres: 
1C0 is taken as 1/36w x 108, and ero as 44107 (since not, = 1/c' =-
1/9 x 1018 approx., with c = velocity of electromagnetic propagation 
in free space = 3 x 108 metres/second approx.). 

Magnetic phenomena can be described in terms of circuital currents, so 
that there is no need for a m.k.s.µ, unit pole. It is, however, necessary 
to define magnetic flux in order to deal with the magnetic field phenomena. 

Definitions of Units 
PRACTICAL UNITS Units which have been adopted for practical use 

owing to the c.g.s. units being in many cases inconveniently large or 
small; each is a decimal multiple or sub-multiple of the corre-
sponding c.g.s. unit. The practical units are the same as the unite 

in the m.k.s.i.r, system. 
DYNE: The c.g.s. unit of force. It is tlitt force which, acting on a mass 

of one gram, gives to it an acceleration of one centimetre per 
second per second. 

NEWTON: The m.k.s.o., unit of force. It is that force which, acting on 
the mass of one kilogram, gives to it an acceleration of one metre 

per second per second. 
CALORIE: (cal). A unit of heat. It is the quantity of heat required to 

raise the temperature of one gram of water, at 15° C., by one degree 
Centigrade. A calorie is approximately equivalent to 4-18 joules. 

Ku.o-CALonin: (k.-cal.). A unit of heat equal to 1,000 calories. 
Burma THERMAL UNIT: (B.Th.U.). A unit of heat. It is the 

quantity of heat required to raise the temperature of one pound of 
water from 60° to 61° F. It is approximately equivalent to 
1,054 joules. A mean British Thermal Unit is TL-6 part of the 
quantity of heat required to raise the temperature of one pound 
of water from 32° to 212° F. It is approximately equivalent 

to 1,055 joules. 
AMPERE: (A). The practical unit of electric current. An ampere = 

0.1 e.m. unit = 3 x 108 e.s. units. For the definition of the Inter-
national Ampere, see page 4. 

Corn.oun: (C). The practical unit of quantity of electricity. One 
• coulomb 0.1 e.m. unit = 3 x 10° e.s. units. 

OEM: (CI). The practical unit o fresistance. The true ohm = 108 e.m. 
units = 1/9 x 1011 e.s. unit: For the definition of the International 

Ampere, see page 4. 
VOLT: (V). The practical unit of e.m.f. and p.d. A volt = 108 e.m. 

units = 1/300 clot. unit. For the definition of the International 

Volt, see page 4. 
WATT: (W). The practical unit of power. It is the amount of energy 

expended per second by an unvarying current of one ampere under 
a voltage of one volt. A watt = 1 joule per second -= 1 Newton-
metre per second -= 107 ergs per second. 



TABLE 1.—Fr NDAMENTAL AND MECHANICAL UNITS 

Quantity 
• 

Symbol 
Detain° 

• • Equation 
British Units Metric Units (c.g.t.) Metric Units (in.k...) Conversion 

Length . 1 Foot (ft.) 
Inch (in.) 

Centimetre (cm.) Metre (m.) 1 ft. = 30.48 cm.; I in. -- 2.54 cm.; 
1 m. = 100 cm. 

Mass.. . 

Time. . 

m 

t 

7 a 
o 9 
r. El 

Pound (lb.) 

Minute (min.) 

Gram (g.) 

Second (sec.) 

Kilogram (kg.) 

Second (sec.) 

1 lb. -- 459-6 g. = 0.4536 kg. • 
• I I; g. --, 2.205 lb. 

1 min. = 60 sec. 

Second (sec.) . 
Area . . a a = 1 il. Square foot (sq. ft.) 

Square inch (sq. in.) 
Square centimetre 
(cm!) 

Square metre (m..) 
. 

1 sq. ft. ••• 929.03 cm! = 0.0929 m., 
1 sq. in. = 6.45 cm.'; 1 m.' ,.. 10,000 cm.' 

Volume . 

Angle . 

U 

a 

U — 1,41, 

a = lili, 

Cubic foot (cu. ft.) 
Cubic inch (cu. in.) 

Degree -(e) 

Cubic centimetre (cm!) 

Radian (rad.) 
Degree (°) 

Cubic metre (m.,) 

Radian (red-) 
Degree (°) 

1 cu. ft. — 28,317 cm.. = 0.02832 m.* 
1 cu. in. = 16.39 cm... 
1 rad. = 57' 17' 45" = 57-296° 

Minute (') Minute (') Minute 0 l' ... 60" 

Velocity u 
di 

u -- —, 
Second (") 
Feet per minute 

Second (") 
Centimetres per second 

Second (") 
Metres per second (m. 1 it; per min. = 0-508 cm. per sec. 

(linear) 

Velocity w 

al 

da 
w = — 

Feet per second 

Revolutions per 

(cm. per sec.) 

Radians per second 

per sec.) 

Radians per second 

1 ft. per sec. = 30-48 cm. per sec. 
= 0.3048 m. per sec. 

1 rev, per sec. = 2v rad, per sec. 

(angular) 

Acceleration a 
du 

a = -,-; 
u• 

second 

Feet per second per 
second 

(rad. per sec.) 

Centimetres per second 
per second (cm. per 
sec, per sec.) 

(rad. per sec.) 

Metres per second per 
second (na. per sec. 
per sec.) 

1 ft. per sec. per sec. = 30.48 cm. per sec. 
per sec. 

= 0.3048 m. per sec. 
per sec. 

Force • f f-= ma Pound force Dyne Newton or Joule per 
metre 

1 lb. force .. 4.448 x 10, dynes 
= 4.448 newtons 

1 newton = 10' dynes 

Torque „ 

Energy . 

M 

W 

11, 
M = —a 

W — fed 

Pound-foot 

Foot-pound 

Dyne-centimetre 

Erg or centimetre-dyne 

Newton-metre 

Joule or Metre-newton 

11b.-ft. .. 1-357 x 10' dyne-cm. 
= 1.357 newton-m. 

1 J = 10' ergs; 1 ft-lb. = 1.357 x 10' ergs 
= 1.357 J. 

Power . P P = fa 
— Wit 

Foot-pound per 
minute 

Erg per sec. Jouie per sec. or Watt 
(J. per seo., W.) 

1 ft.-lb. per min. .» 0-0226 W; • 
1 W. .. 10' ergs per sec. 

Temperature 6 — Degree Fahrenheit Degree Centigrade Degree Centigrade 1° F. ••• 5/r 0.; 0° C. = 32° F. on scale 

(0 F.) (° C.) (° 0.) 

R
A
D
I
O
 
A
N
D
 
T
E
L
E
V
I
S
I
O
N
 
R
E
F
E
R
E
N
C
E
 
B
O
O
K
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TABLE. 2.—RELATIONS BETWEEN PRACTICAL AND C.G.S. UNITS 

Quantity 

Electromotive orce and 
potential difference. 

Resistance . 

Current 

Charge or quantity . 

Capacitance . 

Inductance 

Energy 

Power . . 

Magnetic flux . . 

Magnetic flux density . 

Symbol Practical and tn.k.s.µ. C.g.s. Electromagnetic C.g.s.'Electrostatic 

fE 

ii 

VOLT: 1 V 10, abvolts 
1 V 1/300 statvolt 

OHM: 1 n 10, abohms 
1 CI — 1/9 . 10" statohm 

AMPERE: 1 A 10' abampere 
1 A — 3. 10'statamperes 

COuLOMB: 1 C = 10-, abcoulomb 
1 0— 3. 10' statcoulombs 

FARAD: 1 F 10" abfaral 
1 F = 9 . 10" statfarad 

HENRY : I H 10, abheru7s 
1 11 = 1/9 . 10" stathenry 

JoCLE: 1 J 10' ergs 

W AIT: 1 W 10' ergs per sec. 

W EBER 1 Wb = 10' maxwells 

W EBER PER SQ. METER: 
1 Wb./m..... 10' gauss 

1 abvolt 
1 abvolt 

1 abohm 
1 abohm 

1 abampere 
1 abampere 

10" 
1/3. 10" statvolt 

— 10-ICI 
= 1/9 . 10" ",,c1m, 

— 10 A 
— 3 . 10" statamperes 

1 abcoulomb = 100 
1 abooulomb = 3. 10" statcoulomb 

1 abfarad 
1 abfarad 

1 abhenry 
1 abhenry 

1 erg 

10, F 
= 9. 10" statfarads 

— 10" H 
= 1/9 . 10" stathenry 

.- 10-, J 

I erg-ner sec. HP' W 

1 maxwell 10-, Wb 

1 gauss — 10" Wb./m. 

1 statvolt 
1 statvolt 

1 statohm 
1 state= 

300 V 
▪ 3. 10" abvoltsr 

... 9 . 10" CI 
... 9.10" abohms 

1 statampere 1/3. 10, A 
1 statampere 1/3. 10" abampere 

1 statcoulomb .. 1/3. 10, C 
1 statcoulomb = 1/3. 10 ,, abcoulomb 

1 statfarad 
I statfarard 

1 stathenry 
1 stathenry 

1 erg 

1 erg per sec. 

▪ 1/9 . 10" F 
= 1/9. 10" abfarad 

= 9.10"H 
▪ 9. 10" bhenrys 

1(I"J 

W 

(
I
N
V
 
SI
IN
CI
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HORSE-POWER: (H.P.). A practical mechanical unit of power. The 
British horse-power is equal to 33,000 foot-pounds per minute or 
approximately 748 watts. 

ERG: The c.g.s. unit of energy. It is the energy expended when a 
force of one dyne is exerted through a distance of one centimetre. 
An erg = 10-7 joule. 

Jour.at: (J) The practical unit of energy. It is the energy expended 
when a force of one newton is exerted through a distance of one 
metre.. A joule = lø ergs. 

WATT-HOUR : (Wh.). A unit of energy. It is the energy expended in 
one hour when the power is one watt. A watt-hour = 3,600 joules. 
A kildwatt -hour (kWh) = 1,000 watt-hours = 3,415 British Thermal 
Units = 2.8552 x 101 foot-pounds: it is called a " unit of electrical 
energy" for commercial purposes. 

HENRY : (H). The practical unit of self- or mutual inductance. A 
henry --- 101 e.m. linkages per ampere = 10° e.m. units = J. 
m.k.s.pi linkage per ampere. 

FARAD: (F). The practical unit of capacitanue. A farad = 10-1 e.m. 
unit = 9 x 10,, e.s. unit. 

4,—  MAXWELL: The c.g.s. e.m. unit of magnetic flux. 
WEBER: The m.k.s.11, unit of magnetic flux. A weber ---- 10° maxwells. 

- GAUSS : The c.g.s. e.m. unit of magnetic flux density or induction. It is 
equal to one maxwell per square centimetre. 

,E3 WEBER PER SQUARE METRE: The m.k.s.p.« unit of magnetic induction. 
A weber per square metre -- 101 gauss. 

AMPERE-TURN: A unit of magnetomotive force expressed as the pro-
duct of the number of turns of a coil and force, current in amperes 
which flows through it. 

F - GILBERT: The c.g.s. e.m. unit of magnetomotive force. A gilbert — 
10/4« ampere-turn. 

H - OERSTED: The c.g.s. e.m. unit of magnetizing or magnetic force. 

SYMBOLS 

TABLE 3.—SYMBOLS FOR PRACTICAL ELecratcs.t. AND RADIO 
ENGINEERING UNITS 

'Ampere 
Volt . 
Ohm . 
Coulomb 
Joule. 
Watt . 
Farad 
Henry z

›
.
i
e
-
1
0
:
D
C
>
 

Watt-hour . • Wh 
Volt-ampere . ..  VA 
Volt-ampere reactive • VAr 
Ampere-hour. .•  Ah 
Cycles per sec. . • c/s 

locycles per sec. . • kc /a 
Megacycles per sec. • Mois 

Prefixes 
Abbreviated prefixes have the following meanings: 

milli. m = 111,000 ( x 10-1) 
micro- = 1/1,000,000 ( x 10-1) 
pico- /zit or p = 1/1,000,000,000,000 ( x 10-11) 
kilo. k = 1,000 (x 101) 
mega- M = 1,000,000 ( x 101) 
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Example.: 

Milliampere . 
Microampere . 
Kilovolt-ampere 
Millifarad. • 
Miorofarad 

TABLE 4.—SYMBOLS 

. zn.A. 
• FA 
. kVA 
. mF 
• »I' 

Pioofetrad 
Microvolt 
Millivolt . 
Kilovolt . 
Megavolt 

. µµF or pF 

. µV 

. mV 

. kV 

. MV 

IfOle QUANTITIES LISED IN ELECTRICAL AND 

RADIO ENGITNEEBING 

Acceleration due to 
gravity . • g 

Admittance . Y 
Aerial current . . 
Aerial resistance . . R.. 
Aerial radiatim. resist-
ance . . . R, 

Amplification factor (am-
plifier) . . . m 

Amplification factor 
(valve) . . 

Angles • • • O. 56, lis 
Angular velocity . . 
Anode A.C. resistance . r. 
Anode D.C. resistance . R. 
Anode current . . I. or 1. 
Capacitance . . . 
Conductance . . 
Coupling coefficient . k 
Current . . I 
Decay coefficient . . et 
Effective height . . h. 
Efficiency . . . 
Electric force . • e 
Electromotive force 
(e.m.f.) . . . E 

Electrostatic flux . . 
Energy • . . W 
Flux density (electro-
static) . . . D 

Flux density (magnetic). B 
Form factor . . . K 
Frequency . • . f 
Fundamental frequency. fi 
Fundamental wavelength A, 
Grid A.C. resistance . r, 
Grid D.C. resistance . R, 

Grid current. . I or 
Grid voltage. .d, or e, 
Impedance . • . 
Intensity of magnetiza-
tion. • . . J 

Magnetic field strength . H 
Magnetic flux . . 
Magnetic flux density . B 
Magnetomotive force 
(m.m.f.) . • • F 

Mutual inductance • M 
Natural frequency • fo 
Natural wavelength • 4 
Period or periodic time . T 
Permeability 
Permittivity (dielectric 
Constant) . . . e or K 

Phase difference . . 
Potential difforence, 
, electric (p.d.) . . V 
Power .. . . P 
Power factor cos 4. 
Quantity of electricity . Q 
Radiation efficiency . 77, 
Reactance . • . X 
Reluctance . . . S 
Resistance . • . 
Resistivity . • . • 
Revolutions per unit of 
time . . . n 

Self-inductance . . L 
Susceptance . . B or 
Temperature . . t or 
Temperature (absolute) . T 
Wavelength . . . A 
Wave velocity . . y 



46-so RADIO AND TELEVISION REFERENCE BOOK 

TABLE 5.—ABBREVIATIONS FOR TERMS USED IN ELECTRICAL 
AND RADIO ENGINEERING 

General 

Alternating current . 
Direct current . . 
Audio frequency. . 
Video frequency (voice 
frequency) . • 

Radio frequency. • 
Low frequency . • 
Medium frequency • 
High frequency . . 
Very high frequency • 
Low voltage . • 
High voltage . • 
Extra high voltage • 
Low tension . . 
High tension . • 
Extra high tension • 
Root mean square • 
Continuous wave. 
Interrupted continuous 
wave . • • 

Modulated continuous 
wave . . • 

Double sideband 
Independent sideband 
Single sideband . . 
Amplitude mod u 1 ation 
Frequency modulation 
Full wave . . . 
Half wave . . . 
Carrier telegraphy . 
Voice frequency tele-
graphy . . . 

Frequency shift keying 
Voice operated carrier 
suppressor . • 

Transformera 

Air, natural cooled . 

A.C. 
D.C. 
A.F. 

V.F. 
R.F. 
L.F. 
M.F. 
H.F. 
V.H.F. 
L.V. 
H.V. 
E.H.V. 
L.T. 
H.T. 
E.H.T. 
R.M.S. 
C.W. 

I.O.W. 

M.C.W. 
D.S.B. 
I.S.B. 
S.S.B. 
A.M. 
F.M. 
F.W. 
H.W. 
C.T. 

V.F.T. 
F.S.K. 

V.O.C.S. 

A.N. 

Air blast cooled. . 
Oil-immersed, natural 
cooled . . . 

Oil-immersed, air blast 
cooled . . . 

Oil-immersed, water 
cooled . . . 

Oil-immersed, forced 
air circulation and 
water cooled . . 

Oil-immersed, forced 
air circulation and 
air blast cooled .„ 

Cables 

India rubber . . 
India rubber, pure . 
India rubber, vul-
canized . . . 

Lead covered . . 
Paper insulated . . 
Tough rubber sheathed 
Polyvinyl chloride 
covered . . . 

Wire armoured, single . 
Wire armoured, double 
Steel tape armoured . 

Conductora 

Steel cored . . 
Single cotton covered . 
Double cotton covered. 
Triple cotton covered . 
Single silk covered . 
Double silk covered . 
Enamelled. . 

A.B. 

O.N. 

O.B. 

0.W: 

0.F.W 

).F.B. 

I.R. 
P.I.R. 

L.C. 
P.I. 
T.R.S. 

P.V.C. 
S.W.A. 
D.W.A. 
S.T.A. 

S.C. 
S.C.C. 
D.C.C. 
T.C.C. 
S.S.C. 
D.S.C. 
Enam. 

Symbols Used in the Classification of Emissions 

According to the International Radio Regulations (Atlantic City), 
emissions should be designated according to: 

(1) Type of modulation. 
(2) Typo of transmission. 
(3) Supplementary characteristics. 
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(1) Types of Modulation-

A A. . 
F. 
P. 

46-a 

. Amplitude 

. Frequency or Phase „ 

. Pulse 

(2) Types of Transmission 

Absence of any modulation intended to carry information . 
Telegraphy without use of modulated audio frequency . . . 
Telegraphy by keymg of a modulated audio frequency or by keying 

of the modulated emission 
Telephony . 
Facsimile . 4 
Television . . . . . . .•  6 
Composite transmissions and cases not covered above•  9 

o 
1 

2 
3 

(3) Supplementary Characteristics 

Double sideband, full carrier . (none) 
Single sideband, reduced carrier ... . a 
Two independent sidebands, reduced carrier. . 
Other emissions, reduced carrier , . . c 
Pulse, amplitude-modulated . 
Pulse, width-modulated . . . . . e 
Pulse, phase- or position-modulated . . , . . - . f 

For the full designation, the group given by the above coding systems 
should be prefixed by a number indicating the width in kern of the total 
frequency band occupied by the emission. 

Examples 

Twenty-five-word-per-minute telegraphy (no tone modulation) 0-1A1 
Amplitude-modulated telephony (max. freq. 3,000 c/a) . . 8A3 
Frequency-modulated telephony (max. freq. 3,000 c/a, 20,000 

cis deviation) . . . . . . . 

TABLE O.—NOMENCLATURE OP RADIO W AVES 

413F3 

Below 30 kc/s 

30-300 kc/s 
300-3,000 kepi 

3,000-30,CuO kc/s 
• 30-300 Mcis 

300-3,000 MCI. 

3,000-30,000 Mc/a 

30;000-300,000 Me/s 

Very low frequency 
(V L.?.) 

frequency (L.F.) 
Medium frequency 
(MY.) 

High frequency (H.F.) 
Very high frequency 
(V.H.F.) 

Ultra-high frequency 
(U.N.?.) 

Super-high frequency 
(S.H.P.) 

Extremely high fre-
quency ( LEIF.) 

Myrlametric waves 

Kilometric waves 
llectometric waves 

Decametric waves 
Metric waves 

Declinetric waves 

Gentimetric waves 

Millimetric waves 

Alove 10,000 

10,000-1,000 
1,000-100 M. 

100-10 M. 

10-1 M. 

100-10 cm. 

10-1 cm. 

10-1 mm. 
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Valve Symbols (B.S. 1409: 1947) 

Valve elements aro designated as follows: 

Anode . • a 
Cathode . • k 
Grid . . . - • • g 
Heater . . . • h 
Filament (emitting) . • f 
Target . . . 
External metallizing . . • AI 
Internal conducting coating • nt 
Deflector electrode . . . x or y 
Internal shield . • 

Where confusion may arise, subscripts or primes should be added: 

(a) In multiple valves the respective assemblies are distinguished by 
adding the following subscripts: 

Diodr . d 
Triode . 
Tetrode . 
Pentode . . 
Hexode, heptode h 
Rectifier . . 

(b) If there is more than one grid in the same section, a subscript is 
added consisting of a fignee denoting the sequence of grids counting 
from the cathode. 

(c) Where there are two or more similar electrode systems, it may be 
necessary to add primes. 

Examples 

'ii-iode (directly heated) . . . fg a 
Pentode (indirectly heated) . . . h k g, g3 g3 a 
Tr;ode-pentode (indirectly heated) . . h k g, a, a (where applieahle) 

Full-wave rectifier . 
91e gu, g3, al, 

. h k a' a" * 

TABLE 7.—MATHEMATICAL SYMBOLS 

Term Symbol or Abbreviation 

Antilogarithm . . 
Approaches limit . . . 
Approximately equal to . 
Base of natural logarithms . 
Because . . . 
Brackets . . . . 
Co-ordinates, Cartesian . 
Co-ordinates, Polar . . 
Cosecant . . 
Cosine . . 
Cotangent . . 
Decimal point 

antilog 
—)•• 

00800 
COB 
Cot 

• (middle point) 



Parallel . • • • 
Perpendicular . 
Plus . . 
Plus or minus . . 
Ratio of circumference to 
circle . . 

Root mean square 
Secant . 
Sine . . 
Square root . . 
Square root of minus one 
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TABLE 7 (contd.) 

Differential coefficient of y with respect 
to x 

Differential coefficient, nth . 

Differential coefficient, Partial 

Divided by • 
Equal to . . . 
Equal to or greater than 
Equal to or less than 
Factorial . 
Function . . 
nprnma function 
Greater than . . . . . 
Hyperbolic sine (and similarly for other 

hyperbolic functions) • 
Identical with 
Increment . 
Infinity . 
Integration • • 
Inverse sine (and similarly 
functions) . . . 

Less than . . . 
Logarithm of x to base 10 
Logarithm of x to base e 
Maenitude of . 
Minus . . 
Much greater than 
Much lees than . 
Multiplied by . 
Not equal to . 
Not greater than . 
Not less than . 
nth root . 

Operator ix- • 

al 02 a2 
Operator (aii +.5.e + a?) • 72 

!I 

. . 
for other 

. sin-2 or arc sin 

. < 

. log x or log,c, x 

. log„ 
• 
• — 
• 
• 
. x or. (lo.' point) 
• 
• ›. 
• < 
• V 

. D 

dy 
Ix- or dy/dx 

d"y or d„v/dx. 

-al- or bylex 

or / 

! or L 
f( F( 

> 

Binh 
ee 
8 or p 
oo 

). etc. 

• _L 

. . . 
diameter of 

• 

IT 
T.M.B. 
sec 
sin 

or j (Symbol j preferred 
in electrical engineering) 
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TABLE 7 (contd.) 

Summation 
Tangent • 
Therefore • 
Varies as • 
Versine 

tan 

cc 
. versin 

TABLE 8.--THE GREEK ALPHABET 

Capital Small Name Capital Small Name 

A a alpha I N y nu 

B 
r 

P 
y 

beta 
gamma 

EE 
o 

e 
o 

.i 
omicron 

à 8 delta II n Pi 
E e epsilon P P rho 

Z Z zeta E a sigma 

H 
e U 

eta 
theta 

T 
r 

T 

u 
tau 
upsilon 

I t iota (I) 9i' phi 

K K kappa X X chi 

A A lambda IIP 4, psi 

M il •mu n to omega 



47. PROGRESS AND DEVELOPMENTS 

COLOUR TELEVISION EQUIPMENT . 

COLOUR TELEVISION RECEIVERS . 3 

TELEVISION TRANSLATORS. . 5 

V.H.F./U.H.F. SCATTER AMPLIFIERS . 6 

TROPOSPHERIC SCATTER AERIALS . 7 

VISION ELECTRONIC RECORDING APPA-
RATUS . . 

MECHANICAL FILTERS. 9 

H.F. CRYSTAL FILTERS 11 

TRIPLE CONVERSION TUNING SYSTEM 11 

SCAN MAGNIFICATION. 13 

PERCIVAL SYSTEM OF STEREOPHONIC 
BROADCASTING . . 14 

47-1 



47. PROGRESS AND DEVELOPMENTS 

Colour Television Equipment (Marconi's Wireless Telegraph Co. Ltd.) 

Marconi colour television camera channels are being produced both 
for live pick-up and for use with film and slides. The equipment can 
be supplied to operatn on 405, 525 or 625 interlaced scanning lines per 
frame, generating tne American N.T.S.C. type of signal, modified as 
necessary with 405- and 625-line systems. For normal broadcast use 
the simultaneous systems are encoded to produce a compatible signal, 
but for most closed-circuit applications the encoditig system may be 
dispensed with. 
Two basic colour cameras are available. The studio camera employs 

three 3-in, image orthicon tubes, enabling good pictures to be obtained 
at light levels of about 200 ft. candles. A three vidicon camera is 
available for use where a scene illumination of 1,000-1,500 ft. candles is 
no problem; the longer storage characteristic of the vidicon tube aleo 
makes this camera suitable in telecine applications by eliminating the 
need for fast pull-down projectors and synchronous running. 
The two cameras employ similar optical systems. Light enters the 

camera through one of four turret-mounted lenses to form an image at a 
field lens mounted inside the turret. An optical relay system follows, 
and the final image is formed at a distance which allows a light-splitting 
system of filters and mirrors to be interposed. The light division is 
performed by two dichroic filters mounted as a vee, green light passing 

eTr:: I 
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_ _1 

Alle•••••••••• 
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FIG. D.I.TR CAMERA OPTICAL SYSTEM. 
(Marconi', Wireless Telegraph Co. Ltd.) 
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straight through while blue and red are deflected to opposite sides, the 
light paths then being brought back into line by front-silvered mirrors. 
Further shaping of the spectral response of each channel is performed 
by a combination of dichroic and conventional colour filters, with 
astigmatism correctors. 
Three pick-up tubes are used, one for each colour, and neutral density 

filters are inserted in the individual light paths to ensure that the tubes 
are operated over similar parts of their characteristics. The close-
tolerance focusing and deflection yokes provide under normal working 
conditions a degree of registration equivalent to 500-line definition at 
the centre and 350 lines in t 9 corners. 
Except for the camera and the camera remote-control panel housed 

in the operating console, the various units of the camera channel are 
designed to operate both with the studio and with the telecine camera. 
All those units which handle the simultaneous red, green and blue signals 
are housed in the operating console together with a black-and-white 
picture and waveform monitor. 

Colour Television Receiver Developments (The General Electric Co. Ltd.) 

Research engineers at The General Electric Company's Wembley 
Laboratories have reduced the size of their experimental colour tele-
vision receiver to that of a domestic 21-in, monochrome set. This 
represents a scaling-down of nearly 50 per cent on their original model. 

This, receiver (Type TT4) is fitted with an R.C.A. 21-in. shadow-mask 
tube rrpe 21AXP22A. It has a complement of thirty-five valves and 
a total power consumption of 450 watts. By using G.E.C. metal 
rectifiers and " series run" techniques it has been possible to ac-
commodate the receiver in a cabinet measuring 211 in: x 28¡ in. X 
311 in. Further developments are expected to enable a yet smaller 
cabinet to be used. In designing the receiver, a good-quality picture 
has been the goal rather than extreme economy in valves and circuits. 
The receiver power pack incorporates direct rectification of the 

mains supply to provide one H.T. line of 250 volts at 200 mA, and a 

FIG. 2.—EXPERIMENTAL COLOUR 
TELEVISION RECEIVER. 

The main and sub-chassis of a recent 
G.E.C. exper'-- - rital receiver. 
The General Electric Co. Ltd.) 



47-4 RADIO AND TELEVISION REFERENCE BOOK 

second H.T. line of 450 volts at 400 mA is obtained by a voltage-
doubling circuit. A stabilized negative line of — 150 volts is alsb 
available for bias supplies. G.E.C. metal rectifiers are used, and the 
whole power-pack unit measures only 531 in. X 7 in. X 11 in. Most of 
the valves in the receiver are series run, but two small transformers 
supply the higher-current valve heaters and line-time-base valves. 
'The tube E.H.T. supply of 23 kV at 1 mA is obtained directly from 

the line flyback witheut voltage doubling, and a triode shunt regulator 
is used to stabilize the E.H.T. and thereby minimize the effect of E.H.T. 
changes on.the convergerIce of the three electron beams. 

Passive convergence circuits are fed from the line aneframe time-
bases and supply the appropriate current waveforms to the dynamic 
convergence coils mounted round the neck of the tube. D.C. currents 
are also applied to these coils for static convergence adjustments, and 
all the pre-set convergence controls are easily accessible at the front 
' of the receiver. Line and frame raster shift is controlled by D.C. 
injection into the scanning coils. 
On the signal side, a standard R.F. switchable tuner feeds a slightly 

modified production type I.F. deck. Sound rejection and sound 
I.F. take-off conform to usual monochrome practice, but in the vision 
circuits two separate crystal detectors (GEX54's) are used to provide 
isolation between the luminance and chrominance channels. This 
arrangement enables a high-definition luminance signal to be maintained, 
and when this is fed to the ferrite-loaded delay line (to provide time 
coincidence of luminance and chrominance) small reflections in the line 
are prevented from disturbing the smooth and symmetrical chrominance-
channel frequency response. 
The lumina.nèe signal is amplified by two video stages in a " boot-

strap" circuit and is ultimately fed in the correct drive ratios to the 
three cathodes of the tube. Master brightness is controlled by a bias 
arrangement in ,one of the video stages, and the D.C. component of 
the signal is maintained to within about 1 dB. 
Two chrominance amplifiers with a 6-dB band-width of ±500 kcis 

supply two " clamping " triodes for high-level demodulation along the 
red and green difference axes, R—Y and CAW. After filtering, these 
difference signals are fed to the red and green grids of the tube, and also 
to a matrix amplifier which forms the B—Y signal for the blue grid of 
the tube. A reference frequency amplifier provides the two appro-
priately phased reference signals for the triode demodulators. 
A front-panel chroininance-gain control is provided for adjustment 

of the colour saturation. . 
The cuntinuous reference signal required for synchronous demodula-

tion is obtained from an L.C. oscillator, which is frequency and phase 
locked by a two-mode A.P.C. loop, or D.C. quadri-correlator, so that 
both fast pull-in and good nase performance are achieved. 
One of the two detectors in the A.P.C. loop provides a D.C. voltage 

oily when a buret signal is present and when the oscillator is phase 
locked. Since this is a synchronous detector , it provides an accurate 
indication of the presence of a burst even under adverse signal-to-poise 
conditions, and is used as a colour " killer " control for switching off 
the chrominance channel automatically when a burst signal is absent. 
The output of this detector is also fed as an automatic chrominance 
control or A.C.C: signal to bias the chrominance amplifier from which 
the burst output is taken. 



PROGRESS AND DEVELOPMENTS 47-5 

The colour burst is separated from the chrominance waveform and 
amplified before being applied to the A.P.C. detectors. The separation 
is carried out by a gating circuit which switches on the burst amplifier 
only during the burst period of about 4 microseconds. In order to 
be quite independent of line time-base synchronization, the gating 
circuit operates from the back edge of the line-synchronizing pulses 
appearing in the synchronizing separator output. 

FIG. 3.—PyE TELEVISION MICRO-
WAVE LINK EQUIPMENT. 

This long-range, microwave tele. 
vision link is suitable for the trans-
mission of N.T.S.C. colour or mono-
chrome video signals simultaneously 
with high-fidelity audio signals. One 
watt of output power on 6875 to 7425 
Ificis provides transmission distances 
of 50 miles or more under favourable 
path conditions. The equipment can 
be used book-to-back as a demodulator 
repeater for long multi-stage trans-
mission distances. All equipment can 
be fitted into four luggage-type cases. 

(Pye Telecommunieadione, Lid.) 

B.B.C. Television Translator at Folkestone 

The B.B.C. began transmitting programmes in 1958 from a new 
type of low-power television transmitter, known as a " translator ", at 
Folkestone. This town is typical of small populated areas which are 
within or adjacent to the service areas of the main B.B.C. stations, 
but are prevented by surrounding hills from obtaining satisfactory 

reception. 
A translator converts the sound and vision transmission frequencies 

from one channel to another without demodulation to audio and video 
frequencies, which occurs when a normal receiver and transmitter 
relay installation is employed. This simplification increases the re-
liability of the equipment, which can therefore be arranged for auto-
matic operation without attendant staff. Because the equipment is 
small it can conveniently be housed in weather-proof and insect-proof 
cabinets, thus dispensing with the need for a station building. 
The translator is on high ground where good reception is possible 

from the Dover B.B.C. television station, and the transmitting aerial 
overlooks Folkestone. The receiving-aerial system consists of a double 
three-element array, and the transmitting aerial has four tiers of single, 
folded dipoles: 

If the sound and vision signals of a television system are, amplitude 
modulated, difficulties are introduced if they share a common amplifier 
in the translator because of the greater possibility of intermodulation. 
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These- difficulties are eased in the systems such as those used on the 
continent, in which the sound signal is frequency modulated. In 
this equipment separate channels have been provided for the amplifica-
tion of the sound and vision signals using common frequency-changing 
oscillators. The separate channel arrangement reduces the risk of 
intermodulation and enables separate automatic gain control to be 
employed to combat the effect of differential fading between the sound 
and vision signals, which could occur if a translator were dependent 
upon reception from a really remote B.B.C. station. The automatic-
gain-control voltages are also used to initiate an automatic changeover 
to reserve translator equipment should the normal unit become faulty. 
The double frequency-changing process facilitates the rejection of 

spurious signals and provides additional protection against " in band" 
feedback. The first frequency-changing process resembles that in a 
normal television receiver, producing vision and sound intermediate 
frequencies of 34.65 and 38.15 Mc/s respectively, and the second fre-
quency-changirig stage produces vision and sound signal frequencies 
in the required channel. 
The Folkestone translator peak white vision power output is 1.5 

watts, and in conjunction with the type of transmitting aerial used 
gives an effective radiated power of 7 watts in the direction of maximum 
radiation. 

V.H.F./U.H.F. Scatter Amplifiers (Marconi's Wireless Telegraph Co. Ltd.) 

High -power amplifiers for V.H.F. and U.H.F. tropospheric and iono-
spheric forward scatter techniques are now in production; these include 
the HS315 a l-kW amplifier for operation within the range 680-970 
Mc/s with a three-cavity klystron output stage; the HS201 a 20-kW 
amplifier, designed for operation in parallel to provide 40 kW output 
within the range 35-55 Mc/s and with a final stage comprising a pair of 
high-power tetrode valves with cross-neutralization inductively coupled 
to an unbalanced 50-ohm feeder; and the tropospheric scatter amplifier 
Type HS313, which will provide an output of 10 kW within the range 
400-525 and/or 680-970 Mc/s using a four-cavity power klystron. 

Tropospheric scatter links are now providing reliable high-quality 
U.H.F. communication services over distances of up to 250 miles in a 
single hop. One arrangement is to use a Type HS313 amplifier in 
conjunction with a single drive unit (for example, Type HD313). By 
the use of spaced receiving aerials and a two-path receiver, dual diversity 
operation may be achieved on such a system. Where higher reliability 
is required, or the path conditions dictate a system of greater gain, two 
HS313 amplifiers may be associated with two drive units and the out-
puts fed to separate spaced aerials, either on different frequencies or in 
different polarizations. 
Employing reception from two aerials, and a four-path receiver, r 

quadruple diversity system results. This means that: ( 1) The trans-
mitters, while normally working together, can operate alone and thus 
form an active stand-by to each other if either should fail. (2) With 
full operation, a diversity gain equivalent to some 5 or 6 dB improve-
ment over the dual diversity system is achieved. The HS315 1-kW 
amplifier can be used on similar services where lower radiated power is 
perm issible 
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FIG. 4.—TROPOSPHERle SCATTER 
AERIAL. 

The 30 ft. diameter dish aerial and 
transmitter building at Start Point, 
Devon for a 200-mile tropospheric 
scatter multichannel radin link with 
Galloywood, Essex. The link is cap-
able of carrying up to 60 simultaneous 
telephone channels. 
(Marconee Wirelee8 Telegraph Co. Ltd.) 

Aerials for Tropospheric Scatter Systems (Marconi's Wireless Telegraph 
Co. Ltd.) 

To meet the requirements for tropospheric scatter communication 
special aerial equipment has been developed. The system comprises 
a reflector rigidly mounted and illuminated by a horn feed which can be 
adjusted in order to vary the deviation of beam by 2 degrees above and 
below, and 1 degree either side of, the reflector axis; there is also ad-
justment for focus of the horn. 
The aerials at each end of the link are identical and can be used for 

transmitting and receiving simultaneously; separation of the two fields 
is effected by polarizing one vertically and the other horizontally. 
The horn feed effects the polarization in that it is a combination of horn 
and diplexer, termed " dual-polarized ". 
The paraboloid reflectors are 30 or 60 ft. in diameter (a 120-ft. version 

is also made) and the lower rim may be about 5, 25 or 50 ft. from ground 
level. The aeris1/41s are suitable for frequencies 400-1,000 Mc/s and the 
forward gain at 1,010 Mcis is 37 dB (30 ft.) ; 43 dB (60 ft.); 49 dB 
(120 ft.), the gain at 384 Mc/s being 30, 36 and 42 dB respectively. 
The beam-widths between — 3-dB points at 1,010 Mc/s are 2, 1.2 and 
0.25 degrees and at 384 Mc/s are 5-4, 4.7 and 0.75 degrees. 

B.B.C. Vision Electronic Recording Apparatus (" VERA ") 

A magnetic-tape equipnaent for the recording and reproduction of 
the vision and sound signals of television programmes has been de-
signed and installed by the . B.B.C. Research Department. The ma-
chine employs a three-track system of recording, two of the tracks being 
devoted to the storing of the video signal and one to the sound signal. 
Separate recording and reproducing head-stacks are employed, each 
stack containing three identical heads separated from each other by 
copper screens and carefully aligned with respect to one another in 
manufacture. An operational channel consists of two machines, 
controlled from a central control desk. Magnetic tape 0.5-in, wide is 
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FIG. 5.—BLOCK DIAGRAM OF THE PRINCIPAL ELECTRONIC UNITS OF 
THE B.B.C. VISION ELECTRONIC RECOEDING APPARATUS. 

(B.B.C.) 

used and a 20I-in.-diameter reel will accommodate 15 minutes of 
programme. The tape speed used is 200 in./sec., and conventional 
thin-base sound-recording tape is suitable. Continuous monitoring 

during recording is possible. 
For storing the video signal the two video tracks are associated, on 

the recording side, with r band-splitting system to divide the signal 
into two bands, approximr.tely 0-100 kcis and 100 kcis--3 Me/s. The 
0-100-kcis video band is made to frequency-modulate a carrier, which is 
then recorded on one track. The bottom of the synchronizing pulses 
corresponds to 1 Mcis and the peak-white level of the picture to 500 kcis. 
This system overcomes the low-frequency and long-wavelength diffi-
culties inherent in cenventional magnetic 1ecording and also enables 
limiting to be used to overcome most of the " drop out" difficul-

On reproduction the output from the frequency-modulated video 
track is limited, uemodulated and added to the output from the higher-
frequency track to reform the composite television waveform. Before 
transmission the synchronizing information is extracted, reconstituted 
and added to the video signal. 
The development of heads having sufficiently low logses at high 

frequencies is a major problem. Ferrites are used for tne head cores, 
but as their mechanical propertieh are unsuitable for the gap edges and 
working surfaces, these are faced with magnetic material of superior 
mechanical properties, such as '" Mumetal " or " Alfenol '. To 
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provide the necessary resolution gap lengths of th- order of 2 X 10-5 in. 
are required. For this purpose mica spacers may be used or, alterna-
tively, silicon monoxide, can be evaporated in vacuo on the pole faces 
of the head to form a durable, stable, gap spacer. 

In the tape-transport mechanism, most of the power is supplied by 
spooling motors, which are arranged to move the tape past the heads 
at a speed just below 200 in./sec. even when the drive motor is not 
engaged. The drive motor is then required to supply only a limited 
amount of power. A " Velodyne " system of speed control and cor-
rection of the iriving capstan is used. 

Mechanical Filters (Collins Radio Company) 

Mechanical filters, which can replace quartz crystal filters in many 
applications, are available in units as small as 0.3 Cu. in. and provide a 
flat-topped frequency-response characteristic; they have been built 
with a 60-to--6 dB shape factor as low as 1-2 to 1. 

Filters consist of three basic elemeifts: ( 1) transducers which convert 
electrical oscillations , into mechanical oscillations, or vice versa; ( 2) 
metal discs • whieh are mec4nically resonant; knd (3) disc-coupling 
rods. 
The transducer, which converts electrical and mechanical energy, is a 

magnetostrictive device based ou the principle that certain materials 
elongate or shorten when in the presence of a magnetic field. Therefore, 
if an electrical signal is sent through a coil which contains the magneto-
strictive material as the core, the electrical oscillation will be converted 
into a mechanical oscillation. The mechanical oscillation can then be 
used to drive the mechanical elements of the filter. In addition to 
electrical and mechanical conversion, the transducer also provides 
proper termination for the mechanical network. 
The centre frequency of a mechanical filter is determined by the 

metal discs, which may be represented in an electfical equivalent circuit 
as a series resonant circuit. In practice, filters between 60 and 600 kc/s 
are being manufactured. Since each disc represents a series-resonant 
circuit, increasing the number of discs increases skirt selectivity of the 
filter; skirt selectivity is normally specified as shape factor, which is 
the ratio: (band-width 60 dB below peak)/(band-width 6 dB below 
peak). 

ONE SUPPORTING 
»lc AT EACH ENO 

ELECTRICAL SIGNAL 
16IPUT ON OUTPUT) 

RESONANT MECHANICAL SECTION 
(6 RESONANT DISKS) 

COUPLING NODS 

DIOS MAGNET 

TRANSDUCER 
COIL 

MAGNETOSTRICTIVE ELEC.RICAL SIGNAL 

UNITING ROO (INPUT OR OUTPUT) 

FIG. 6.—FUNCTIONAL DIAGRAM OF A MECHANICAL FILTER. 
(Collins Radio Company) 

3 a. 
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FIG. 8.—TRANSISTOR 

FIG. 7.—TYPICAL CONSTANT GAIN AMPLIFIER USING MECHANICAL FILTER. 

II( 

I.F. AMPLIFIER WITH MECHANICAL FILTZIL 
(Co'lime Radio Company.) 

In an equivalent circuit, the coupling capacitors represent the rods 
which couple the discs. By varying the mechanical coupling between 
the discs, i.e., making the. coupling rods larger or smaller, the band-
width of the filter is varied. Because the band-width varies approxi-
mately as the total area of the coupling wires, the band-width can be 
increased by either -using larger or more coupling rods. Standard 
available band-widths range from 500 c/s to 35 kc/s, and special units 
have been built with band-widths as narrow as 30 cis and as wide as 
60 kc/s. 
The design and construction of circuits using mechanical filters is 

relatively simple, since no special matching networks are required. 
Being internally terminated, the filters need only a high-resistance 
termination of uncritical value at either end together with the specified 
resodating capacitance. They may be used simply in inter-valve 
couplings with the D.C. blocked out, and. can- also be matched into 
the low-impedance circuits encountered with transistors, by using a 
series-resonant filter termination instead of the normal parallel. 
resonant condition. 
When Wed in bandpass circuits, such as an I.F. filter in a high-

performance communications receiver, there should be effective shield-
ing between the input and output circuits to prevent the input signal 
from partially by-passing the filter. 

Mechanical filters find many applications in transmitting and re-
ceiving communications equipment, S.S.B. generation, multiplexing 
equipment, missile-guidance systems, doppler radar, etc. 

Information on these mechanical filters has been made available by 
Collins Radio Company of England Ltd. 
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H.F. Crystal Filters (Cathodeon Crystals Ltd.) 

Band-pass 10-7-Mc/s crystal filters BP50, BP25 and BP12 have been 
designed for use in V.H.F. communication receivers where channel 
spacing is based on el, 25 and possibly 12-5 kc/s separation. The filter 
unit consists of a lattice network using high-stability quartz crystal 
units and associated components mounted on a printed circuit, enclosed 
in an hermetically sealed metal case. The three types are interchange-
able permitting simple adaptation of receivers for different channel-spac-
ing systems. It is claimed that the use nf these filters makes possible 
single-conversion V.H.F. and U.H.F. receivers with the selectivity 
normally associated only with multiple-frequency conversion equipment, 
reducing the possibility of croas modulation, spurious signals and mixer 
overload and eliminating the need for critically designed high-stability 
I.F. transformers. Operating characteristics include: centre frequency 
stability ± 0.0012 per cent; band-width at —6 dB 25 kc/s (BP50), 
12.5 kc/s (BP25), 6 ke/s ( BP12); uand-width at —60 dB 45 kc/s 
(BP50), 22 ltc/a (BP25), 11 kc/s (BP12). 

'Étiple Conversion Tuning System (Racal Engineering Ltd.) 

An interesting triple-mixing technique, based on e single high. 
stability crystal, is used in the Racal RA17 H.F. communications receiver 
tu provide ah easily set tuning range of 0.5-30 Mcis with( ut mechanical 
switching and with automatic drift correction. Tuning is carried out 
in two steps: first, the desired megacycle range is selected ( 1-30 
Mc/s) without need for critical setting due to the error-balancing circuit; 
secondly, the kilocycles control adjusts the set and the 60-in, film-scale 
dial to the desired frequency. With the aid of a-built-in crystal cali-
brator, a setting accuracy within 200 c/s is provided throughout the 
range. 
The triple-conversion circuit employs a very high first intermediate 

frequency. This enables an untuned, low-noise, wide-band amplifier 
to be used in the signal-input stage, dispensing with tuned signal stages 
and their switching problems. The input signal, after amplification, 
is combined in the first mixer with the output of the first variable fre-
quency oscillator. The first I.F. (40 Me/s) takes the form of a spectrum 
of 1.3 Mc/s band-width. The 1-Mc/s crystal «oscillator drives a harmonic 
generator to provide a range of frequencies 1 Mc/s apart up to 32 Mc/s. 

OUTPUT 

Fia. 9.—TRIPLE 'CONVERSION 
TUNING SYSTEM 'PITTED TO THE 
Ft A 1 7 H.F. CommtrniC3VIONS 

RECEIVER. 
(ROPOI Engineering, Ltd.) 
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These harmonics are coro Dined with the output of VF01 in mixer M4. 
The presence of a 375-Mc /s filter of 300 kc/s band-width in the output 
circuit limits the effective settings of VF01 to intervals of 1 Mc/s ( i.e., 
when one of the harmonics will combine with VF01 to produce an output 
in the filter passband). This 37-5-Mcis output is combined with the 
first I.F. in mixer M2 to produce the second I.F. comprising a spectrum 
from 2 to 3 Me/s. Tho succeeding stages consist of a conventional 
superhet circuit tuning 2-3 Mc/s and acting as an interpolation receiver. 
The tuning control of VF01 behaves, in effect, as a twenty-nine-

position electronic switch providing band selection in equal steps, start-
ing from 1 Mc/s up to 30 Mc/s. Drift in VF01 over fairly wide limits 
has no effect on the, tuning of the receiver, for a slight change in the 
frequency of VFOI will alter tho frequency from the first I.F. to the same 
extent and in the same direction as the frequency received from the 
37.5-Mc/s amplifier and filter; the output frequency from M2 will 
therefore remain unchanged. 

FIG. 10.—COSSOR KIT-CONSTRUCTED 
DOUBLE BEAM OSCILLOSCOPE. 

The home construction of reliable 
servicing and test equipment has been 
much simplified by the introduction of 
printed wiring panels. This largely 
overcomes the problem of slight varia-
tions in lay-out and construction leading 
te tonsiderable differences in results and 
in ealibration. Modern kits, as supplied 
by a number of makers, contain all parts 
together with detailed step-by-step 
assembly instructions. Signal eenern-
tors, valve voltmeters and multi-range 
testmeters are among the instrumente 
available in kit form. 

FICL Il (left).—TRANSISTOR - 
IZÉD " THIRD METHOD 

S.S.B. GENERATOR. 

The S.S.B. generator and 
demodulator of the Redil en 
GR400 60-watt S.S.B. trans-
mitter—receiver, together with 
transistorized microphone and 
loudspeaker amplifiers in one 
19-in, wide by 3i-°• high 
unit. Information on this 
type of S.S.B. generator is 
given in Section 7. 
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FIG. 12.—" Swrrnici UP " PICTURE 
TUBE FOR SERVICING. 

A 6-in, magnetically-deflected 
tube developed as an aid to tele-
vision servicing. Tho tubo will 
plug into the majority of receivers 
using 14, 17 or 21-in, tubes and 
avoids the handling of full-sized 
tubes during field and bench work. 
It also increases the accessibility 
of the components on the chassis. 

(The General Electric Co. Ltd.) 

13.---CAMUER DEVIA-
TioN METER. 

A direct reading P.M. devia-
tion meter with a calibrated 
frequency range of 4 to 1024 
31c,S in eight bands and four 
deviation ranges of 5, 25, 75 and 
125 keis. Tho instrument is 
basically an P.M. receiver 
using a counter-typo discrim-
inator of which the output 
energizes a meter calibrated 
directly in deviation. 
(Marconi Instruments Ltd.) 

Scan magnification (Millard Ltd.) 

A new system of scan magnification—invented by D. R. Skoyles— 
which overcomes the limitation of scan power available in an experi-
mental transistor television receiver, was first described by B. R. 
Over- on, B.Sc., A.M.I.E.E., of the Mullard Research Laboratories in 
the Journal of the Television Society, Vol. 8, No. 11, 1958. A pair of 
focusing quadrupole magnetic lenses and a magnetic magnifying lens 
are placed along the neck of the cathode-ray tube having a wide-beam 
triode gun. In the receiver described this system enabled the power 
requirements for the time-base to be reduced to approximately one-
fortieth of those of a conventional receiver: a power saving of 190: 1 
oeing achieved in the line time-base and approximately 4: 1 in the 
field time-base. It enabled a fully transistorized receiver to be operated 
from a 12-volt supply with a consumption of approximately 12 watts. 

If an electron path is through a fixed magnetic field having opposite 
sense on either side of the cathode-ray-tube axis between the deflection 
assembly and the screen, then the deflection angle of the beam can be 
increased in a manner analogous to an optical lens. Normally, however, 
with such an arrangement the deflection in a plane at right angles to the 
plane in which there is magnification will be decreased. However, 
if the field strength of the magnifying lens is incresed beyond a certain 
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point, the scan in the second plane is also magnified, though with a 
reversal of sense. 
Simply interposing a magnifying lens would, however, increase spot 

size as well as the deflection angle, so that little benefit would be ob-
tained. This difficulty can be overcome by the use of a quadrupole 
focusing system, comprising a pair of quadrupole magnet assemblies 
spaced a short distance apart along the tube neck, and having diverging 
planes set at 90 degrees relative to each other. 
Adjustable magnifying lenses have been developed which overcome 

deflection defocusing by the use of poles shaped as equilateral rect-
angular hyperbole, and which retain a good raster shape. To maintain 
focus in the horizontal direction when the beam is deflected vertically, 
there are additional correction windings, energized by the frame time-
base, on the deflection yoke. It should be noted that the final focus 
is more sensitive to E.H.T. variations than a conventional system. 
The application of scan magnification to other forme of display units, 

such as radar, has already been demonstrated. It seems likely that 
scan magnification will eventually be an essential part of television-like 
display units designed to be economical in power. 

Percival System of Stereophonic Broadcasting (Electric and Musical 
Industries Ltd.) 

Stereophonic broadcasting experiments have been carried out by 
the B.B.C. and in other countries in which the signal intended for the 
left loudspeaker is transmitted from one station, while that intended 
for the right loudspeaker is transmitted from another station. While 
useful information can be obtained from such experiments, this system 
is uneconomical and is incompatible in so far as listeners with only a 
single standard receiver could receive only the left or the right signal. 
In the U.S.A. single F.M. multiplex transmitters have been used to 
transmit the sum of the left and right signals in place of the ordinary 
audio signal, together with the difference of the two signals on a sub-
carrier ; this normally involves a loss of transmission range equivalent 
to a power loss of the order of 6 dB, due to the band-width required. 
In an ideal system the listener with a standard receiver would be 

unaware that stereo sound was being transmitted, while the listener 
with the necessary equipment would enjoy stereo reproduction over the 
same transmission range as the ordinary listener. 
The transition from ordinary to stereo reproduction involves :the 

transmission of additional information as to direction. It can be shown 
that the quantity of additional information is small compared with that 
necessary for the audio content. Hence, if the directional information 
could be separated and transmitted as an independent signal, the extra 
power and band-width required would be very small. Moreover, only 
the single normal audio signal would be required, so that the system 
would be completely compatible. 

If there were only a single moving. source it would be sufficient to 
transmit an auxiliary signal indicating the position of the source at 
any instant. In practice. it is necessary to deal with a number of 
independent sources, and it might appear that a separate signal would 
be required for each: however, it has been found that this is not 
necessary. 
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FIG. 14.—ENCODER AND TRANSMITTER FOR PERCIVAL SYSTEM. 
(Electric and Musical Industries Ltd.) 

In the earliest experiments the directional informationWas given by a 
voltage depending on the ratio of the envelopes of the normal left and 
right signals. This voltage was employed to control the relative gains 
of the amplifiers supplying the left and right speakers. The optimum 
band.width for the control signal was found to be about 100 c/s. Some 
true stereo effects were obtained, but, as would be expected, were 
inadequate. 

Nevertheless, the results showed that successive sounds emanating 
from different directions were interleaving in such a way as to give the 
impression of separate simultaneous sources. 

Further development involved a recognition of the fact tnat the ears 
are able to determine the directions of certain types or parts of sounds 
more readily than the directions of others. Indeed, experiments 
showed that some sounds could completely mask the directions of certain 

15.—REcsivEit AND DECODER. 
(Electric and .Musical Industries Ltd.) 
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other sounds. Accordingly, it was necessary to. process the original 
left and right signals in such a way that the directional information 
was weighted in accordance with the ability of the ears to detect the 
directions of th'e various sounds. In other words, an attempt was made 
to match the channel carrying the directional information to the channel 
constituted by the ears and the brain. 
The additional processing . required to form the directional signal 

naturally involved some complications at the transmitter end. How-
ever, it involved no modifications to the radio transmitter itself and, 
very fortunately, it required no changes whatever in the very simple 
process of decoding in the receiver. 
To test the system over radio, the low-power R.F. amplifier of a 

prototype of a B.B.C. Band II F.M. transmitter was utilized to transmit 
the signal over a distance of about mile with a power of the order of a 
watt. 
The left and right ìudio signals were derived from standard com-

mercial stereo tape, the two signals being combined to give a single 
compatible audio signal together with a control voltage which was 
modulated on to a sub-carrier at a frequency above the audio band. 
The audio and directional signals were then added and caused to fre-
quency modulate the main carrier, the transmitter itself being unaltered. 
The reduction in level of the audio signal required to accommodate the 
sub-carrier would have caused a reduction of range equivalent to a loss 
of power of about 2 dB. However, it is hoped to do better than this. 
The single compatible audio signal can be received in the same way as 

for a monophonic transmission, the additional directional signal being 
obtained on stereo receivers by demodulating the sub-carrier, which can 
be just above the highest audio frequency, for example at about 22 kola. 

If L is the original left audio signal and R the original right audio 
signal the combined audio signal may be written as L R, although 
it may in fact differ from the simple sum in certain respects. The 
direction signal is L'/(L' R'), and it is required to employ this as a 
control voltage to give the new left and right signals L" and R" where 

L'  
L" L' ± R' (L R); R" —  L'(L R) . • . ( 1.) 

so that R" (L R) — L"   (2) 

Hence L" can be obtained by multiplying the single audio signal by 
the directional signal, while It" is simply the audio signal with L' 
subtracted from it. 
The multiplier unit must satisfy two conditions: first, that there shall 

be no break-through of the control voltage into the audio output, and 
second, that it shall be sufficiently cheap to incorporate in a commercial 
receiver. Both of these conditions are satisfied by a compact form of 
Hall multiplier in which the control signal energizes the field, while the 
audio signal is passed through the crystal. The output from the Hall 
multiplier appears as a voltage across the Hall crystal and, after ampli-
fication, provides the input to the left loudspeaker. The input to the 
right loudspeaker is obtained by amplifying the difference between the 
audio input and th, output from the Hall multiplier. 
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Backward-wave oscillators, 

23-31 

Balanced-life batteries, 14-25; 
38-,15 

Balanced lines; 12-3 
Balanced modulators, 5-37; 

7-23 
Balanced pi networks, 1-39 
Balanced T attenuators, 1-39 
Balanced-to-unbalanced trans-

formers, 12-12 
Balanced-valve voltmeters, 

88-19 
Bennis, 12-11 
Band I/III filters, 21-22 
Band II aerials, 21-15 
Band LII aerials, 21-21 
Band III conversion, 40-36 et 

S. 

Band 17 interference, 88-18 
Band IV aerials, 21-23 . 
Band V aerials, 21-23 
Band-elimination filters, 1-41 
Band-pass filters, 1-41 ; i5-27 

transformer eircuit„80-16 
Band saving, colour tele-

vision, 2-27 
Band sharing, colour tele-

vision, 2-29 
Band-width of: 

serials, 11 Passim; 21 
passim 

television sound channels, 
15-29 

Band-width requirements of: 
reducing, 2-8 
television receivers, 15 

passim 
television transmitters, 10 

passim 
Barium oxide, 23-2 
Bases, valve, 243-5 
Bass and treble, 37-20 
Bass response, replay heads, 

34-15 
BATrearEs, Sec. 38; 38-19 

et seq.; 14-25 
charging, 38-20 et seq. 
dry, 88-2 et see. 
Mallory, 813-16 et seq. 
nickel-iron, 813-20 

88-2... 
solar, 88-23 

Baud, 1-73; 18-7 
Barandel tone control, 87-20 
B.B.C.: 

television translator, 47-5 
vision e'ectronic recording 

apparatus, 47-7 
B.B.C. television tuning sig-

B.B.C. tes't card " C ", 40-5 
Beacon stations, radar, 18-19, 

52 
Beam approach, 18-10 
Beam Indexing picture tube, 

2-24 
Beam splitting, radar, 18-30 
Beam tilting, U-43 
Beam widths, radar, 18-29 
Bearings, 18-5 

great circle, U-44 et seg. 
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Beat-frequency oscillators, 
88-19 

Bedford diagram, 83-12 
Bel, 1-23 
Bellini-Tosi aerials, 18-7 
Bias level adjustment. 39-45 
Black-level clamping, 10-53 
Blattnerphone, 34-2 
Blocking, 22-5 
Blocking oscillator frequency, 

43-17 
Blocking oscillators, 15-47 
Betzmann's constant, 17-29; 

42-2 
Booster diode, 15-54 
Box ducts, wiring system, 

41-1 
Brass, 3-40 
Break-in operation, 7-17; 

9.-17 
Dridge.measurigm inept. 

meats, 1-116; 25-48 
Bridge megohmmetere, 38-15 
Brimistors, 8-23 
British Standards on inter-

ference suppression, 
34-I8 

British Thermal Unit, 48-5 
BROAD-BAND RADIO SYSTEMS, 

Sic. 17 
Broadcasting frequency allo-

cations, 3-43,44 
BROADCASTING RECEIVERS, 

Sec. 14 
interference to, 33-3 et seq. 
transistor, 14-75; 26-35 

Broadcasting studios, 4-2 et 
leg. 

BROADCASTING TRANSMIT-
TERS, Sec. 6 

Broadside arrays, 11-28 
Bronze, 4-40 
Buckman and Meyer optical 

system, 34-33 
Buffer stager!, 7-9 
" Built-out' filters, 25-44 
Buncher grid, 23-27 
" Bunching", 23-27 
" Burst", 2-30 
Butler crystal oscillator, 44-15 

C.O.I.F. noise meter, 25-42 
" 0 " cores, 3-7; 7-19; 30-12 
C.G.S. System, 48-2 et seq. 
Cabinet boom, 14-10,11 
Cabinets, loudspeaker, see 

Loudspeaker enclosures 
Cable hanger wiring systems, 

41-4 
Cable trays wiring systems, 

41-4 
Cables, 1-14,89,114 

for sound distribution 
systems, 37-33 

radio-frequency, 12 passim 
Cables and lines, formulai and 

calculations for, 1-114 
et seq. ; 12 passim 

Cadmium-copper, 3-40 
Calibration: 

of meters, 1-115 
radar, 18-22 

Calorie, 48-5 
Camera tubes, 2-32; 4-30,38 

et seq.; 45-9 et seg. 
Camera tubes, faults produced 

by, 83-14 
Capacitance, 1-9 et seq.; 29-3 

et seq. 
aerial, 14-16 
bridge, 1-117; 89-14 
measurement, 88-34 

Capacitor analyser, 39-14 
CAPACITORS, Sec. 29; 14-2i 

et seq. 
calculations and formule, 

r--.9 et seq.; 29 passim 
ceramic dielectric, 29-12; 

14-27 
ceramic trimmers, 29-15 
colour code for, 24-12 
electrolytic, 14-30; 24-15; 

39-8 
faults in, 29 passim; 89-4 

41-16 
for transmitters, 7-20; 29 

passim 
for power-factor correction, 

1-98; 29-10 
for interference suppres-

sion, 29-8 
mica, 24-10 
paper dielectric, 7720; 

14-28; 29-6 
plastic-film, 24-21 
printed, 3-48 
P•T•P•E, 20-24 
semi-conductor, 27-10 
variable air-dieleetric,14-29 

Car aerials, 14-81; 21-16 
Carbon microphones, 81-10 

et seq. 
Carbon track potentiometers, 

28-10 et seq. 
Cardioid diagram, 18-5 
Carrier amplifiers, 14-24 
Carrier sources, 8-2 et seg. 
Cascode amplifiers, 8-25; 

14-58; jjk-7 
Castellated yokes, 15-49 
Casting resins, 30-11 
** Catcher " grid, 23-27 
Cathode degeneration, 10-31, 

34 
Cathode follower, 1-54 

radio-frequency drive, 
20-12 

shunt-regulated amplifier, 
10-13 

Cathode-input amplifier, 
23-22 

Catbode modulation, 10-0 
Cathode-ray oscilloscopes, 

38-45 et seq. 
CATHODE-RAY TUBES, Sec. 24 

accuracy, 24-6 
aluminizing, 24-10 
colour, 2-22 

CATIIODE-RAY TUBES 
(contd.)— 

construction, 24-4 
definition, 93-6 
deflection, 24-9,14 
domestic projection types, 

43-5 
electronic storage types, 

24-28 
electrostatic type, 24-3 
faults, 40-27 
fluorescent materials for, 

24-19 
focusing, 24-8,16, 
handling, 24-12 
hard , 24-4 

ion tram, 24-10,23 
large-scale displays, 24-26 
large-screen projection, 

43-5 
metal typea, 24-11 
projection types, 48 passim 
protection of, 43-8 
radar, 18-27; 24-25 
stivaging of, 40-34 
screens for, 24-22.25 
television types, 24-6 
tinting, 24-11 

Cathodes, 24-10; 24-16; 
23-3 

Calhakon Crystals Ltd.: 
Crystal alters, 47-11 

Cavity magnetrons, 28-25 
Cellulose acetate, 3-17 
Centre-dropping record 

spindle, 35-10 
Centre frequency stabilized 

systems, 0-39 
Centre-pole-type magnets, 

ft-5 
Centre-tap rectifier circuit, 

25-21 
Ceramic capacitors, 14-27 _ 
Ceramic dielectric capacitors, 

22-12 et seq. 
Ceramic trimmers, 29-15 
Ceramic valves, 28-13 
Ceramics, properties of, 29-13 
Channel converters, 40-36 
Channel selectors, 15-15 et 

seq. 
Channel spacing, V.H.F. 

84 
Channelling, 18-10 

shifting and restoring, 
18-11 

Characteristic impedance of 
transmission lines, 
12-2,4; 38-36 

Characteristics, valve, 1-16; 
23-5 et seg. 

Characteristics and levels, 
recording, 34-25 

Chart plan radar, 18-52 
Chemical properties of n-
• sulating materials, 3-0 
Chemical theory of: 
dry cells, 88-2 
Mallory cells, 38-16 

Choice of frequency, 11-7 
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Choice of intermediate fre-
quency: 

radio, 14-14; 22-12 
television, 15-20; 88-12 

Choke coupling, 1-52 
Chokes, see also under In-

ductors: 
iron-cored, 14-21 
smoothing filters, for, 25-16 
testing, 25-47 

Chromacoder, 2-32 
Chromarron, 2-24 
Chrominance, 2-26 
Circuit analyser (signal 

tracer), 88-38 . 
Circuit impedances, calcula-

tion of, 15-25 
Circuit 'magnification meter 

(Q-meter) 26-31 
Circuit theorems. 1-18 
Clamp pulse generators, 10-56 

et seq. 
delay line type, 10-57, 

58 
locked type, 10-59,60 

Clamp-valve protection cir-
cuits, a--11 

Clamping for television trans-
mitters, 10-49 

" Clapp " oscillator, 9-6 
Class A operation, 1-46; 6-4; 

41-9 
Class AB operation, 1-17 
Class B operation, 1-46; 6-6; 

41-9 
Class B modulator, 8-22 
Class C operation, 1-46; 13-S; 

41-9 
Classification of insulating 

materials, 3-11 
Claw-type magnets, 32-4 
Climatic considerations, 7-19; 

14-3 
Closed cabinet enclosures, 

32-17 
Cloud-wareing devices, 19-33 
Co-axial feeder«. 12-3 

calculations for, 12 7 

Codes, telegraph, 18-7 
Coefficient of coupling, 30-4 
Coll windings, recorder, 34-7 
Célls, see under Inductors' 
Cold-cathode valves, 28-14 
Collins Radio Co.: 

Mechanical filter, 47-9 
Collision warning devices, 

19-33 
Colorimetry,.2-.-25 
Colortron, 2-23 
Colour codes: 

capacitors 29-12 
fuses, 14-26 
resistors, 28-3 

Colour poisoning, 2-23 
Colour television, 2-21 et seq.; 

10-63; 47-2 
Colour television receivers, 

47-2 
Colour television, transmssion 

standards, 17-5 

Colour television transmitters, 
10-63 

Colpitts crystal oscillator, 
44-12 

Colpitts oscillator, 15-10; 
38-21; 44-12 

Combined FI.T.-L.T. batteries, 
38-15 

COMMERCIAL H.F. LUIS'S, Sec. 
18 

Commercial receiver design, 
18-13 et seq. 

Common aerial operation, 
. U--21 
Common-base operation, 

28-25 
Common-collector operation, 

26-27 
Common-emitter operation, 

28-26 
Communication equipment, 

aeronautical, 19-5 
COMMUNICATION RECEIVERS, 

Sec. 22 
alignment of, 39-40 
amateur requirements, 9-18 
crystal filter for, 39-41 
mechanical filters for, 47-9 
servicing of, 39-40 et seq. 
tuning syste-m for, 47-11 
typical design of, 22-18 et 

seq. 
Communication systems, 
moon bounce, 7-36 
V.H.F., operation of, 8-26 

COMMUNICATION TILEORY, Sec. 
2 

COMMUNICATION TRANSMIT-
TEAS, Sec. 7 

aerial coupling, 7-10 
buffer stages for, 7-9 
components for, 7-18 
finish of, 7-18 

Concentric cylinders, capaci-
tance of, 29-3 

Condenser loudspeakers, 82,2 
Condenser microphones, 31-7 

et seq. 
frequency response of, 31-9 
non-linear distortion, 

31-10 
operation of, 31-7 
polar response, 31-9 
sensitivity, 31-8 
variable polar response, 

31-10 
Condensers, see under Capa-

citors 
Conductance, 1-12 
Conducted interference, 33-2 
Conduction-cooled metal 

rectifiers, 25-27 
Conductor, resistance of, 

1-2 
Conductors, electrical pro-

perties of, 3-42 
Conjugate numbers, 1-137 
Cen"°I, 18-10; 19-21 
Constant-current modulation, 

8-20 
Constant-impedance net-

works, 10-48,60,61 
Comtant-impedance supplies, 

10-61 
Constants, valve, 1-45 
Constant-voltage modula-

tion, 8-25 
Contactors, faults in, 41-18, 

fixed telephony, 7-21 et seq. 
ground-to-air, 7-36 
high-stabilitv, 7-6 
keying, 7-11; 
marine, 7-31 
mobile, '7-35 
modulation of, 7-14 
oscillators for, 7-3 
power amplifiers for, 7-9 

Commutator motor inter-
ference, 33-5 

Compatible colour system, 
2-21 

Compensated volume control, 
14-8 

Compensation far recording 
characteristics, 14-53; 
34-15 

Complex quantities, calculat-
ing, 1-136 

Components, replacement of 
transmitter, 41-19, 20 

Composition resistor noise 
23-8 

Composition resistor, working 
life, 28-9 

Composition resistors, 28-4 

Continuiliy wiring tests, 41-5 
Continuous motion projector, 

4-26 
Control arrangements, V.11.F., 

8-27 
Conversion conductance, 

23-12 
Conversion gain, 23-12 
Conversion plant, transmitter, 

5-6 
Converter, image, 45-14 
Cooling, vapour, 5-35 
Cooling of metal rectifiers, 

25-18 
Cooling plant, transmitter, 

5-26 
Copper, 8-40,42 
Copper-clad laminates, 345 
Copper wires, 3-28 et seq. 
Coreo: 

C, 20-12 
dust, 80-10 
E, 30-12 
Ferrite, 80-11 
1, e_12 
intermediate-frequency 

transformer, 14-19 
linearity of, 80-18 
T, 30-12 

, U, 80-12 
Coresil, 5-17 
Corner reflectors, 24-6 
Corrosion, 7-21 
Cosine Tables, 1-143 
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Cossor Instruments Ltd.: 
Oscilloscope, 47-12 

Cotangent Tables, 1-145 
Coulomb, 40-5 
Coupled circuits: 

calculations, 1-36 et seq. 
intermediate- frequent y 

stages, 22-12 
Coupling: 

calculation's, 1-49 et seq. 
into vertical aerials, 11-20 
replay head, 34-13 

Coupling circuits, television 
sound, 19-30 

C.P.S. emitron camera tubes, 
4-39 

Cramping, 40-30 
Critical feedback, 10-29,32 
Critical filter inductance, 

1-105 
Critical frequency, 11-6 
Cross modulation, 14-13; 

22-5 
Crossover filters, aerial, 

21-22 
Crossover networks, loud-

speaker, 82-12 et seq. 
Crystal activity tester, 88-40 
Crystal calibrator, 88-13 
CRYSTAL DIODES, Sec. 27 
Crystal filters, 9-10; 16-16; 

39-41; 47-11 
alignment of, 39-41 
operation of, 9-19 

Crystal loudspeakers, 82-2 
Crystal microphones, 31-18 
Crystal mixers. 18-51 
Crystal oscillators, 7-6; 8-3 

et seq.; 16-16; 44 
passim 

ageing, 7-8 
Butler-type, 44-15 
Colpitts-type, 44-12 
" Como" (crystal oscillator/ 

master oscillator), 9-5 
frequency multiplication in, 

44-12 
high-stability, 8-3 
Meacham bridge-type, 

44-14 
overtone, 8-6 
Pierce-type, 44-8 
series-mode, 44-13-
temperature variation in, 

7-6; 8-4 
trimming, 7-7 

Crystal ovens, 7-7 
Crystal pick-ups, 84-28 
Crystal rectrfie. • 27 passim 
Crystals as noise sources, 

42-8 
Cubical quad aerial, 9-4 
Current-operated fuses, 14-25 
Current-reading conversion, 

38-9 
Current streamlines, 13-14 
Cybernetics, 2-2 
Cycle, record-changing, 35-12 
Cyclic irregularity of generat-

ing plant, 5-21 

Cylindrical anode magnetron, 
23-24 

Ceae, 19-23 

D 

" " layer, 11-6 
Damping factor, 37-16 
Damping, methods of reduc-

ing, 14-21 
D.C. circuits for commercial 

receivers, 16-17 
D.C. component of video 

waveform, 15-37 
D.C. to A.C. converters, 14-82 

et seq.; 36-29 et seq. 
D.C. restoration circuits, 

10-19.50, 51 
Decade resistance box, 

38-15 
Decamctric waves, 48-11 
Decca lb, rt log, 19-19 
Decca • navigational system, 

18-15, et seg.; 19-17 
Decibel, 1-23 
Decibel conversions, 1-129 et 

seq. 
Decibel meter, 38-31 
Decimetric waves, 40-11 
Declination, U-47 
Dectra, 19-20 
De-empbasis, 14-72; 17-15 
Definition, cathode-ray tubes, 

24-6 
Definitions of units, 45-3, 8 
Deflection coils, 2-20; 15-49; 

24-14 
Deflection in cathode-ray 

tubes, 2-14; 24-9 
Deflection sensitivity, 2-15 
Delay cables, 12-10 
Delay-line-type clamp-pulse 

generator, 10-57,58 
Delayed sound reinforcement, 

37-32 
Delrac, 19-21 
Demodulation and noise limit-

ing, V.H.F.: 
amplitude modulation, 8-21 
frequency modulation, 2-22 

Densities of materials, 32-22 
Department stores, industrial 

television for, 45-21 
Depolariser, 36-2,4 
Derived mechanical units, 

40-3 
Desaturated transformers, 

15-58 
Detectors, 8-21; 14-40, 65; 

15-31 
Detent-type tuners, 15-17 
Deviation, 6-29 et Req.; 8-15 
Deviation meter, 38-39 
Diathermy interference, 33-14 
Dichroic mirror filters, 2-32 
Diehroic mirrors, 2-22 
Dicke method of measuring 

receiver sensitivity, 
42-11 

Dicke radiometer, 20-9 

Dielectric constant, 1-11; 
. 29-2 

Dielectric lees, 1-10 
Dielectric properties of im-

pregnants, 29-7 
Dielectric waveguides, 13-18. 

19 
Diesel-generators, 5-17; 

17-21 
Die-stamping of printed cir-

cuits, 3-14 
Difference of two squares, 

1-125 
Differentiation of vertical 

pulses. 15,11 
Diffraction, 17-14 
Diffused junction translators, 

26-9 
Diffusion of sound, 4-9 
Diode bridge black-level 

clamp, 10-52 
Diode clamp circuit, 10-53 
Diode, noise, 42-4 
Diodes, crystal, 27 passim 
Diodes, thermionie, 23-5; 

25-2 
Diodes, Zener, 25-54 
Dip soldering, 8-50 
Diplex, four-frequency, 16-11 
" Diplexers ", 21-22 
Dipole, 11-3; 21-17 

band-width of, n-35 
field strength of, 11- 8 

Direct coupled amplifiers, 
10-47 et seg. 

Direct frequency modulation, 
6-36,39; 8-14 

Direct output aerial coupling, 
7-10 

Direct pick-up. 18-7 
Direction radiation inter-

ference, 83-2 
Direction-finding equipment, 

12-2 et seq. 
Directional aerials, 1-84; 

U-19; 21-19 
Directional arrays, 1-84; 11 

pattern 
Directivity, U-22 
Directors, 21-20 
Disc recording and reproduc-

tion, 84-21 et seq. 
Disc-recording heads, 34-27 
Disc-recording machine, 34-23 
Disc records, high-fidelity 

considerations, 37-4 
Disc-reproduction tracing dis-

tortion, 34-30 
Disc-reproduction tracking 

distortion, 34-30 
Disc seal valves, 23-22 
Disc-type capacitors, 29-14 
Discharge rates: 
dry batteries, 36-13 
Mallory cells, 36-17 

Discriminators, 8-23; 14-65; 
17-19 

Discriminators, aligning, 
8842 

Displacement currents, 18-7 
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Displays, 1825 
Distance measuring 

ment, 19-12 
Distortion: 
harmonic, 41-12 
loudspeakers, 82-15 

Distortion noise, 17-14 
Distortion tests, 41-12 
Distributor interference, 33-9 
Diversity communication 

systems, 8-27; 18 
passim 

Divider, frequency, 45-4,5 
Divider networks, 25-34 
D.M.E.„ 19-12 
D.31.E T., 19-15. 
Doppler systems: 

general principles, 19-26 
practical systems, 19-28 

Double-conversion super-
heterodyne receiver, 
22-17 et seq. 

Double-current cable code, 
18-10 

Double diversity single-side-
band, 18-10 

Double mixers, V.H.P., 8-19, 
20 

Double-shunt-regulated am-
plifiers, 10-45 

Double-shunt-regulated ca-
thode followers, 10-15 

Double-tetmdes, 23-21 
Double-tuned coupled cir-

cuits, 10-16 
Doublet, 82-26 
Dow oscillator, 9-5 
Drift correction, 14-27 
Drift transistors, 28-10 
Drive cords, 39-20 
Drives, gramophone mechan-

isms, 35-2 
Dry batteries % 38-2,4 et seq. 
chemical theory of, 3e-9 
choice of, 36-14 
combined H.T.-L.T., 38-15 
construction of, 88-5 • 
discharge rates of, 88-13 
high-tension types, 38-7 
layer-type, 38-8 
Leclanché type, 30-4 
performance of, 38-11 
physical theory of, 38-7 
round-cell type, ae-6 
voltage endpoint of, 38-13 

Dual-purpose mains sup-
pressor, 33-7 

Dummy aerials: 
for alignment, 89-27 
for measuring sensitivity, 

42-2 
Duplex-type loudspeakers, 

32-11,12 
Duplexing, 18-36,38 
Duralumin, 3-10 
ast cores, 30-10 

Dynamic resistance, 1-45 
Dynamic resistance deter-

mination, 38-35 
Dynamo Interference, 33-9 

equip-
Dynamometer-type watt-

meter, 33-14 
Dynatron oscillator, 7-4 
Dyne, 40-5 

E 

E core, 30-12 
E layer, n-6 
E-type waves, 13 passim 
Earth faults, cables. 1-116 
Earth systems for transmit-

ting aerials, 11-16 
Earthed-cathode operation, 

10-14 
Earthed-grid operation, 10-16. 
Earthenware conduit wiring 

systems, 41-4 
Earthing, 11-16; 21-31 et 

seg.; 39-3; 41-3 
Instruments, 21-32 
receivers, 21-31; 39-3 
television receivers, 40-3 
transmitters, n-16; 21-31 

Economy in broadcast re-
ceivers, 14-3 

Eddy current loss, printed 
circuits, 3-47 

Editing, tape recording, 
84-18 

Educational use of industrial 
television, 45-21 

Effective height of aerial, 
21-3 

Efficiency diode, 15-53 
Efficiency: 

loudspeaker, 32-15 
transformer, 1-109 

definitiort, 48-11 
E.H.T. faults, 40-26 
E.H.T. systems, 15-50 et seq.; 

25-22 et seg.; 40-26; 
43-13 et seg. 

E.}I.T. rectifiera: 
metal, 25-22 et seg. 
thermionic, 25-5 et seq. 

E.H.T. voltmeters, 38-S; 
40-17 

Electric deflection of electron 
beams, 2-14 

P.lectric field distribution, 
13-5 

Electric motors, 35-1 
Electric sign interference, 

33-6 
Electrical and Musical Indus-

tries Ltd.: 
Stereophonic broadcasting, 

Percival, 47-14 
ELECTRICAL INTERFERENCE, 

Sec. 83 
Electrical tolerances, 1-27 
Electro-dynamic loud-

speakers, 32-2 
Electrolytic capacitor bridge, 

88-28 
Electrolytic capacitors. 1430; 

29_15 et seq.: 39-a 
Electroms,enetic loudspeakers, 

32-2 

Electromagnetic spectrum, 
13-3 

Electro-medical interference, 
33-6 

Electron beam, 24-13 
Electron beams, deflection of, 

2-19 
Electrons: 

behaviour in electric field, 
2-9 

behaviour in magnetic field, 
2-16 

Electron-coupled oscillators, 
7-4; 9-5 

Electron optics, 2-9 et seq. 
Electron transit time, 23-21 
Electronic storage tubes, 

24-28 
Electronic testmeter, 39-12 
Electronic valve tester, 39-6 
Electrostatic cathode-ray 

tubes, 24-3,7 
Electrostatic lenses: 

immersion, 2-12 
symmetrical, 2-13 
two-cylinder, 2-13 
univoltage, 2-13 

Electrostatic loudspeakers, 
14-23; 82-22 

Electrostatic system of units, 
46-4 

Electrostatic voltmeter, 38-S 
Element temperature of metal 

rectifiers, 25-19 
Elements, 3-39 
Emergency radio-telegraph 

senders, 7-32 
Emissions classification of, 

1825,26; 48-10 
Enamels, 3-11 
Engi ne generators, 1-99; 5-17 
Entropy, types of, 2-5 
Epoxide resins, 3-11 
Equalization of recording 

amplifier, 84-16 
Equalizers: 

feedback, 84-37 
pick-up, 84-36 
playback, 84-37 

Equatorial mountings, 20-7 
Equipotential lines, 2-10 
Equipotential surfaces, 2-11 
Equivalence of complex cir-

cuits, 1-18 
Equivalent noise temperature. 

42-3 
Equivalent parallel resistance 

measurement, 44-20 
Equivalent phase modulation, 

8-34 
Equivalent power, 1-99 
Equivalent series resistance 

measurement, 44-18 
Erasing, 34-8 
Erg, 48-8 
Ethyl cellulose, 3-17 
Exciter coils, 38-24 
Exciters, amateur transmit-

ters, 9-6 
Exeitrons, 25-51 
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" F " layer, 11-6 
Factor K, 1-8 
Farad, 29-2 
Faraday screen, 8-11 
Farnsworth Image. Dissector. 

45-9 • 
Fault finding, 39-47 
Faults, television, 
C.R.T. circuit, 40-25 
E.H.T., 40-26 
frame time-base, 40-30 
interlacing, 49-26 
instability, 40-24 
line time-base, 40-28 
miscellaneous, 40-32 
11.F., 40-23 
sound on vision, 44-33 
Sync. separator, 40-25 
video-amplifier, 40-25 

F.D.M. transmission, 17-23 
Feedback amplifiers, 10-26 
Feedback equalizer, 34-37 
Feedback, negative, 1-55: 

8-24; 14-8, 47; 87-16 
Feedback, phase control. 

2-30 
Feedback, video amplifiers: 

aperiodic, 10-28, 32 
critical, 10-29, 32 
maximal, 10-30, 32 
optimal, 10-30,33 

Feeder lines, 11 passim; 12 
passim 

amateur radio, 12-10 
high-frequency links, 18-13 
micro-wave links, 17-20 
radar, 18-34 et seq. 
television reception, 12-9; 

21-23,28 
television relay, 12-10 

Feeclpoint impedance, 11-10 
Ferrite cores, 14-19; 30-11 
Ferrite elements. 8-8 
Ferrite-rod aerial, 14-1S 
Ferro-ceramic heads, 3-8 
Field-effect transistors, see 

Unipolar Transistors 
Field-sequential display, 2-23 
Field-strength, 1-72 
Field--;trengtt; of: 

dipole, 11-.8 
ground-wave, U-10 
transoiitting aerial, 1-82; 

11 passim 
vertical aerial, 11-9 

Field-strength meter, 34-44 
Ineldistor, junction, 24-19 
1 igure of merit, 17-19,28 
Filament heating, 5-42 
Filament switching, 5-43 
Filaments: 

operating conditions of, 
23-15 

series operation of,-28-19 
Film manufacture, industrial 

television use for,45-21.1 
Film transmitters for tele-

vision. 4-26 

Filtra-s, 1-39 et seq.; 37-22 et 
seq. 

aerial, 21-22 
crystal, 9-19; 18-16; 
• 32-41; 47,11 

D.C. generators, for, 25-39 
mechanical, 47-9 
ripple, 25-32 et seq. 

Fire hazards, 41-13 
Five-unit teleprinter, 16-0 
Flare, 40-34 
Flat tubes, 24-13 
Fletcher-Munson contours, 

14-8 
Flex lead suppression circuits, 

33-5 
Flexible metal conduit wiring 

system, 41-4 
Flexural quartz . crystals, 

44-16 
Floating batteries, 88-22 
Floating carrier operation, 

6-27 
Fluorescent lighting inter-

ference, 33-6 
Fluorescent materials for 

cathode-ray tubes, 
24-19 

I luorescent-tube noise 
sources, 42-6 

Flutter, 35-16; 30-51 
Flux densities, 18-8 
Flux densities of magnetic 

materials, 32-4 
Fluxes, 3-37 
Flux-regulating transformers, 

5-11 
Flyback pulse rectification, 

25-22 
Flying-spot film scanner, 4-28 
Flying-spot microscope, 45-17 
Flying-spot scanning, 45-6, 7 
Flywheel synchronization, 

15-12 . 
F.M.Q. drive, 8-42 
Focusing adjustments, pro-

jection tubes, 48-16 • 
Focusing cathode-ray tubes, 

24-8 
Focusing magnets, 3-2; Sec. 

24 
Folded dipoles, 3.1-38; 21-12 
Follow' le noise limiter, 

18-62 
Forced-air cooling, 5-27 
Fore-and-aft distortion, 84-31 
Former-supported conductor, 

30-6 
FORMULE AND CALCULATIONS, 

Sec• 
Foster-Seeley discriminator, 

8-23,14-67 
Four-frequency diplex system, 

18-11 
Four-terminal coupling net-

works, 10-26 
Frame aerials, 14-17: 21-6 
Frame-grid valves, 23-13 
Frame time-base generator, 

48-11 

Franklin beam array, 10-12 
Franklin oscillator, 7-5; 4-0 
Freak propagation inter-

ference, 88-14 
Frequency, 1-28 

changers, 14-76 
choice• of, 11-7; 44-36 et 

seq. . 
_rimming, 7-7 

Frequency allocations: 
forarnateurs, a-2, 3 
for broadcasting, 8-43, 44 
in /legion I, 44-22 et seq. 

Frequency conversion, 23-11: 
14-60; 26-35 

'Frequency coverage 37-. 
Frequency deviation, 4-15 
Frequency distortion, 38-52 
Frequency dividers, 8-11; 

45-1, 5 
Frequency division systems. 

18-10; 17-7, 21: 
45-4 

Frequency limitations of 
valves, 28-19 

Frequency-measuring instru-
ment, 38-41 

Frequency modulation, 1-75, 
76; 2-9; 8-29 et seq.; 
8 paesim; 14-54 et 
362.; 10-6; 17 passim 

Frequency modulation broad-
casting receivers, see 
V.H.F. broadcasting 
receivers. 

Frequency modulation detec-
tors, 3-22, 14-65 

Frequency modulation devia-
tion meter, 88-39 

Frequency - modulated/ ampli-
tude-modulated signal 
generator. 88-25 

Frequency-modulated oscil-
lators, 38-47; 4o--10 

Frequency-modulated sys-
tems, measuring tech-
niques for, 17-22 

Frequency-measuring instru-
ments, 38-41 

Frequency monitoring, 41-14 
Frequency multipliers, 8-13, 

37; 8-6, 7; 9-6; 
44-12 

Frequency respontie, 37-2 et 
seq. . 

loudspeaker, 32-15 
magnetic recording, 84-11 
tests, transmitters, 41-12 

Frequenc3 hift keying, 
lb 

Freque.-- olerance, 1-28 
Frequency tolerances: 
power equipment, 5-13 
transmitters, 44-26 

Frequency translators, 7-24 
Frequency variation of power 

supplies, 5-12 
Frequency-wavelength con-

version, 1-29 
Friction drive, 35-2 
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Friction loaded enclosure, 
82-21 

Fringe-area equipment, 21-26 
Front-projection television, 

43-
Full-band noise factor, 42,-3 
Fundamental coding theory, 

2-4 
Fundamental units, 46-6 
Furnace control, 45-21 
Foam, 14-25 

colour code, 14-26 
printed foil, 3-49 

Fusible-foil de-printing, 8-45 

0 

Gabor tube, 24-14 
Gain, 

aerials, 1-84 
power, 1-23 
voltage, amplifier, 1-47,53, 

62 
Gain-band-width product, 

15-24 
Gain control, 15-27 
Gain in aerial arrays, 11-28 
Gain reference frequency, 

15-24 
Gains and losses: 

calculations, 1-23 
impedance changes, 1-25 
power levels, 1-23 

Galactic noise, 20-20 
Gallium, 26-24 
Galvanometers, 28-4 
Gamma correction, 4-43 

colour television, 2-31 
Ganging oscillator, 38-47 
Gap filling, n-43 • 
Gas-discharge triodes, 23-15 
Gas-filled rectifiers, 25-6 

ionizing potentials of, 25-7 
smoothing circuits for, 25-12 

Gated-bezm valve, 14-65 
Gauss, 40-8 

19-29 
Gee navigational system, 

18-14 et seq.; 19-16 
Gee track guide, 19-32 
General Electric Co. Ltd.: 

Colour television receiver, 
47-3 " 

Picture tube for " setting 
up ", 47-13 

Generating plant, 5-17 et seq. 
automatic, 5-22 et seq. 

Generate:in, synchronizing 
pulse, 45-2 

Czneratars, Is-99 
Generators, engine: 

cyclic irregularity of, 6-21 
precautions with, 5-17 
stabilization of, 5-18 
voltage regulators for, 5-19, 

20 
Germanium crystal diodes, 

27 passim 
typical applications of, 

27-11 

Germanium rectifiers, junc-
tion, 26-32 

Gettering, 23-4 
" Ghost " images, 21-27 
Gilbert, 46-8 
Glide path, 18-10 ; 12-31 
Glow-gap dividers, 5-42 
Go-and-return currents, 11-2 
" Good " receivers, 42-7 
Grade I oomp,sition resistors, 

28-4 et seq. 
Grade II composition resis-
. tors, 28-3 

Grain-boundary transistor, 
26-21 

GRAMOPHONE MEÇHANISMS, 
Sec. 85 

Gramophone motors: 
induction, 35-4 
series wound, 35-6 
transcription, 88-7 
universal, 35-6 

Gramophone pick-ups, 31-20; 
34-28 

Great-circle bearings, 11-44 
Great-circle distances, U-45 
Great-circle routes, 11-44 
Greek alphabet, 46-14 
Grid bias, 1-45 
power supplies, 5-40 
rectidere,.4-41 
transmitters, 6-16 

Gricl-dip oscillators; 38-44; 
41-9 

Grid-modulation, 10-13 
Grid, valve, 23-6 
Ground-controlled approach, 

19-29 
Ground-path conductivity, 

11-14 
Ground-plane aerials, 2a-13 
Ground-reflection factor, n-25 
Grou rid-to-air transmission, 

7-36 
Grou.nl-wave field-strength, 

U-10 
Grsunded-cathode operation, 

10-14 
Grounded-grid operat ion, 

7-25, 8-10; 10-16; 
14-58; 23-22 

Group and phase velocities, 
13-14 

Group delay, 17-26 
Grown-junction transistors, 

26-14 

H 

H aerials, 21-21 
H-type waves, 13 passim 
Half-wave dipole, 1-84; 

U -3,37: 21-11 
Half-wave dipole calculations, 

21-11 
Half-wave rectification, 25 

passim 
E.H.T., 25-24 

Handling cathode-ray tubes, 
24-1,2 • 

" Hard" cathode-ray tubes 
24-4 

Hard-driven Class 0 driver, 
1012 

Harmonic distortion, 37-6, 
10; 41-12 

Harmonics, oscillator, 22-4 
Hartley oscillator, 14-10; 

18-47; 38-21 
Heads: 

disc-recording, 34-27 
double-purpose, 34-7 
magnetic recorder, 84-6 

Heat dissipation: 
metal rectifiers, 25-18 
valve electrodes, 23-3 

Heat-operated fuses, 14-25 
Heat shnnt, 80-39 
Heaters: 

operating conditions of, 
23-15 

series operation of, 23-19 
Ileaterlesa valves, 23-14 
Hectometric waves, 46-11 
Height-gain factor, 11-8 
Heising modulation, 6-20 
Helical aerials, n-42; 20-6 
Helical conductors, 30-8 
Helical membrane cable, 12-9 
Helmholtz resonators, 4-9 
Henry, 46-8 
Heterodyne frequency meter, 

33-42 
Heterodyne interference, 

3à-11 
HIGH-FREQUENCY .00bufuNI-

CATION LINES, Sec. 16 
air, 19-5 
amateur, 9 passim 

High-attenuation cables, 
12-10 

High-current thermionic rec-
tifiers, 22-5 

High-fidelity reproduction, 
37-2 et seq. 

High-frequency inductance, 
80-5 

High-frequency losses, mag-
netic recording, 34-12 

High-impedance driving 
• stage, 10-12 

High-level modulation, 10-6 
" High peaking ", video am-

plifier, 10-46 
High-permeability cores, 3-7 
High-stability crystal oscil-

lator, 8-3; 44 passim 
High stability variable ()sell-

lators, 7-6 
High-tension batteries, 38-7 
Hill and Dale recording, 

34-23 
Horizontal deflection, 15-52 
Horizontal dipole arrays, 

3.1-29; 16-13 
Horn aerials, 241-6 
Horn loudspeakers, 32-20 
Horse-power, 46-8 
Hot-cathode mercury-vapour 
• rectifiers, 41-14 
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Hot noise sources, 42-2 
Hot-stylus recording, 34-28 
Hot-wire ammeter, 38-7 
Hour angle, U-47 
Hue, 2-32 
Hum-cancellation windings, 

14-44 
Hum level, 37-15,89-6 
Human ear, frequency char-

acteristics of, 23-42 
Humidity, protection against, 

7-19; 14-3 
Hunt, A. il. (Capacitors) Ltd.: 

bridge type ORB3,32-14 
Hybrid receivers, 14-86 
Hydrogen line, 20-3 
Hyperbolic charts, 18-13 
Hyperbolic logarithmic tables, 

1-142 
Hyperbolic navigation sys-

tems, 18-12 et seq.; 
19-15 et seq. 

Hysteresis loop, $2-6 

I core, 30-12 
Ignition interference, 33-8 
I.L.S., 10-29 
Illumination factor, 17-20 
Image converter, 43-14 • 
Image iconoscope, 45-9 
Image orthicon tube, 4-31; 

48-9 
Image rejector, 14-35; 39-29 
Image signal, 22-4,8 
Immersion lens, electrostatic, 

2-12 
Impedance: 

calculations, 1-12 et seq. 
loudspeaker, 82-15 
matching, U-34; 12-2 
transformers, 12-11 
valve, 23-7 

Impregnation, 14-21 
Impregnants, dielectric pro-

perties of, 28-7 
Impulsive interference, 15-61; 

33-10 
Independent sideband trans-

mitters, 7-22 et seq. 
Indirectly heated cathodes, 

28-3 
Indium, 28-24 
Induced e.m.f., 21-3, 19; 

30-3,4 
Induced grid noise, 23-12 
Inductance: 

calculations, 1-6 et se, ,118 
determination of, 25-48; 

38-35 
formuire, 1-6; 30-3 et seq. 
multi-layer solenoids, 30-8 

Inductance-capacitanceripple 
filters, 23-37 

Induction motors, gramo-
phone, 38-4 

Induction type wattmeter, 
38-14 

Induction voltage regulators, 
3-13 

Inductive output aerial coup-
ling, 7-11 

INDUCTORS AND TRANS-
FORMERS, Sec. 30 

Inductors, 1-6; 30-6 et seq. 
air-cored, 80-6 
iron-cored audio-frequency, 

30-12 
iron-cored radio-frequency, 

30-9 
multi-layer solenoid, a0-7 
printed, 3-48 
protection against moisture, 

30-11 
single-layer solenoid, 30-6 
solenoid inductance, 80-6 

Industrial communication 
systems, 37-30 

Industrial suppressors, 33-6 
INDUSTRIAL TELEVISION, See. 

40 
applications, 45-16 et seq. 
equipment, 45-12 
Scanning systems, 45-2 

Inertial navigation, 18-26 
Information, 2-2 
Inherently stable frequency 

modulation systems, 
8-41 

Initial ripple, 28-33 
Input capacitance, 23-9 
Input circuits, 14-76 
Input impedance, 8-7 
Instability: 

amplifiers, 37-17 
television receivers, 40-24 

INSTALLATION Ann MAIN-
TENANCE OF TRANS-
MITTERS, Sec. 41 

INSTALLATION AND SERVICING 
RADIO RECEIVERS, 
Sec. 89 

INSTALLATION AND SF.RVIC-
ING TELEVISION RE-
CEIVERS, Sec. 40 

Instrument landing system, 
18-29 

Instruments, earthing of,21-32 
Insulating materials, 3-9 et 

seg. 
Insulation resistance, capa-

citors, 14-29; so-3 
Insulation resistance, printed 

wiring, 8-47 
Insulation testers, 39-16; 

40-11 
Inter-electrode capacitances, 

8-8; 23-8,20; 42-6 
Interference by television re-

ceivers, 33-16 
INTERFERENCE, ELECTRICAL, 

Sec. 38 
automobile, 33-8 et seq. 
Band III, 38-18 
broadcast receiver, 38-3 et 

seq. 
television receiver, 33-16 
British Standards on, 33-18 

Interference suppression, $a 
passim 

capacitors for, 28-8 
vibrato's, 38-28 

Interferometers, 20-11 
Interlacing, television, 15-39 

faults in, 40-26 
Intermediate frequency: 

alignment, 38-25; 40-19 
amplification, 8-20: 14-40, 

62; 10-4, 20, 24; 
18-16, 23; 17-17; 
22-12; 28-29 et seq. 

choice of, 8-20; 14-14; 
15-20; 38-12 

Intermodulation, 22-5; 37-6, 
11 

Internal resistance, 38-8 
International units, 40-3 
Inverted " L" aerials, 21-5 
Inverted radio-frequency .am-

plifiers, 8-17 
Ion burn, 24-10,22 
Ion traps, 24-10,23 

adjusting, 40-4 
Ionizing potentials of gases, 

25-7 
Ionosphere: 

characteristics, 31-6; 44-32 
contour maps, 44-36 
disturbances, 44-40 
electron density of, 44-32 
formation and structure, 

44-31 
layers of, 44-31 
radio transmission via,44-33 

Ionospheric forecasting, 44-31 
scattering, 7-38 

Ions, 24-10 
Iron, 3-41 
Iron-cored audio-frequency 

inductors, 1-8; 14-21; 
30-12 

Iron-cored radio-frequency in-
ductors, 30-9 

Iron-cored transtormers, 
1-113; 14-21; 30-14 

Iron-dust cores, 14-19 
Isolators, ferrite, 3-8 

J operator, 1-136 
Johnson noise, 28-1g 
Joule, 48-8 
Junction diodes, 28-31; 27-10 
Junction fieldistor, 28-19 
Juhction tetrodes, 28-15 
Junction transistors, 28-7 

K band, radar, 18-24 
Keying: 
amateur transmitters, 9-13 

et seq. 
communication transmit-

ters, 7-15 et seq. 
Keying speeds, telegraph, 

1-73; 18-7 
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Kirchhoff's Laws, 1-22 
Klystron, 17-9,16; 23-27 

as noise source, 42-8 
Klystron, multi-cavity, 23-29 
Koomans beam. array, 18-12 

L band, radar, 18-2-1 
L/V discs, 37-29 
Lag filter' 9-16 
Laminate for printed circuits, 

8-45 
Land-mobile transmitters, 

7-35 el seg. 
Landing aids, aircraft, 19-29 
Large-scale radar displays, 

24-26 
Large-screen projection tele-

vision, 43 passim 
Lattice charts; 18-14 
Latvrence tube, 2-23 
Layers, Ionosphere, 44-32 
Layer-type batteries, 38-6 
Lead Inductance, 23-20; 42-6 
Leakage currents, capacitor, 

20 Passim; 39-15 
Leclanché-type dry cells, 

38-4 
Lenses: 

electrostatic, 2-12 
. magnetic, 2-17 

Lenz Law, 38-3 
L. F. Loran, 19-21 
Lifeboat transmitters, 7-33 
Lift interference, 33-6 
Light analysis filters. 2-32 
Lighthouse valves, 23-22 
Lighting for studios, 4-23 
Limiter, E.H.T., 25-26 
Limiters: 
microwave systems, 17-19 

Line matching, 32-14 
Line-output transformen, 

15--.58 • 
Line-source loudspeakers, 

37-34 
Line ringing, 40-32 • 
Line time-bases, 15-52; 43-11 
Linear amplifiers, 7-24, 25; 

10-16 el seg. 
Linearity, 15-56 

of transformer core, 30-18 
Linearity' correction, 10-54 

53 
Link resonance, 25-37 
Listening through, 7-17,9-17 
Litz wires, 3-33 
" Live-end. dead-end" 

studio' -7 
Load and (tenet power, 1-72 
Load radiatron resistance, 

11-11 
Loaded transforiners, 30-16 
Lmal oscillators, microwave, 

17-16 
'Locating wiring faults, 41-6 
Locator beacon, 19-30 
Locked-type clamp pulse 

generator, 10-59 

Logarithms: 
tables, 1-139,142 
use of, 1-128 

Long magnetic lens, 2-17 
Long-wave radio-telegraph 

'senders, 7-31 
Loop aerials, 11-42; 14-17; 

18-2; 21-6 
Loran, 18-11; 19-22 
Loran-C, 19-23 
Loss resistance, 1-81 
Loudspeaker enclosures. 

acoustic labyrinth, 32-20 
banes, 32-16 
closed cabinets, 32-17 
friction loaded, 32-21 
horn, 32-20 
reflex cabinets, 32-17 
tuned pipe, 32-19 

LOUDSPEAKERS, See. 32; 
14-23 

electrostatic, 32-22 
line source, 37-34 

Low-frequency inductance, 
30-5 

Low-level modulation, 10-6 
Low-loss polymers, 3-20 
Low-pass filters, 1-41; 25-33 
Low-power modulation, 8-18 
Luminance, 2-25,26 
Luminous efficiency, 24-20 

X 

M-carcinotrons, 23-33 . 
Magnetic characteristics of 

alloys, 30-13 
Magnetic compasses, effect 

on, 19-4 
Magnetic deflection ot elec-

tron beams, 2-19 
Magnetic ferrites, 3-3 
Magnetic field distribution, 

13-6,8 
Magnetic field, non-uniform-

ity of, 32-6 
Magnetic lens, 

long, 2-17 
short, 2-18 

Magnetic materials, 3-2 et 
seq. 

flux densities of, 32--i 
Magnetic powder cores, 3-7 
MAGNE176 RECORDING, Sec. 34 

biasowith 34-9 
distortion in, 34-17 
equalization of, 34-15 
high-frequency bias in, 

84-10 
over biasing, 34-10 
print-through with, 34-18 
standards of, 34-19 

Magnetic screening, 30-19 
Magnetic sound-delay mech-

anism, 37-32 
Magnetic-tape recordings, 

high-frequency con-
siderations with, 37-4 

Magnetron radio-frequency 
generators, 18-17 

Magnetrons, 2Z-24 et seg. 
Magnets: 

centre pole, 32-3 
claw, 32-4 
data on, 3-4,5 
for loudspeakers, 32-3 
permanent, 3-2 
ling, 82-5 
slug, 32-5 

Mains aerial, 14-17 
Mains hum, 22-4 
Mains-radiated interference 

33-2 
Maintenance: 
gramophone mechanisms, 

35-14 
transmitters, 41-12 et seg. 
valves, 41-13 

Mallory type dry cells and 
batteries: 

chemical theory of, 38-16 
choice of, 38-19 
construction of, 38-16 
discharge rate of, 38-17 
performance of, 38-17 
physical theory of, 38-16 

Marconi Instruments Ltd.: 
Carrier deviation meter, 47-

13 
Marconi' s Wireless Telegraph 

Co. Ltd.: 
Aerial, tropospheric scatter, 

47-7 
Colour television, 47-2 
V.H.F. scatter amplifies, 

47-6 
Marconi-Stine, 34-2 
Marine communication: 

radio-telephone, 7-3? 
transmitters, 7-31 

Marine radar, 18-19 
Marine radar aerials, 18-10 
Marker beacons, 19-31 
Mars probe, 20-25 
Masking for printed circuits, 

3-44 
Mascolite, 5-17 
Maser, 20-9,23-35 
Master oscillators for trans-

mitters, 1-67 
Master drawings for minted 

circuits, 3-44 
Masts, 7-35; 17-20 
Matching aerials to feeders, 

21-24 
Matching: 

line, 32-14 
output stage, 32-14 

Matching loudspeakers, 32-14 
Matching transformer sys-

tems, 21-8 
MATERULS, See. 3; 
Mathematical symbols, 48-12, 

13 
Mathematical theory of com-

munication, 2-2 
Matrix ing, 2-27 
Mayar, - 3 4 
Maximum usable frequency, 

11-7; 44-34 et seq. 
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Maxvvell's colour triangle, 
2-8 

Meacham bridge crystal os-
cillator, 44-14 

Mean power theorem, 2-7 
MEASURING INSTRUMENTS 

AND TEST EQUIP-
MENTS,.Sec. 38 

Mechanical filter, 47-9 
Mechanical twining adjust-

ments, 43-16 
Mechanical properties of elec-

trical materials, 3-40 
Mechanical units, 48-6 
Medium-frequency transmit-

ting aerials, 11-8 et 
seq. 

Medium-wave radio-telegraph 
senders, 7-32 

Megohmmeter, 88-15 
Melamine, 3-17 
Membrane absorbers, 4-9 
Mercury' arc rectifiers, 25-50 
Mercury vapour rectifiers, 

23-17; 25 passim 
Meridian mountings, 20-7 
Mesa transistors, 28-10 
Metal rectifiers, 14-24; 25-17 

et seq. 
' A.O./D.O. radio receivers, 

for, 25-21 
conduction cooled, 25-27 
cooling, 25-18 
• E.H.T. types, 25-22 
principles of, 25-18 et see 
Westectors. 25-28 

Metallized polystyrene capaci-
tors, 28-23,24 

Metals, resistivities of, 1-3 
Meteor burst communication, 

7-36 
Meter: 

conversion, 38-9 
multiplying, 38-11 
noise factor, 42-12 
resistances, 1-28; 38-4 
shunting, 38-9 

Methyl methacrylate, $-17 
Metric system, 46-2 
Metric waves, 46-11 
M.P. transmission lines, 11-19 
Mica capacitors, 20-10 et 

seq. 
Microgroove records, 84-21 
MICROPHONES, Sec. 31 

carbon, 31-10 
choice of, 31-6 
condenser, 31-7 
crystal, 31-18 
diffractional reflection, 31-3 
electrical output of, 31-6 
environment of, 31-6 
frequency response of, 31-6; 

37-3 
general observations on 

31-3 
humidity in, 81-7 
mechanical shock with, 

4-7 
moving-con, 31-13 

MICROPHONES (contd.)— 
non-linearity of, 81-6 
piezo-electric, 31-18 
phase distortion, 31-6 
polar response, 81-6 
power, 81-12 
self-noise of, 31-6 
sensitivity of, 31-6 
size of, 81-7 
sound-pressure levt of, 

81-6 
special types of, 31-2ti 
temperature in, 31-7 
velocity'operated, 31-4 
V.H.F. types, 8-14 

Microphony, 23-18 
Microscopy, 45-16 
Micro-wave system design, 

17-16 et seq. 
Midget super emitron camera 

tube, 4. - 39 
Miller-Pierce oscillator, 44-i 

et seq. 
Milliammeters, 38-2; 30-4; 

40-1 
Millimetric waves, 46-11 
Mills cross, 20-14 
Misalignment of radio re-

ceivers, 88-22 
Mismatched systems, reflec-

tion of energy in, 
12-2 

Mismatching, effects of, 12-10 
Mixers: 

micro-wave systems, for, 
17-17 

pentode, 15-11 
radio receiver, 14-38 
• self-oscillating, 15-13 
television receivers, for, 

15-11 et seq. 
triode, 15-13 ' 
V.H.F., 8-19 

Mixing in sound studios, 4-14 
M.K.S. system, 46-3 
-Mobile television programme 

control room, 4-35 
Mobile transmitters, 7-35; 

41-20 et seq. 
Modulated amplifiers, 1-40; 

10-11 
Modulated test oscillators, 

38-21 
Modulation: 

absorption, 10-11 
amateur radio, 8-13' 
amplitude-phase, 10-10 
anode, 10-9 
cathode, 10-9 
cathode-ray tubes, 24-9 
communications transmit-

ter, of, 7-14 
formulre and calculations 

for, 1-70,74 
frequency, transmitters, 

6-31 el seq. 
grid, 10-11 
meter, 38-38 
noise, recorder, $4.18 
systems of, 6-1 r 

Modulation (eotUd.)— 
television transmitters, in, 

10-6 
transformers, 1-71 
V.H.F., 8,2 

.Modulators: 
automatic gain cont rol, 8-12 
balttnoed, 7-23 
micro-wave systems, for, 

17-16 
transistor, 7-15 

Moisture, protection against, 
14-21; 30-11 

Monaural tape records, 34-19 
Monitoring: 

frequency, 41-14 
programmes, 4-17 
single-sideband transmit-

ters, 7-27 
telegraph receivers, 16-20 

Moon bounce communication, 
7-36 

Moon probe, 20-25 
Morse code, transmission of, 

1-73; 16-7 
Mother record, 34-22 
Mounting of valves, 28-16 
Moving-coil disc-recording 

heads, 84-28 
Moving-coil instruments, 88-5 
Moving-coil microphones, 

31-13 
Moving-coil pick-ups, 81-24; 

34-28 
Moving-iron disc-recording 

heads, 34-28 
Moving-iron instruments, 

38-5 
Moving-iron pick-ups, 81-25; 

34-28 
MSF 44-28 
Mullard Led.: 
scan magnification, 47-13 

. Multi-band television re-
ceivers, 15-17 

Multi-cavity klystrons, 23-29 
Multi-channel communication 

systems, V.H.F., 8-28 
Multi-channel F.D.M. trans-

mission, 17-23 
Multi-channel S.S.B., I.S.B., 

7-28 
Multi-channel telephony, 

16-11, 17-6 
Multi-element arrays, 21-21 
Multi-layer solenoid, 30-7 
Multiple tuning circuits, 0-10 
Multiplex system, 16-10; 17-6 
Multiplexing, 17-3 
Multipliers: 

frequency, 6-13; 8-6 
waveforms of, 8-7 

Multi-receiver installations, 
21-26 

Multi-resonant magnetron, 
23-25 

Multi-vibrators, 15-48 
using transistors, 26-36 

Multi-wire transmission lines, 
11-19 
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Muscovite, 29-1u 
Muting, 8-24 
Mutual conductance, 1-45; 

23-8 
Mutual element resonance, 

11-26 
Mutual inductance, 39-2 
coupled circuit, of, 1-36 

Mutual resistance, aerials, 
11-26 

Mycalex, 8-13 
Myriametric waves, 48-11 

N 
Nagaoka's formula., 1-7 
Narrow-band frequency mo 

dulation, 8-15 
Natural sine tables, 1-143 

et seq. 
Natural tangent tables, 1-145 

el seg. 
Navarho, 19-24 
Navigation, radar, 18-51 
Navigational aids, aircraft, 

19-6 
Navigational systems, inde-

pendent of ground 
facilities, 19-26 

Negative feedback, 1-55; 
8-24; 7-26; 10-26; 
14-8,47; 28-33: 37-16 

*Negative grid current, 23-18 
Neon coupling networks, 

10-48 
Neon signs, interference from, 

33-6 
Networks, 1-39,40 
Neutralization, 6-15; 41-9 
Newton, 48-5 
Nickel-iron batteries, 36-20 
Noise, calculations, 1-57; 12 

paarim 
Noise, 22-3 

air-cooling systems, in 5-31 
composition resistors, from, 

28-8 
diode, 42-4 
power at input of recei ver, 

17-27 
radioastronomy 20-20 
reference frequency, 15-6 

Noise-reducing aerial systems, 
21-7 

NOISE FACTOR, Sec. 42; 
1-56; 15-34' 22-4 

Noise generator, 42 passim 
Noise-level tests in trans-

mitters, 41-11 
Noiselimiters,15-62; 33-7 
Noise meter, O.C.I.F., 25-12 
Noise meters, 42-12 
Noise, sources of: 

argon-filled tube, 42-7 
crystals, 42-8 
diodes, 42-1 
fluorescent tubes, 42-6 
hot, 42-2 
klystrons, 42-8 
mixers, 42-10 

ND TELEVISION REFERENCE BOOK 

ure of valves, 48-
x.fn-demodulating repeate 

8-30 
Non-isolated receiver chars 

14-32 
Non-linear elements, 3-25, 
Non-linear integrators, 15- 
Notch filter, 2-29 
N.T.S.C. colour televisio 

2-27; 10-63 

11 Output stage matching, 32- 
r, Output stages, transist 

14-80,86 
is, Output transformer, 1-53 

Outside broadcasting, 4-2 
26 37 
40 Ovens, crystal, 7-7 

Overtone crystal *millet° 
n, 8-6; 44-16 

Owen bridge, 25-49 
Oxide film on electro.ytic 

0 28-18 
Objective performance test 

82-15 
0-carcinotron, 23-31 

- Oersted, 46-8 
Ohm, definition of inter 

national, 48-1 
Ohmmeters, 88-11,12 
Omega. 19-24 
Omnidirectional V.H.F. range 

19-9 
On-off keying, 16-5 
Open-circuit wiring tests, 41-6 
Open-wire transmission line, 

11 passim; 13-5,6 
Optimal feedback, 10-30,33 
Optimum working frequency, 

11-7; 44-35 
Orthicon, 45-9 
Orthogonal scanning, 2 - 2 1 , 

22 
Oscillating shuttle, 30-8 
Oscillators: 
amateur radio, for, 9-4 
booster circuit for fre-

quency changer, 14-38 
crystal, 7-5 
drift correction, 14-21, 62 ; 

15-14; 29-12 
drift measurements, 15-35 
formulm and calculations 

for, 1-65 
frequency multiplier, 

V.11.3'., 8-21 
frequency-temperature 

characteristic of, 22-11 
grid dip, 38-14 ; 41-9 
harmonics, 22-4 
quartz, See. 44; 7-6 
radiation, 14-60 
Stability of, 15-14 
stages for communications 

transmitters. 7-3 
television receivers, 15-10 
transistor, 
transistors, for, 28-33 
time-base, 15-47 
tracking, calculation of, 

22-8 et seq. 
variable frequency, 7-6 ; 

9-4 
Oscilloscopes, 38-45 el seg.; P 

39-19; 49-9 
Out:of-phase vertical effect, 

18-6 
Output coupling systems, P 

10-16 1 Output meter. 38-21 1' 

s, 

P band, radar, 18-24 
Paints for insulation, 3-11 

- Paper capacitors, 14-28 
Paper dielectric capacitors, 

29-5 
tropical requirements of, 

29-9 
Parabolic reflector aerial, 

17-20; 18-33 
Parallel connections, 29-1 
Parallel-line tuning elements, 

8-9 
Parallel mode crystal oscil-

lator, 44-18 
Parallel-plate capacitors, 

1-10; Z)-3 
Parallel resonance circuit, 

1-34 
Parallel-T filter, 37-22 
l'arametric amplifiers, 20-9, 

Passive23-ne3t-ai-ork tone control, 
37-20 

Path loss, 17-13 
Path profile, 17-14 
Pattern generators, 40-8 et seq. 
Peak clipping, 8-13 
Peak envelope power, 7-21, 

27 
Peak levels reproduced oft 

discs, 84-35 
Peak power of a grid-modu-

lated stage, 10-13 
Peak power output, radar, 

18-25 
Pentode charged time-base, 

38-49 
Pentodes, 23-11 
Percival system, stereophonic 

broadcasting. 47-14 
Perforated slip 18-8 
Performance tests: 

loudspeaker, 32-15 
Potentiometers, 
radio receivers, 39-16 

Permanent magnets, 3-4 
Permittivity, 29-2 

of insulating materials, 3-12 
hase altimeters, 19-34 
hase constant of radio-

frequency cables, 12-6 
hase-control feedback, 2-30 
hase modulation, 8-32; 8-17 
'hase reversa l, 14-15 
hase-splitters, 14-14; N7-18 

14 
or, 

rs, 

s, 
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Phase-switching receiver 

20-13 
Phase velocities, 13-14 
Phosphor bronze, 3-41 
Phosphors for cathode-ray 

tubes, 2-22; 24-19 
Photoconductive camera 

tubes, 4-41; 45-9 ei mg. 
Photo-etching, printed cir-

cuits, 3-44,45 
Photepic curve, 2-26 
Physical properties of electric 

materials, 3-40 
Physical theory: 
dry cells, of, 36-7 
Mallory cells, 36-16 

Pi aerial coupli nir circuits, 7-11 
Pi attenuators, 21-25 
Pi-filter radio-frequency input 

network, 15-9 
Pi networks, 1-39 
Pi section filter, 1-41 
Pick-up arm resonance, 35-16 
Pick-up, connections to, 14-M 
Pick-ups: 

constant velocity, 31723 
crystal, 31-20 
gramophone, 31-20 
moving armature, 31-25 
moving coil, 31-24 
moving magnet, 31-36 
stereo, 31-22,27 
variable reluctance, 31-36 

Picture-tube salvage, 40-35 
Pierce crystal oscillator, 44-8 
Piezo-electric microphones, 

31-18 et seq. 
Piezo-electric properties of 

quartz crystals, 44-3 
Pilot-carrier level, 7-28 
Pin cushion distortion, 24-17 
Pinch effect, 34-32 
Pi-uni test, 41-14 
Pitch loudness, 37-7 
Planar electrode 23-23 
Plane waves, 13-11, 15 
Plastic-film capacitors, 29-21 

et seq. 
Plastic picture, 40-34 
Plastics, 3-14 et seq. 
Plato aerials, 14-16 
Playback equalizer, 34-36 
Playback, record, 34-23 
l'oint contact transistors, 

26-4 et seq. 
Point-to-point communica-

tions, 16-6; 17-2 
Polar diagrams, 21-13 
Polar response, loudspeaker, 

32-15 
Polarization, 11-4 

in batteries, 38-2 
Polyphase A.C. rectifier rec-

tors, 1-101 
Polystyrene, 3-17, 21 
Polystyrene capacitors, 29-22, 

23 
Polythene, 8-17,21 
Polyvinyl acetate, 3-17 
Polyvinyl chloride, 3-17 

, Porcelain insulator wiring 
systems, 41-4 t • 

Portable radio receivers, 14-4, 
41; 39-30 

Positive impedance connec-
tions, 1-117 

Poet deflection acceleration, 
24-26 

Potentiometers, 3-49; 28-10 
et seq. 

Power, 
aerial, 1-72 
amplifier, 1-68 
gains and losses, 1-24,77 

Power amplification, 1-53 
Power amplifiers, 1-68; 5-36; 

7-10; 9-7 
Power-yable rating, 1-114 
Power distribution in trans-

mitters, 5-5 
Power factor, 29-3 
measurement of, 1-96 
of insulating materials, 

1-11; 3-12 
of plastics, 3-17 
of transmitters, 5-4 

Power-factor correction, 1-97 
c.apaciters for, 1-98 

Power gain over an isotropic 
source, U-22 

Power-handling capacity of 
loudspeakers, 32-15 

Power loss: 
in cables, 1-114 
transmitters, 5-26 
in valves, 1-77 

Powers meters, A.F., 38-30 
Power meters, R.F., 38-31 
POWER PLANT, TitAwswirrEs, 

Sec. 5 
Power ratio, 1-129 
Power rectifiers: 

faults in, 41-16,17 
germanium, 25-31 
ail' 

rower requirements for sound 
distribution systems, 
37-30 

Power requirements of trans-
mitters, 1-100 

Power supplies: 
aeronautical equipment, 

for, 19-3 
anode, 5-37 
broadcasting receivers, for, 

14-46 et seg. 
formule and calculations 

for, 1-96 
genm'ators, from, 5-17 
grid-bfas, 5-40 
marine equipment, 7-31 
micro-wave systems, for, 

17-21 
television transmitters, for, 

10-60 
transistors, for, 26-28 
transmitters, Sec. 5 
V.11 F. systems, for, 8-26 

Power transformation, 5-7 et 
seq. 

Power transformers, 30-18 
Power transistors, 14-86, 

28-11 
P.P.I. displays, 19-26 
Practical and C.G.S. units, 

relations between, 40-7 
Pre-amplifiers, 37-19 

controls, 37-20 
equalization, 37-19 

Precious metals, 3-36 
Pre-corrected phase modula-

tion, 6-36 
Pre-correcting networks, 6-37 
Predistortion in television 

transmitters, 10-54 
Pre-emphasis networks, 6-37 
Preferred values, 28-3 
Prefixes, 46-8 
Pre-selection in radio re-

ceivers, 14-14 
Pre-set controls, television 

receiver, 40-3 
Pre-set tuning, 15-15 
Prpssure of everyday sounds, 

31-5 
Pressure of recording tape on 

recording heads, 34-5 
Pressure-operated micro-

phones, 31-3 
Pressure units, loudspeaker, 

32-11 
Primary battery cells, 36-2 et 

Primary transmitter power 
supply, 5-2 

Printed circuits and com-
ponents, 3-43 et seq. 

Printed wiring panels: 
component replacement, 

39-37 
precautions, 89-36 
servicing, 39-36 

Print-through, 34-18 
Probe unit 38-18 
Processing records, 34-22 
Products and quotients, 

1-126 
Programme chain, 4-15 
Programme meter, 4-17 
Pt ow amme monitoring, 4-17 
Programme volume, 4-11 
Programmes, recorded, high-

fidelity considerations, 
87-3 

PROJECTION TurvisION, Sec. 
43 

cathode-ray tubes for, 48-5 
circuitry for, 43-9 
focusing, 43-16 
Schmidt optical system, 

43-4 
systems of, 43-2 

Propaga ion: 
constant in radio-frequency 

cables, 12-6 
ground wave by 10-4 
losses, V.H.F., between 

dipoles, 17-15 
sky wave, by, 11-5 
V.II.P., at, 
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Protective circuits for projec- RADAR (conid.)--. Rirno NAVIGATION, See. 18; 
Mon television, 43-12 mobile, 41-24 19 passim 

Psophometer, 25-42 
Psophometric weighting, 

17-28; 25-42 
P.T.P.B., 3-21 
Puckle time-base, 38-10 
" Pulling ", 40-33 
Pulse code modulation, 2-4; 

17-3 
Pulse control in radar trans- transmitters, 16-41 

mitters, 18-47 units and constants, 18-24 
Pulse duration, 18-24 waveguides for, 18-35 
Pulse-modulated navigational R;idar Sonde, 18-54 et seg. 

systems, 18-12; 19-15 Radial displays, 38-53 
Pulse operation of metal Radial line displays, 38-54 

rectifiers, 25-30 Radiation diagrams, calcula-
Pulse-repetition frequency, Mon of, 11-24 

radar, 18-24 Radiation of electromagnetic 
-Pulse-repetition rate, radar, waves, 11-2; 13-2 
. 18-24 Radiation resistance, 1-81; 
Pulse width, radar, 18-24 11-3,23,26 
Push-pull radio-frequency Radio altimeter, 19-33 

amplifiers, 8-17 RADIO ASTRONOMY, Sec. 20 Radio systems, V.R.P., 8-'2 
Push-pull radio-frequency principles of, 20-3 et seg. 

generator, 18-46 Radio compass, 19-25 Radio-telegraph senders, 7-31 
Push-pull stages, 14-44 Radio-frequency absorption el seg. 
Pye Telecommunications Ltd.: wattmeter, 38-31 Radio-telephone communica-
Microwave link, 47-5 It adio4requency alignment: tion, 18-4 

communications receivers, Radio-telephone terminal 
39-10 (R.T.T.), 16-5 

radio receivers, 39-26 Radio-telephony marine 
television receivers, 40-13 transmitters, 7-31 

Radio-frequency amplifiers Radio Web, navigational sys-
for: tern, 19-25 

commercial receivers, 18-15 Radlogoniometer, 18-7 
communications receivers, Radiogramophenes, 1.4-51 

22-16 Random-phased re-radiation, 
micro-wave systems, 17-17 18-7 
radio receivers, 8-25; 14- Range-mark generators,18-22 

33. 57 Rare and precious metals, ,v,-aivees 
5 4 3-36 . .  

Q. 30-10,14 
of an inductor, 33-32 

Q band, radar, 18-24 
Q.:factor, 1-32 
Q-meters, 33-32 
Quadrature, 18-7 
Quadrature modulation, 2-29 
Quality of sound reproduction 

from receivers, 14-6 
Quarter-wave line mtitching, 

navigation, 18-31 Radio-range  systems, 19-6 
principles of, 18-20 Ram RECEIVER INSTALLA-
puises, development of, TION AND SERVICING, 

18-43 See. 39 
receivers, 18-47 et seg. Radio receiver: 
secondary surveillance, alignment, 89-14,21 et seg. 

18-53 alignment equipment, 39-22 
ship's motion, 18-52 drive cords, 39-20 

earths for, 38-3 
faults in, 38-4 et seg. 
intermediate-frequency 

wave-trap, 39-26 
measurements in, 39-12 
performance tests, 39-16 a 

portasett, aligning, 39-30 
resonance, alternative 

methods of indicating, 
33-32 

servicing procedures, 

j-90 transistors. 28-29 , Rating metal rectifiers, 25-18 
Quarter-wave transformer, li tD1O-EREQUENCY CABLES, Rating printed wiring, 3-46 

12-11 Sec. 12 passim Rating S.S.B. transmitters. 
Quartz crystal oscillators, characteristics of, 124 ,st 7-27 

1-66; 7-6 ; 44-8 et seg. Seq. Rating valves, 23-17 
QUÁRTz CRYSTALS, Sec.- 44 faults in, 41-6 Ratio detectors, 14-65 

Radio-frequency cathode fol- R.C.A. multiplex system. 
R lower drive, 10-12 18-10 

. Radio-f requeney coils, 14-19 R.C.A. seven-unit code, 16-6 
RIO navigation system, 19-14 Radio-frequency filters, 1-39 Reactance, 1-12; 29-3 
Racal Engineering Ltd.: Radio-frequency resistance, Reactance-compensated R-C 

ariple Conversion tuning measurementof,1-121; amplifiers, 10-22 
system, 47-11 38-35 Reactance-controlled oscilla-

RADAR, Sec. 18; 19 passim Radio-frequency instability ' tor, 8-40; 8-14 
aerial control for, 18-38 in television receivers, Reactance valve circuits, 
aerials for, 18-32 40-24 V.H.F., 8-16 
altimeter, 19-33 
applications of, 18-19 
basic requirements 

18-18 
beacons, 12-52 
beam splitting, 18-30 
beam widths, 18-29 
cathode-ray tubes 

18-27; 24-25 
displays 18-25 
duplexing for, 18-36 
feeder systems for, 18-31 Radiometers, 20-10,18 radar, 18-17 

RADIO-ÉREQUENCY TRANS- Reactivation, cathode-ray 
nissfœ; LINES, Sec. tubes, 40-36 

for, 12;* 11 Paetien Reactors: 
calculations for, 1-88 et seg. faults in, 41-16,17 

Radio-frequency transmitter formulas and calculations, 
connections to modo- 1-108 
later, 10-18 Received carrier power, 17-12 

for, Radio, high-fidelity considera- RECEIVERS: 
time with, 37-4 broadcast, Sec. 14 

Radio Mesh, navigational sys- ealculatiOns, 1-60 
tem 19-25 communications, 22-16 
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RECEIVERS (earad.)— 
radio astronomy, 20 8,13 
television, Sec. 15 
transistor portable, 14-75 
V. H . F. , 5-16 

Receiver attenuation (r.a.) 
system, 10-2 

Receiver frequency range, 
1-63; 14-6; 37-4 

Receiver gain, 1-62 
Receiver " goodness " of, 

42-7 
Receiver performances, de-

finitions of, 1-60 
Receiver sensitivity, 22-3 et 

seq. 
measurement of, 42-2, 11 

Receivers, earthing, 21-30 
Receivers, formulœ and cal-

culations for, 1-60 
RECEIVING AERIALS, Sec. 21; 

1-85 
Receiving stations, siting, 

11-55 
Record changers, 85-9 et seq. 
Record dimereions, 34-21 
Record playback, 34-23 
Record playback amplifier, 

39-48 
Record players, 35 passim 
Record processing, 34-22 
Record spindles, 35-9 
Record stylus pressure, 35-16 
Record turntables, 35-17 
Recorder,' basic principles of, 

84-3 
Recorder coil windings, 34-7 
RECORDING, Sec. 34 

amplifiers, equalization of, 
84-16 

characteristics and levels, 
34-25 

characteristics, compensa-
tion for, 14-53 

disc, 34-21 
erasing, magnetic, 34-8 
heads, 34-27 
heads, gap dimensions of, 

34-7 
high-frequency losses in, 

34-12 
machine, 34-23 
modulation noise, 34-18 
stylus, 34-25 
tape, 34-3 
tape pressure on heads, 

34-5 
tape transport, 34-4 
wire, 34-3 

Recording level indicator, 
39-48 

Rectangular displays, 38-16 
Rectifier circuit design, 25-11 
Rectifier, crystal, mixers, 

27-8 
Rectifier instruments,- 38-7 
Rectifiers, 1-101; 14-2 t ; 25 

passim 
circuitry for, 25-8 et seq. 
germanium, 25-31 • 

Rectifiers (contd.)— 
hot-cathode mercury va-

u, a,,41,-25_14 50 

metal, 25-17 et seq; 
as valve replacements, 
25-22 

operating conditions of, 
23-16 

silicon, 25-31 
steel-tank, 25-50 
thermionic, 25-2 et seq. 

Recurrent attenuator net-
works, 1-40 

Redi Inn Ltd.: 
transistorized S.S.B. genera-

tor, 47-12 
Redundancy, 2-5 
Reference signal, 2-30 
Reflectors, 11-29; 21-19 
Reflex klystron, 17-16; 23-28 
Re-forming electrolytic capa-

citors, 29-20; 39-s - 
Regions, frequency alloca-

tion, 44-20 et seq. 
nf anode power, 

5-39 
Re-gunni ng, cathode-ray 

tubes. 40-36 
Rehearsal talk-back, 4-18 
Rejectors, 11-21 
Relays, faults in, 41-18,19 
Reliability of broadcast re-

Repeatceerisvtearsti,onnss, 14-, 8-30; 17-2, 2 

9 • 
Replay heads: 

bass response of, 34-15 

Reeporoupdluing, 34-13cingstylus, 34-29 
REPRODUCTION OF SOUND, 

HIGH FIDELITY, Sec. 
37 

Repulsion-type moving-iron 
meter, 38-6 

Reservoir capacitor, 25-8 
Residual inductance, 29-8 
Resistance, 

A.C., 1-118 
aerial, 1-81 
meters, effect of, in, 39-1 
temperature coetticieut of, 

1-2 
voltage coefficient of, 28-9 

,Resistance bridge, 39-14 
Resistance-capacitance coup-

ling, 1-50 
Resistance-capacitanee 

tees, 25-56 
Resistance-capacitance inte-

Resistagnrenet°ro8f 5-41ac 0onductor, 
1-2 

Resistan* 3 coupling, 1-50 
Resistance-inductance filters, 

25-35 
Resistance laws for potentio-

meters, 28-12,13 
Resistivity. 1-3 

of insulating materials, 3-12 

RESISTORS, Sec. 28; 1-2 et 
seq.; 14-24 et sea. 

colour code, 28-3 
composition, 28 -4 et seq. 
faults in, 39-4; 41-16 
potentiometer, 28-10 et 

seq. 
printed, 3-48 
transmitters, for, 7-20 
wire-wound, 28-9 et seq. 

Resonance, 1-32 
Resonance of pick-up arms, 

35-16 
Resonance curves of coupled 

circuits, 22-13 . 
Resonant-cavity Magnetron, 

23-25 
Resonant circuits, 1-32,118 
Resonant frequencies of 

quartz crystals, 44-5 
Response curves: 

broadcast receivers, 14-15 
commercial receivers, 

16-17,23 
communications receivers, 

22-21 
television receiver, 15-22 

Restriction of magnetic Set 
30-10 

Re,-erberation, artificial, 4-1 
Il erberation in studios, 4-I 
It ecstatic voltage regulators, 

5-19 
Rhombic aerials, 11-30; 

16-13 
Ribbon microphones, 31-IS 

et seq. 
Ring head data, 34-7 
Ring modulator, 6-11 
Ring-type magnets, 32-5 
Ringing, 15-23; 40-32 
Ringing choke, transistor 

D.C. converter, 36-32, 
Ripple filters, 25-32 et seq. 
Ripple frequencies, 1-101; 

26-32 
Ripple-reduction factor, 1-103 
Ripple-reduction ratio, 25-31 
Stipple values, permissible, 

25-45 
Rotary converters, 38-29 
Rotary machines, faults in, 

41-17,18 
Rotary transformers, 36-29 
Round-cell batteries, 38-5 
Route noise, 22-3 
" Roving eye" unit, 4-36; 

41-20 
Rumble filter, 37-22 

S band, radar, 18-24 
S.F. path loss, 17-13 
Sabine formula, 4-8 
Saddle-shaped coils, 24-18 
Saddles and cleats, 41-4 
Safety- considerations, broad-

casting receivers, 14-1 
Sannling theorem, 2-5 
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" Sarah", 18-54 
Saturation; 2-26 
Saw-tooth waveform, 88-47 
Sean magnification, 47-13 
Scanning, flying-spot, 48-6 
Scanning systems, 45-2 
Scanning units, self-oscillat-

ing, 15-55 
Scatter amplifier, 47-6 
Scatter communication, 7-37 
Schmidt optical systems. 43--4 
Screen decay characteristics, 

48-8 
Screen phosphors, 84-19 
Screen twin cables, 12-8 
Screened feeders, 21-8 
Screening, 23-4 
Screens: 

for cathode-ray tubes, 24-22 
for radar tubes, 84-25 

Screwed steel conduit wiring, 
41-4 

Search coil, loudspeaker, 
82-5 

Secondary batteries, 813-19 
et seq. 

Secondary emission. 23-10 
Secondary surveillance radar, 

18-53 
Selcall, 19-6 
Selectivity: 

broadcasting receivers, 
14-11; 39-17 

specification, 1-61 
Selenium rectifiers, 29-17 
Self-bonding wires, 3-35 
Self-capacitance: 

of metal rectifiers, 29-22 
of solenoids, 30-7; 88-34 

Self-contained aerials. 14-16 
Self-inductance, 30-2 
Self-oscillating mixers, 15-13 
Self-oscillating scanning units, 

15-55 
Self-pulsing oscillator, 18-45 
Self-rectifying vibrator, 14-83 
Self-supporting conductor, 

39-6 
Semi-conducting materials, 

28-24 
Semi-conductors, 3-22 et seq.; 

98-2; 27-2 
Semi-conductors, printed, 

3-50 
Sense determination, 18-5 
Sensitivity, measurement of, 

1-60; 39-17; 42-3 et 
seq. 

Sequential colour systems. 
2-23 

Series-connected television 
tuners, 15-19 

Series connections, 29-4 
fierier derived T-section fil-

ters, 1-41 
Series-mode crystal oscilla-

tors, 44-13 
Series modulation, 8-25 
Series operation, heaters and 

filaments, 23-19 

Series, resistors in, 1-2 
Series resonant circuit, 1-32 
Series-shunt stabilizers, 10-63 
Series stabilizers, 10-62 
Series type ohmmeter, 38-12 
Series-wound gramophone 

motors, 88-6 
Serrosoid system of frequency 

modulation, 8-38 
Servicing: 

automobile radio receivers, 
39-14 

broadcasting receivers, 39 
passim 

communication receivers, 
39-10 

equipment, television, 40-6 
gramophone mechanisms, 

35-14 
printed wiring, 89-36 
tapo recorders, 39-45 
television receivers, 40 

passim 
transistorised equipment, 

89-39 
V.H.F./F.M. rizceiveri , 

39-34 
vibrators, 313-28 

Servicing equipment, tele-
vision, 40-6 

Setting up rausmitters, 
41-10 

Seven-unit teleprinter, 113-9 
Shadow mask colour tubes, 
2-22 

Shannon's coding theory, 
2-1 

Shelf effect, 14-51 
Shielded coil, construction of, 

39-30 
Ship transmitters, 7-31 et 

seq. 
Shoran, 19-33 
Short-circuit wiring tests, 

41-5,6 
Short magnetic lens, 2-18 
Short-wave r rials, receiving, 

21-11 
Short-wave radio-telegraph 

sender, 7-32 
Shot effect, 22-4 23-12 
Shunt-derived pi-section fil-

ter, 1-41 
Shunt-regulated amplifiers, 

10-36 et seq. 
Shunt-regulated powersupply, 

10-61 
Shunt sti 'firers, 10-6: 
Shunt-type ohmmeter, 38-12 
Side-chain diode, 14-42 
Sideband amplifiers, 18-21 
Signal currents, 84-11 
Signal generators, 38-21; 

39-23; 40-7,18 
Signal-to-noise ratio, 1-62; 

17-4, 10; 22-5 et seq.; 
37-5 

Signal tracer, $9-0 
Signal tracing, 89-13 
Signal voltage control, 38-31 

Signalling, formulaz and cal• 
culations, 1-73 

Silicon cartridges, standard 
dimensions, 37-5 

Silicon crystal rectifiers, 27-
et seq. 

Silicon junction rectifiers, 
16-2; 26-32 

Silicone compound, 7-21; 
14-24-

Silvering, 89-14 
Sine tables, 1-143 
Single-frequency noise factor. 

42-3 
Single-layer solenoid, 80-6 
Single-sideband generation, 

7-22,29; 9-14 
Single-sideband receivers, 

18-21 
Single-sideband transmission 

(S.S.13.), 7-21 et seq.; 
18-6 

Single sideband truismitters, 
7-21; , 9-14 

Single-sideband-suppressed-
carrier reception, 9-20 

Single-wire transmission lines, 
13-19 

Site noise, 22-3 
Siting transmitting aerials, 

11-22,31 
Skeleton waveguldes, de-

velopment of, 13-3 
Skiatron, 84-26 
Skin effect, ao-5, 
Sky-wave propagation, 1L-
Sky-wave synchronized loran, 

10-23 
Siewlog, 11-29 
Slide-rule calculations, 1-132 
Slope, 23-7 
Slot aerials, 11-39; 21-21 
Slow-wave structure, 2$-32 
Slug-type magnets, 82-5 
Small impedance measure-

ments, 38-36 
Smoothing capacitors. 29-9 
Smoothing circuits, 25-12,11 
Smoothing filters, 1-101 
Solar batteries, 30-23 
Soldering, 3-38; 23-7 
Solders, 8-37 
Sommerfeld formula, 1-82 
Sonne 18-10 
Sound delay systems, $7-32 
Sound detector, 15-33 
Sound fading at the studio, 

4-36 
Sound insulation, studios, 41-2. 

3,4 
Sound levels, 81-5 
Sound-on-visiou, 40-33 
SOUND REPRODUCTION AM) 

DISTRIBUTION, See, 37 
Sound traps, 15-29 
Space charge, 23-9 
Space-probe communication, 

20-20 
Space-probe telemetry per-
. forrnance, 20-25 



Spacing of aerial elements, 
11-26 

Spacial service valves, 28-13 
Speech waveforms, V.H.F., 

, 3-13 
Spot intensity control, 33-54 
Sprayed carbon resistors, 

28-6 
Spurious signals, 22-4 
Squares and square roots, 

1-133 
S. S. Loran, 19-23 
Stabilization of engine alter-

nators, 5-18 
Stabilization, power equip-

ment. 5-12 
Stabilizers, 10-62 

E.II.T., 25-26 
Stacked radiators, gain of, 

- u.-34 
Stage gain, intermediate-fre-

quency, with coupled 
circuits, 22-12 

Staggered time constants, 
10-35 

Staggered tuning, 15-24 
Standard frequency meter, 

88-45 
Standard frequency trans-

missions, 44-28 
Standard intermediate-fre-

quency radio receiver 
aligning, 89-25 

Standard recording tapes, 
34-16 

Standard signal generator, 
38-22 

Standing wave ratio, 1-91 
Star-and-megh networks, 1-12 
Star mixera, 4-14 
Star networks, 21-27 
• Statcoulomb, 46-4 
Staticon, 45-4, 11 
Statistical theory of communi-

cation, 2-3 . 
Steel, 3-41 
Steel-tank rectifiers, 25-50 
Stencils, peinted circuits, 8-44 
Stepped motor pulley gramo-

phone drive, 85-5 
Stereophonic: 

broadcasting, 47-14 
cartridges, 31-27 
disc recordings, 84-39; 

87-29 
localization, 87-24 
recording, 34-39; 87-26 
reproducing, 87-25 
reproduction, 37-27 
tape records. 34-19 

Stereophonic sound, 37-9 
Stereosonic reproduction, 

87-26 
Stokes' Law, 24-19 
Storage tubes, 24-28 
Straight radio receivers, 

89-31 
Stray capacitances and in-

ductances, 23-19 
' Streaking ", 40-34 

INDEX 

Strontium oxide, 23-2 
Stub matching, 12-11 
Studio amplifier chain, 4-13 
Studio control cubicle equip-

ment, 4-11,21 
Studio equipment parameters, 

4-25 
Studio floor areas, 4-6 
Studio lighting, 4-23 
Studio sound mixing, 4-14 
Studios: 

broadcasting, 4-2 et seq. 
television, 4-19 et seq. 

Styli, 34-25,29,30 
Subjective performance testa, 

33-15 
Super-turnstile arrays, u-10 
Superheterodyne receiver 

alignment, 89-22 
Superheterodyne receivers, 

1-63; 14 Minim 
Suppressed aerials, 19-36 
Suppressor circuits, television 

interference, 83-11 
Suppressors: 

dual-purpose mains, 33-7 
grin, 23-11 
television i nterference, 

33-16 
Surface barrier transistors, 

26-8 
Surge ratings of electrolytic 

capacitors, 29-19 
Susceptance, 1-12 
Susceptance modulator, 6-12 
Sweep generatorg, 88-47 
' use of, 40-10,21 
Swinging chokes, 25-47 
Switch 'contacts, faults in, 

39-4 
Switchboard equipment, 5-24 
Switches, 3-19 
Switchgear for power supplies, 

5-23 
Switching, A.M./F.M. - 

eel cera, 14-73 
Switch tuner, 40-16 
Symbols, standard. 46-8 e13eq• 
Symmetrical electrostatic 

lens, 2-13 
Sync. cancelled A.G.C., 15-61 
Synchronism, 36-49 
Synchronizing " burst ", 

10-64 
Synchronizing pulse genera-

tion, 45-3 
Synchronizing pulse peak level 

clamping, 10-52 
Synchronizing pulse rtubiliz-

lug, 10-55 
Synchronizing pulse stretch-

ing, 10-55 
Synchronizing separators, 

15-38 et seq. 
faults in, 40-25,31 

Synchronous detection, 2-30 
Synchroacope, 5-28 
Synthesized F. wave, 18-15 
Synthesized H wave, 13-11 
Synthesizer, 88-45 

17 

" T" aerial, 11-12 
" T" attenuators, 1-39; 

21-24,25 
" " core, 30-12 
T section filter, 1-41 
T.B. switch, 18-37 
Tables, mathematical, 1-139 

et seq. 
Tacan, 19-14 
Tantalum, 29-20 
;Tape deck, 34-4; 39-49 
Tape recorder heads, 89-50 
Tape recorders, 89-45 
Tape recording, 34-2 et seq. 
Telegraph codes, 1-73; 16-7 
Telegraph communication, 

16-2 
Telegraph receivers, 16-13 et 

seq. 

Telephone receivers, 16-21 
et seq. 

Telephony channelling, 16-11 
Telephony, commercial, 16-6 
'Feleprintem. 16-9 
Teleran, 19-33 
Telescopic vertical aerial, 

14-17 
Television adjustments, re-

ceiver. 40-2 
Television alignment, re-

ceiver, 15-33; 40-19 
Television applications, in-

dustrial, 45-16 et seq. 
Television, broad-band relay 

Systems, 17-3 
Television cameras, 4-30 et 

seq. 

Television cathode-ray tubes, 
24-6 

salvaging of, 40-34 
Television fault finding, 40-23 

et seq. 
TELEVISION, INDUSTRIAL, Sec. 

45 
Television interference, $8-10 

et req. 
• aircraft flutter, $8-15 
amateur radio stations, 

9-11 
diathermy, 33-1. 
freak Propagation, 8a-14 
heterodyne, 88-11 
impulse, 33-10 

Television link 8,17 passim 
Televisramf tern generators, 

Television receiver: 
alignment, 40-13 et seq.; 

40-19 et seq. 
band III conversion, 40-36 
controla, 40-2 
fault finding, 40-23 
i natallation, 44-2 
intermediate frequencies', 

40-16 
precautions, 40-21 

TELEVISION RECEIVER DE-
SIGN,' Sec. 15 
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TELEVLSIC; RECEIVER DE-
SIGN (contd.)— 

channel selectors, 15-15 
detection, 15-31, 
frequency conversion, 15-10 
intermediate-frequency am-

plification, 15-4,20 
radio-frequency amplifica-

tion, 15-4 
sound channel, 15-29 
synchronising circuits, 

15-38 
time-bases, 15-47 
video amplification, 15-35 

Television receiving aerials, 
1111-17 et seq. 

Television servicing equip-
ment. 40-6 

Television servicing precau-
tions, 40-21 

Television studio central con-
trol room, 4-34 

Television studios, 4-19 et 
seq. 

TELEVISION TRANSWITTERS, 
Sec. 14 

clamp-pulse generators, 
16-36 

colour, 10-63 
D.C. restoration and clamp-

ing, 10-49 
direct coupled amplifiers, 

10-47 
feedback amplifiers, 10-26 
grid-modulation, 10-11 
modulation methods, 10-6 
performance specifications, 

10-3 
power supplies, 10-60 
predistortion, 10-54 
shunt-regulated amplifiers, 

10-36 
Television • transmitting 

aerials. 11-34 
Television waveform, 10-3 
" Temperature" aerial, 42-3 
Temperature coefficients, 

metals and alloys, 1-3 
Temperature compensation, 

8-4,21; 14-27; 15-14; 
22-11 

Temperatdre fuses, a4-25 
Temperature sensitive resis-

tors, 3-22 et seq.; 14-24 
Temperature variations: 

crystal oscillator, 8-4 
crystal rectifier, 27-7 

Tension in stays, 1-87 
Terminal receivers, 8-30; 

17-10 
Terminal transmitters, 8-29; 

17-9 
Terylene, 8-21 
Test bridges, 38-26 
Test card 0 ", 40-5 
Test equipment for F.M. 

systems, 17-24 
Testing chokes, 25-47 
Testing instruments, 40-6 et 

seq. 

Testing transmitters, 41-7 
Tests and measurements, cal-

culation, 1-115 
Tetrodes, 28-9 
Textile coverings for wires, 

8-26 
Theatre projection systems, 

48-18 
Theodolite, use of, U-48 
Thevenin's theorem, 1-21 
Thermal agitation, 22-3; 

23-12 
Thermionic emission, 23-2 
Thermionic valve rectifier, 

25-2 et seq. 
Thermionic voltage regula-

tors, 1-106; 5-16: 20 
Thermistors, 8-22 et seq. 
Thermo-junction instruments, 

88-8 
Thermoplastic materials, 8-17 
Thermostat interference, 33-6 
" Third method" S.S.B. 

generation, 7-29 
Thoriated tungsten, 23-2 
Three-gun display tubes, 2-22 
Three-point oscillator track-

ing calculations, 22-10 
Three-speed gramophone 

drives, 85-3 
Three tube cameras, 2-32 
Three vidicon colour cameras, 

2-32 
" Throw out" aerial, 14-16 
Thyratrons, 22-15 
Tiered arrays, U-35 
Time-baso circuits: 

industrial television, 45-3 
oscilloscopes, 38-47 
television receivers, 15-47 

Time-base controls, adjusting 
of, 40-2 

Time-base faults, 40-28 
Time-constant, 29-4 
Time division channelling, 

13-10 
Tinted cathode-ray-tube 

screens, 24-11 
Titanium dioxide, 29-13 
Tolerances: 

transmitter frequency, 
44-29 

Tone controls, 14-50; 37-20 
Top capacitance coupling, 

14-31 • 
Top-loaded aerials, u.-12 
Top loading, 11-11 
Toroidal-wound coils, 24-17; 

30-10 
Torus-shaped former, 80-9 
Towers and masts, 7-35; 

17-20 
Trace speed. 38-48 
,Tracing distortion, disc re-

production, 34-30 
Tracking distortion, disc re-

production, 34-30 
Tracking, three-point, 22-10 
Transconductance, 1- • .1; 28-8 
Transcription motors, 86-7 

fransformation ratio, 1-108 
Transformer rooms, 5-10 
Transformer, 1-52,109; 30-14 

et seq. 
analysis of, 30-15 
atmospheric ..cerioration 

in, 30-20 
constructional methods, 

control of capacitance, 

control 19 of inductance, 
30-19 

coupling, 1-48 
design factors, 1-111; 

el imiari7atlio4n 0414-80; 37-14 
egetnuciiveanleeyn,t1-109 

impedance, 

fault1s-in10,828-5; 41-16 
formuke and calculations, 

1-108 
intermediate-frequency, 

14-19 
iron-cored, 14-21 
magnetic screening of, 

20-19 
parallel, in, 5-7 
power losses, 1-109 
tuned leakage inductance, 

15-55 
voltage regulation of, 1-107. 

Transient distortion, 15-23; 
37-6 

subjective, 27-9 
Transient phenomena, 38-53 
Transient response, loud-

speakers, 32-15 

spee d of17-4 Transistor: 
alloyed junction, 26-7 
as circuit elements, 26-23 
circuits fur, 26-25 
corr. -.:rters, 14-84 
D.C. converters, 36-31 
diffused junction, 26-9 
drift, 26-10 
tieddistor, 2$-19 
grain-boundary, 26-21 
grown junction, 26-14 
junction, 26-7 
mesa, 26-10 
modulator, 7-15 
oscillators, 7-5 
parameters, e-16 
portable receivers, 14-75 
power, 26-11 
surface barrier, 26-8 
unipolar, 26-18 

TRANSISTORS, Sec. 26 
Transit loss, 23-21 
Transit-time effects, 42-5 
Tmositron oscillator, 7-4 
Translator, B.B.C. television, 

47-5 
TRANsvrsSION LINES, Sec. 12; 

1-88 et seq.; 11 passim 
Transmission losses. building 

materials, 4-4 
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Transmitters, calculations, 
1-68 

Tu.tNabtrrrnec AERIALS, Sec. 

anti-fading, 11-13 
construction, U-17 
directional, u.-19 
medium-frequency, 11-8 a 

seq. 
high-frequency, 11-22 et 

seq. 
television, 11-34 
very high frequency, U-33 

Transmission quality, studios 
4-5 

Transmitter attenuation (t.a.) 
system, 10-2 

TRANSMITTER INSTALLATION 
AND MAINTENANCE, 
Sec. 41 

Transmitter: 
choice of site, 11-51 
component replacements 

for, 41-19 
frequency tolerance for, 

44-29 
'1 itsYSVITTERS, RROADC %ST-

INN, sec. 
:onpliflers, 8-3 el seq. 
carrier sources, 6-9 
constant-current modula-

tion, 8-20 
constant-voltage modula-

tion, 8-25 
floating carrier operation, 

8-27 
frequency dividers, 8-11 
requency modulation, 8-29 

et seq. 
frequency multipliers, 4-13 
grid bias, 0-16 
Heisiag modulation, 8-20 
modulation systems, 0-19 
neutralizing, 8-15 
performance requirements, 

9-3 
series modulation, 0-25 

Trananiit 
amateur, 9 IN.:6M 
OMmUNIcA rioN. Sec. 7 

earthing of. 21- :at 
8 pes.ife 

Transpondetst, radar, 19-35 
Travelling-wave ,Iellect ion 

tube, 24-27 
Travelling-wave tube, 17-17; 

23-30 
Fri-colour kinescope, 2-22 
Triggertyl synchronizing pf 

7"kimmOt time-bases, 15-41 
zyt/5-Tricale amplification, limita-

tions of, 23-9 
Triodes, 23-el 
Triple co-axial biluns, 12-11 
Triple conversion, 47-11 
Triple-tuned coupled circuits, 

10-17 
Trips, automatic, 35-7 
Tropical requirements, capa-

citors, 29-9 

Tropospheric scatter, 7-38 
47-7 

" True Motion" radar, 18-52 
True North, determination of 

13.-47 
Tubular foil capacitors, 14-28 
Tunable whistles, 1-63; 14-11 
Tuned band-pass trans-

formers, 80-17 
Tuned leakage inductance 

transformer, 15-55 
Tuned-pipe enclosures, 32-19 
Tuners for television receivers, 

14-18 19 
Tuning elements, 1.11.F., 

8-9 
Tuning signal, B.B.C. tele-

vision, 40-4 
Tuning wands 89-33 
Tunnel diode, 27-12 
Turntables, record, 35-17 
Turret tuners, 15-18; 41)-16 

faults in, 40-31 
Twin feeder, 12-3 
Twinplex, 18-11 
Two-cylinder electrostatic 

lens, 2-12 
Two-terminal coupling net-

works, 10-23 

" core, 30-12 
U.11.1,..path loss. 17-13 
1111.1e./V.H.F. broadcasting 

allocations, 0-43 
Ultra-linear output stage, 

87-13 
Unbalanced line, 12-3 
Underwater television, 45-19 
Undulator slip. 10-8 
Unipolar transistors, 20-18 
Unit conversion. 1-127 
Unit permeability, 30-5 
Unit test equipment, F.11. 

systems, 17-24 
Units, delinit'flus of, 40-5,8 
Universal »mid III conver-

ter, 40 - :;6 
Universal ilnpedai . bridge, 

38-27 
Universal h.ml., 
Universal teal ers, 38 ..; , 

40-7 
Univoltage electrostatic 

lenses, 2-13 
Upper sideband, television 

receivers, 40-37 

V 

V band, radar, 19-24 
Valve constants, deterruina-

.tion of, 1-122 
Valve cooling, 1-77; 0-26; 

6-14 
Valve data, interpretation of, 

23-17 
Valve holders, 3-49 
Valve keyer, 9-16 

, Valve maintenance, 41-13 
Valve noise, 22-4; 23-12 
Valve nomenclature, 48-12 

, Valve oscillators, formule and 
calculations, 1-65 

Valve testing, 1-122; 38-2a, 
40-12; 41-13 

Valve voltmeters, 38-17 
VALVES, See. 28; 14-24 
amateur transmitters, 9-8 
ceramic, 3-13 
construction of, 28-2 
frame grid, 3-13 
frequency limitations of, 

23-19 
heaterless, 23-11. 
operating conditions of, 

23-15 
principles of, 28-5 
television, 14-24, 57; 23-13 
vapour cooling of, 5-35 
\ULF, 8-10; 23-21 et seq. 

Vapour cooling, 5-35 
Variable sir dielectric capa-
, citors, 14-99 

Variable composition resis-
.,ors, 14-24; 41-11; 
Sec. 28 

Variable-mu valves, 23-11 
Varley loop test, 38-16 
Varnishes, 3-11, 11; 7.-19 
Velocity component in wave-

guides, 13-11 
Velocity-operated micro-

phones, 31-4 
Velocities, phase ay.! :;fvup, 

13-14 
Velocity modulated oscilla-

tors, 17-8; 28-23 
Velocity propagation con-

stant, 38-36 
Velocity of propagation in 

cables, 12-6 
Velocity trips, gramophone 

mechanism, as-g 
Vented enclosures, 82-17 
Ventilation: 

broadcast receivers. 14-3 
transmitters, 1-80 
valves, 23-16 

Vertical serials, 1-51; 11 
passim; 21-1 

Vertical deflection, 10-49 
Vertical incidence arrays, 

11-30 
Vertical radiation patterns, 

11-13,24 
Vertical rod aerials, 21-4 
ert ical slot aerials. 11-39 

Vertical synchronizing pulse 
separation, 15-39 

V.11.1'. aerials, 8-26; 21-15 
V.H.F. -.broadcasting fre-

.mency allocatio 
8-13 

a'.II.F. broadcasting receivers, 
14-31 et seg. 

V.H.F. channel spacing, 8-2 
V.11.1". communication, air , 

19-5 
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V.11.F. communication sys-
tems, 8-26; 17 pas-
sim 

V.H.F. control arrangements, 
8-25 

V.H.F. direction finding, 
18-10 

V.H.F. diversity communi-
cation systems, 8-27 

V.H.F. double mixers, 8-19, 
20 

V.H.F. double tetrodes, 28-21 
V.H.F./F.M. reception, 15-63 
V.H.F. multi-channel corn-
. munications systems, 

8-28; 17-22 
V.R.F. ornui-directional radio 

range, 18-9 
V.11.F. path loss, 17-16 
V.11.F. propagation, u.-7 

Q-meter, 88-37 
V.H.F. radio systems, 8-2; 

17-22 
V.B.F. range, two course, 19-9 
V.H.F. receiver design, 8-16 

et seq. 
V.H.F. route planning, 11-53; 

17-14 
V.'S.? scatter comrteniœ-

tionsr, 7-37 
V.H.F. signal generator, 

38-24 
y.H:Y. transmitter aerials, 

11-33 
V.11.F, transmitter design, 

8-3 
V.H.F. TRANSMITTER-RE-

CEIVER EQUIPMENT, 
Sec. 8 

Vibrating contact regulators, 
5-20 

Vibration modes, quartz cry-
stals, 44-6 

Vibrator, car radio, 14-83 
Vibrator converters, 14-82; 

88-24 26 
Vibrator hash interference, 

88-10; 88-28 
Vibrators, 88-24 et seq. 
Vibrators, self-rectifying, 

14-83 
Vidie.011,45-9,11. 
Video amplifiers, 10-26 et seq.; 

15-35 el seg. 
Video amplifier faults, 40-25 
Video detectors, 15-31 
Video-frequency modulators, 

10-20 
Visible speètrum, 2-23 
Vision electronic recording. 

41-7 
Vision interference limiters 

18-57; 88-11; 40-3 
Visual indicators, 18-8 
Vocoder, 2-7 
" Vogad " circuits, 7-37 

Voice-power microphones, 
81-19 

Volt, definition of, 48-4 
Voltage amplification, 

et seq. 
Voltage dividers, 1-2, 4; 

5-39 
Voltage drop in cables, 1-114 
Voltage-doubler rectifiers, 

25-25 
Voltage endpoints, dry cells, 

38-13 
Voltage indicating instru-' 

ments, as-3 
Voltage-multiplying rectifiers, 

25-11 
Voltage reference tubes, 25-53 
Voltage regulation, 1-105,110 
Voltage regulators, 5-13 et 

seq.; 25-54 
Voltage tolerances, power 

equipment, 5-13 
Voltmeters, 88-10; 38-1 
Voltmeter, determining re-

sistance of, 38-11 
Volume control, compensated, 

14-8 
Volume units, 1-26 
VOR, 18-9; 19-9 
VOR/DME, 19-13 
VORTAG, 19-13 

Wafer loudspeakers, 14-23 
Walker multiplier, 25-25,26 
Water cooling systems, 5-32 

et seq. 
cooling tanks, 1-78 
frictional head losses - in 

5-35 
head losses in. 5-35 
valves for, 1-77 

Watt, 48-5 
Wattmeters, 88-13 
Wave-winding, 80-8 
Waveform correction in tele-

vision transmitters, 
10-54 

Waveform-derived clamp 
pulses, 10-57 

Waveform, television, 10-3 
Wavefront system of stereo-

phonic reproduction, 
87-25 

WAVEGITIDF8, See. 18 
attenuation in, 12-20 
mixer, 27-6 
Modes of, 18-10 et seq. 
radar, for, 18-35 
unidirectional, 8-8 

, Wavelength/frequency con-
version, 1-29 et seq. 

Waves: 
modes of, in a cylindrical 

guide, 18-8,17 

Waves (conte!.)— 
in a rectangular .guide, 
18-7,14,16 

plane, 13-11 
synthesized 11,12-11 

Weber, 48-8 
' Wee Megger", 88-15 
Wehnelt cylinder, 24-3 
Weighting curves; 25-42 
' Westalite" metal rectifiers. 

25-17 
Westecters, 25-28 
Wet" cells, 88-2 

Ve lieatstone bridge, 1-116 
Wheatstone slip, 18-8 
Wheel static interference, 

33-10 
Whip aerials, 7-35 
Whistle interference chart. 

14-14 
Whistles, tunable: 

reduction and/or preven-
tion of, 14-13 

types of. 14-11 
Wide-band radio-frequency 

transformer coupling 
circuit, 7-12 

Width control, 15-57 
Winding technique for coils, 

14-20 
Windings, recorder coil, 

34-7 
Windings at positive potential , 

14-22 
Wire recording, 34 passim 
Wires, 3-26 et seq. 
Wire-wound potentiometers, 

28-13 
Wire-wound resistors, 7-20; 

28-9 et seq. 
Wiring faults, 41-6 
Wiring for sound distribution, 

87-33 , 
Wiring systems, 41-4 
Wiring tests, 41-5 
Wobbulator, 38-47; 40-10 
Wow, 35-15; 88-51 
W WV, 44-30 

X band, radar, 18-24 
X cut crystals, 1-66; 44-4 

Y 

Y eut crystals, 1-65 ; 44-4 
Yogi aerials, 8-25; 9-4; 

17-22; 21-19 

Zoner diodes, 25-54 
Zero levels, 1-23 
Zoom lens, 4-29 
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