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JERRY MINTE

“""LENZ Presents |~

\ @ NEW and IMPROVED
= DIAL LIGHT SOCKET N
i NV €

Tensile strength of leads and
connections far in excess of
requirements.

Voltage Breakdown .between
contacts— 1200 Volts.
Voltage Breakdown to ground —
5000 Volts.

Center contact mounted so that

it cannot protrude from shell

and short on chassis when lamp
is removed.

Bakelite Shell is recessed for
contacts, which cannot be push-
ed or pulled out of position.

Lug on contact fits in groove in

shell so that contact cannot be

turned or twisted when inserting
lamp.

Heavy wall Bakelite Shell.

Brackets on grounded type \ A variety of different mounting
socket welded to shell prevent- ' \ bracket styles available, suitable
ing interference due to vibration. , \ for practically any mounting.

The superiority of the new Lenz Dial Light Socket, both elec-

. trically and mechanically is apparent with even the most casual
® Complete Wire and Socket inspection.

Assembly Accepted in Radio
Receivers listed by Under-
writers Laboratories.

But even with its obvious superiority the use of the New Lenz
Dial Light Socket will not add to the cost of your radio chassis.
Samples will be gladly submitted upon receipt of specifications.
Lenz Dial Light Sockets are made in both the two wire insulated
type with bakelite shell and the single wire grounded type with

metal shell.
LENZ ELECTRIC
MANUFACTURING CO.

1751 N. Western Ave., Chicago, lllinois

ENJOYING ITS 35TH YEAR OF SUCCESSFUL BUSINESS
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RAY D. RETTENMEYER

‘Editorial
Comment:

IT finally appears that FCC approved television
standards will be obtained—standards which should
be satisfactory to the entire television industry. The
first step in this direction was taken last month when
the organization of the National Television Systems
Committee was formed under the auspices of the
Radio Manufacturers Association with official FCC
cooperation.

The organization of the Committee, as appointed
by RMA's President, J. S. Knowlson, is as follows:

Chairman, Dr. W. R. G. Baker, Director of the
Engineering Department of the Radio Manufacturers
Association; from Bell Telephone Laboratories, A. A.
Oswald; Columbia Broadcasting Systems, Adrian
Murphy, Executive Director of Television; Don Lee
Broadcasting System, Harry R. Lubcke, Director of
Television; Allen B. Du Mont Laboratories, Inc., Allen
B. Du Mont, President; Farnsworth Television & Radio
Corporation, B. Ray Cummings, Vice-President in
charge of Engineering; General Electric Company,
E. F. W. Alexanderson; Hazeltine Corporation, Daniel
E. Harnett, Chief Engineer; John V. L. Hogan, repre-
senting consulting engineers; Hughes Tool Company,
Albert |. Lodwick; The Institute of Radio Engineers,
Inc., Dr. A. N. Goldsmith; Philco Corporation, David
B. Smith; Radio Corporation of America, E. W.
Engstrom; Stromberg-Carlson Telephone Mfg. Co.,
Frederic C. Young, Chief Engineer; Zenith Radio
Corporation, John R. Howland, Secretary and Assistant
to the President.

Details of organization and future procedure were
arranged at a New York meeting. Many companies,
including research and technical experts, will serve
on various 'panels" of the committee. Chairman
Baker appointed and announced the organization of
"panels" or 'subcommittees” with their respective
chairmen, as follows: System Analysis, P. C. Gold-
mark; Subjective Aspects, Dr. A. N. Goldsmith; Tele-
vision Spectra, J. E. Brown; Transmitter Power, E. W.
Engstrom; Transmitter Characteristics, Philo T. Farns-
worth; Transmitter-Receiver Coordination, |. J. Kaar;
Picture Resolution, D. E. Harnett; Synchronization,
T. T. Goldsmith; and Radiation Polarization, David
B. Smith.

Copyright 1940, Bryan Davis “Publishing Co., Ine.

Published Monthly by the

BRYAN S. DAVIS

President BRYAN DAVIS PUBLISHING CO., Inc.

PAUL S. WEIL
Advertising Manager

19 East 47th Street

JAMES A. WALKER
Secretary

Chicago Office—608 S. Dearborn Street
Telephone: Wabash 1903

New York City A. GOEBEL
New York Telephone: PLaza 3-0483

Circulation Manager

Wellington, New Zealand—Te Aro Book Depot
Melbourne, Australia—McGill's Agency

Entered as second-class matter October 1, 1937, at the Post Office at New York, N. Y., under the act
of March 3, 1879. Yearly subscription rate: $2.00 in the United States and Canada, $3.00 in foreign coun-
tries. Single copies: twenty-five cents in United States and Canada, thirty-five cents in foreign countries.
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FREQUENCY STABILITY: Western Electric now
makes another great contribution to the radio art—
synchronized frequency modulation. This new system
of carrier wave frequency stabilization is unique—
gives the 503A-1 (1KW)Transmitter a stability of better
than .0025%,

FREQUENCY RESPONSE: Flat within + 1 db from
30 to 15,000 cycles per second.

NOISE LEVEL: Phase noise carried by transmitted
wave is 70 db down unweighted from + 100 KC swing.

DISTORTION: Typical measurements of r. m. s. audio
frequency harmonic distortion with a distortionless
F M audio monitor in the frequency range of 30 to

&

_\S_\yfzcém/z/zeo/ FM

15,000 c. p.s. show less than 2% at a modulation cor-
responding to + 100 K C swing. Distortion measure-
ments include all audio frequency harmonics up to
30,000 c. p. s.

COMPACT UNIT: All apparatus is contained in a
single, beautifully styled cabinet measuring only 44"
widex 39" deepx 78" high. In construction and arrange-
ment, it is similar to the now famous 443A-1, which
set anew high in accessibility and simplicity of control.

POWER OUTPUT: The 503A-1 is designed to serve
perfectly for powers of 1 KW or less, or as an exciter
for amplifiers for higher power. Its superior charac-
teristics will carry through when you step-up—that’s
mighty important to remember!

FOR FULL TECHNICAL DETAILS, write to Graybar.

DELIVERY: Orders now being accepted for Fall
delivery.

Ask your Engineer!

Western EJ
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FILTERS and |
EQUALIZERS

UTC produces special filters for many organizations. In addition to these
special units, a number of standard items have been developed for specific
requirements of the communications field. Some of these are described below.

PHONO and RADIO FILTERS

(500 ochm impedance)
2E PLAYBACK EQUALIZER

In hill and dale recordings, as well as some lateral
recordings, the high frequencies are brought up when
recording to effect a high ratio of signal level to sur-
face noise. Simultaneously, the low frequencies are
attenuated so that the high amplitude will not overrun
the track. The 2E equalizer compensates for both of
these effects in playback. H-3 case. Net.... .. . . .$25

2F LOW PASS FILTER

In practically all high fidelity sound sources such as
phono, sound on film, microphone and similar service, a

RESPONSE IN DR

substantial amount of scratch or other parasitic noise is
encountered. Since this noise is in the upper range of
the audio spectrum, a low pass filter will eliminate the
greater portion of it. For highest fidelity, however, this
filter should have little effect on frequencies below the
cutoft point. The 2F filter is ideal in this respect and
is recommended for all broadcast work. Frequency of
cutoff is 6000 cycles. H-3 case, Net. . . oL, %40

2G LOW PASS FILTER

Same as above, but cutoff frequency is 4500 cycles.
H-3 case, Net : ..., .%40

2H SCRATCH FILTER

This low pass filter is similar in purpose to the 26
but has not as sharp cutoff characteristics; suitable for
most commercial and home applications. H-l case,

Net .. .. . . o T e I B O $15

LN .

RESPONSE

" RESPONSE IND.B |

2J LOW PASS STATION FILTER

This filter has a 9000 cycle cutoff, attenuating all
frequencies beyond this point to eliminate the pos-
sibility of the kroadcast station overrunning its side-

bands. H-3 case, Net. .. ..
2K INTERSTATION BEAT FILTER

In high fidelity receivers some difficulty is encountered
due to the [0KC beat frequency between the carriers
of stations on adjacent channels. The 2K filter is de-
signed to eliminate this one frequency without affecting
the other high fidelity characteristics. H-1 case.
Net . al el ¢

. RESPONSE IN D.B
0y W =

Write: BROADCAST DIV. % 150 VARICK ST. % NEW YORK, N. Y.
IEXPORT DIVISION: 100 VARICK STREET NEW YORK, N. V. CABLES: '""ARLAB"
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THE basically-new principle employed in
the multi-electrode RCA-825, wherein the elec-
tron stream is inductively coupled to the output
circuit, has resulted in removal of many of the
present day limitations to u-h-f operation.
Designed for use as a power amplifier at fre-
quencies above 300 megacycles, the RCA-825
is capable of handling power outputs up to 35
watts, depending on the band width and type of
service. It is also useful as an oscillator and
harmonic generator, being employed in these
applications in the same manner as conventional-
type tubes.

By separating the functions of the output electrode
and of the current-collecting electrode, and by making
use of high.velocity focused electrons, electron transit-
time effects are minimized without increased dissipation
and loss in efficiency. This separation of functions
makes it possible to utilize an output circuit of low
effective capacitance and high eficiency. Thus, because
of its high transconductance and its adaptability to
tank circuits having low effective capacitance, the 825
is especially suited for wideband services, such as
television and frequency modulation.

Sound and practical in design, the 825 is an RCA
engineering achievement which suggests vast new possi-
bilities for the advancement of u-h-f use. Complete ;
technical information will gladly be sent upon request. : =
Inquiries regarding special applications above 300 b . e
megacycles are solicited. Write to RCA MFG. CO., : .
Commercial Engineering Section, Harrison, N. J.

|

| OUTPUT
AMPLIFIER

A
L el Fv

ad - -
Mﬁ&’% ‘\“ S ] S(" \Qg“up
< < o
- h e <& od“\"‘“o“
AU oo n v
VAT pier S0 e ™ o Yok
0 1 ax. \ts
et pditio 600 My VO s
oW co % 3600 "ok (ol ere _ '
oS ¥ t“e,.dov’“ TAGE " 3000 mex "‘“x;.mp oret ® A developmental r-f amplifier stage
o% 3\‘1#"‘;‘ 05':\0" "\}:aﬁ‘ using the RCA-825 at 500 Mc. The
c “Eﬂo- ‘YJO"‘ "%E' 100 Mo ot photograph shows the resonator, the
9,.¢ GRI% wo- 3 yoLt i ge 7 Mo Wl tube, the electromagnet and general
o- %‘ﬁ\ '::.'.‘ “f-_"a%‘“} o '\:u\\* arrangement of parts. In use at RCA 5
0-C GRIP EYOR Gyprer 50 MO% ot bhe Communications, Rocky Point, Long
0-C CoMES A VT mox- poft i
CD o put - A5 ™ ¢ peak Diions Island, N. Y.
?“ 10

PROVED IN RADIO’'S MOST EXACTING APPLICATIONS
RCA MANUFACTURING CO., INC., CAMDEN, N. J. - A Service of The Radio Corporation of America
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TuNED-CRrRiD TuNeD-PLATE OscILLATOR

By I. E. MOUROMTSEFF

Special Products Engineering Dept.
Westinghouse Lamp Division

(Bloomfield, N. J.)

AMONG various types of coupling between the grid
and the plate circuits in vacuum-tube oscillators,
the internal feed-back through the plate-to-grid capaci-
tance deserves particular attention. It acquires para-
mount importance in production of oscillations of very
high frequencies. On the other hand, a closer analysis
of all factors involved in the generation of this kind of
oscillation can be of service in solution of the inverse

problem ; that is, how to reduce the tendency to parasitic-

oscillations resulting from incomplete neutralization in a
triode, or from the residual capacitance in a screen-grid
tube amplifier.

It can be shown! that the feed-back through the plate-
to-grid capacitance, Cpg, is equivalent to the combined
effect of a pure resistance, Ry, and of an imaginary ca-
pacitance, Cy, both connected on the input side parallel
to the grid (Fig. 1). The numerical values of this feed-
back or reflected resistance and capacitance can be cal-
culated from the expressions:

Rx='—'1/wA2Cpg ................................... (1)
and )
Cx = (1 + Al) Cpg .................................. (2)

where w designates circular frequency of the oscillation,

while A, and A, are the real and imaginary components

of the r-f plate-to-grid voltage ratio, A:

R eV CERR R RS (3)
The same factor, A, can also be expressed through

the tube and circuit parameters:

A= 8Z0/(ZaFRb)  verereennrirenrnaeiarrreteeiaiiains (4)

Note: It may be noted that for sustained oscillation
in any circuit the coupling, K, between the plate and
grid circuits, determining the amount of the feed-back
must be equal to the reciprocal value of the voltage
ratio; that is, K=1/A.

In eq. 4, # is the amplification factor of the tube,

R, is the internal tube resistance,

Z. is the complex impedance of the load circuit:
Za=Xr 7 X1 cimmpmmshuiaiasgereesrrcernaaantencenanes (5)
with X, and X; designating the series resistance and
series reactive components of Z,. Here, X, is different
from the parallel load resistance, Ry, which will enter
into our discussion later; Ry is always used in calcula-
tion of output power from tube characteristics, while X,
is introduced merely as a convenient parameter in_this
discussion. From (4) and (5) it follows that the voltage
ratio factor, A, is generally also complex and can be
split into real and imaginary components:

A=A T A st oo viiesesarassracatat oo, (6)

The most important fact about the outlined repre-
sentation is that the feed-back resistance, Ry, in the grid
circuit becomes negative for any assumed anode fre-
quency, w,, that makes the output circuit inductive, that
is, for w, < w;, the latter being the resonance frequency
of the load circuit. The presence of a negative resistance
in a circuit is a sure sign that the circuit may gencrate
oscillations. In our case, it will actually occur if the
feed-back resistance, Ry, is numerically smaller than R,
the positive parallel resistance inherent in the grid circuit.
The frequency of the generated oscillations is then:

0y = 1/VLe (CoF Cx) oo (7)

that shows that frequency depends on both the real and
the feed-back capacitances in the grid circuit.

Obviously, all our equations are consistent with each
other only for the condition when the calculated frequency
of the grid circuit and the frequency of oscillation as-
sumed to be existent in the anode circuit (and used for
the computation of Ry and Cy) are equal to each other,
that is, if

wx__-wﬂ

This is the only physically possible frequency for a
chosen set of the tube and circuit constants. Indeed, only
in this case will the oscillation amplified by the tube
react on the grid circuit in the manner necessary to sus-
tain itself.

After these preliminary remarks, we shall analyze more
closely the factors involved in the production of oscilla-
tions—whether useful or parasitic—caused by the feed-
back through the plate-to-grid capacitance of the tube.
We shall preferably use a graphical method as it gives

Fig. 1. Diagram of plate reaction on grid
circuit.

w . RESONANCE FREQUENCY

L.

REFLECTED RESISTANCE i _
e e I/Z‘-I/RL'O-J(CW‘_ '/l-wa.’

A
Ry %Azc”
REFLECTED CAPACITANCE R-F VOLTAS;E__RATIO
C.=(|+Al)c” A‘_L_”H__A
L7 (i lof 3
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a better insight into the role of the individual factors
and their mutual relations.

Equations (3), (4) and (5) permit one to express
A, and A, the real and the imaginary components of
the voltage-ratio factor, as functions of the tube and
circuit parameters :

R, X: 4+ Z.
———————— and
(R, + Xo)* X Xo*
R, X.
Y - S wrranPetEEEN (9)
(Rp + X:)* X Xi*

These equations imply that both A, and A, depend on
the actual frequency in the anode circuit, which we do
not yet know. However, for any assumed frequency,
s, In the output circuit we can calculate Z,, X,, and
Xi. This we shall do by means of an inversion dia-

gram as described below.?

In the study of vacuum tubes, it is convenient to
represent the load circuit as consisting of three parallel
branches (Fig. 1)—one containing only the load re-
sistance, Ry, another being purely inductive and the
third capacitative. The admittances of such a circuit
are connected by the algebraic relation :
1/Ze = 1/Ru+ (Co—1/Lw) ..o (10)

Vectorially 1t 1s represented in Fig. 2. If the result-
ing imaginary component is inductive, it is plotted up-
ward ; if capacitative, downward.

By way of example, in all subsequent diagrams and
calculations the following numerical data are used:

A

Resonance frequency, fr = 10° cycles/sec.

Amplification factor, r=12
Plate-to-grid capacitance, Cre = 14.5 mmfd.
Inner tube resistance, Ry = 2000 ohms

Parallel load resistance, R = 2500 ohms
Parallel resistance in grid circuit, R; = 8250 ohms

For evaluating the vectors Z,, X, and X,, entering
into the previous formulae, we shall utilize Fig. 2 and

Fig. 5. Other curves for the graphical analysis.
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prepare from it an inversion diagram in the following
manner (Fig. 3). After replotting the previous dia-
gram we produce the vector 1/Ry and plot its reciprocal
value, Ry, to an arbitrary scale. Then, taking Ry, as a
diameter, we describe a circle and extend all 1/Z,-vectors
to their intersection with the circle. From the geo-

wa(w~w)/w,

Fig. 2. Vector diggram of load circuit.

metrical relations of the constructed diagram, one can
derive that the new vectors represent the Z,-values for
assumed frequencies. Their horizontal and vertical pro-
jections are equal to X, and X, respectively. Just a
glance at the diagram reveals that
Za max — Xr max — RL
and SN - TLEE T Wi AN e i e L (11)
X1 mar = Ru/2

By supplementing the diagram with the horizontal
vector, R;, on the left of the origin, we also obtain a
vector the square of which represents the denominator
in the expressions for A, and A,. Thus, both of these
quantities can be computed, and the only question to
be decided is the frequency scale on our diagrams. This
can be derived from a simple relation between the “de-
tuning” of the circuit, D, and the quantity, O, of the
circuit used. It 1s known that:

D=w,/w, —w,/w, = approx. 2(w; —w,) /o, ..., .......(12)

an
Q=Rv/w:L ..., s anaie ARG SR S (13)

A simple transformation of equation (10) permits one
to conclude that for the 45°-phase angle of 1/Z,, the
relation exists:

D 2 /0] sanizsearsvanedds Vonseiia NPT Y AT PR i Ly i (14)
Indeed, in this case

1/RL = Coa—1/LW@s \\oroeeesiereinenineneeine ..(15)

and

1/Ru = 1/Lw, (03/0r — @:/0) oovvnn... . . (16)

Wherefrom one arrives at the relation (14). Thus,

the frequency pertaining to the phase angle of 45° can

be computed from the equations (12) and (14).

In a similar way, by equating D to 2/Q, 3/A..... ]
and to 1/2Q, 1/3Q....., one is able to determine fre-
quencies for various other vectors.

Thus, the inversion diagram permits the calculation
of the voltage-ratio components, A, and A,; also, for
any assumed frequency (more or less departing from

wwWwW americanradiohistorvy com
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the resonant frequency) the values of the equivalent load
impedance, Z,, its phase angle and also the phase angle
of A. All this enables one to calculate the negative
resistance, Ry, and the feed-back capacitance, Cy, in the
grid circuit, and finally, the exact frequency of oscillation
generated in the grid circuit.

The results of calculation of A, A,, A,, C, and C,
are plotted in Fig. 4 and R is shown in Fig. 5. All
curves are referred to ‘‘detuning” of the anode circuit;
however, instead of D, the product DQ) is used as an
independent variable, since this makes the results more
comparable to each other. In this case the abscissa, 1.0,
always corresponds to the +5°-detuning for any value
of Q (see equation 14). One may designate d = DQ
as relative detuning. The *‘dead zone” in Fig. 5 corre-
sponds to the condition when the feed-back resistance,
R, is numerically greater than the positive parallel grid
resistance, at which condition—according to the previous
discussion—no oscillation is possible at all.

It has already been pointed out that only that oscilla-
tion will be sustained, the frequency of which, wy, is equal
to the assumed frequency in the output circuit, ®,, used
in evaluation of Z,, X;, and X;. In order to find the
numerical values of the actual frequency of sustained
oscillations, the anode frequency, w,, and also the cal-
culated frequency in the grid circuit, s, are plotted in
Fig. 5. As ordinates of these curves the values
(f. — 1) /f, are plotted in per cent instead of cycles
per second. This allows for the use of the same anode
frequency curves with any other assumed resonant fre-
quency, different from the 10° cycles/sec. of our nu-
merical example. The intersection of the w, and ®,
curves indicates the looked-for frequency, the only feasible
one under the chosen conditions. One may notice that
Fig. 5 contains anode frequency curves corresponding
to the values of Q, — 50 and 10. In accordance with a
previous statement, the oscillations can actually be sus-
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Fig. 4. Curves of A, A, A, Cx and C..

tained only if the intersection of the anode and grid
frequency curves falls in the region where the feed-back
resistance, Ry, is numerically smaller than the positive
grid resistance, Rg.

The sequence of calculation is as follows: First, by
means of the inversion diagram, the vectors, Z,, X, and
X, are determined for an assumed frequency w, or—
what is the same—for an assurned detuning, d. These
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Fig. 3. An inversion diagram prepared from
Fig. 2.

values are used in the calculation of A, and A, (equa-
tion 9). Then, R, and C, are computed from equations
(1) and (2). Further, from the known Cg and calcu-
lated C,, one finds wy, the would-be frequency of the
grid circuit under the assumed conditions.  One can
use the relation:

Ox/0r =NVCo/ (Co +Cs) i (17)

Repeating the same process for several assumed fre-
quencies in the anode circuit, one can draw curves for
both @: and wy, and from their intersection determine
the frequency of feasible oscillation.

In order to render the role of the grid circuit constants
more conspicuous, it is convenient to apply a similar
procedure to the grid circuit of different (Qg’s; then, one
has to derive values of Cg from the relation
1/Cer = R/ Qg oo ((18)

Discussion of Results

The curves of Figs. 3, 4 and 5 permit a quick con-
clusion as to the role played by ecach factor involved in
the production and sustaining of oscillations in tuned-
plate tuned-grid oscillators. It is obvious that the factors
favoring generation of oscillations, when these are de-
sired, will also favor starting of annoying parasitic oscil-
lations when the tube is used as an amplifier. Therefore,
all measures which are to be recommended for produc-
tion of oscillations in the first case must be reversed for
suppression of parasitic oscillations in the case of an
amplifier. Now, we shall more closely analyze the in-
fluence of various factors.

(1) The role of the grid resistance, R, is obvious.
The higher this resistance, the narrower is the “dead
zone” in Fig. 5. Hence, for production of oscillations,
R, must be large, for suppression of parasitics—low.
Normally, Rg is determined by the grid excitation loss,
both in the bias and in the tube. The loss is due to the
electronic current from the filament to the grid. One
must be reminded that in this analysis, we designate by
R, parallel grid resistance. In application to the ampli-
fier, one can arrive at a conclusion that more effective
suppression of undesirable oscillations can be achieved
by connecting an additional resistance across the grid
circuit, as this would widen the “dead zone.”

(2) The role of the Q’s of the anode and grid circuits
is also rather obvious. By varying the Q's, one can
shift the point of intersection of the anode and the grid
frequency curves. As is clear from Fig. 5, the smaller
the Q, the steeper is the anode frequency curve; also, a

(Contined on page 22)
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FREQUENCY Vs. PHASE MODULATION

By HERBERT J. SCOTT

Dept. of Electrical Engineering
University of California

I T has been stated on occasion that frequency modula-
tion and phase modulation are essentially one and
the same thing, that the distinction between them is
purely academic, and that to differentiate between them
is to quibble. As will be demonstrated subsequently
there is in general, except for a very special case, a very
real difference between these two types of modulation.

If a carrier is modulated with a single frequency the
¢ Y
expression for a phase modulated wave becomes,

e = Asin(ot -+ msin pt) (1)

where; A 1s the amplitude of the wave (a constant in
this type of modulation), ®/27 the carrier frequency,
p/27 the modulating frequency, and the modulating in-
dex m = k,g. The modulating index expresses the devi-
ation in phase, g, with modulation and is related to the
amplitude of the modulating signal through the factor k,.
In particular it will be noted that the modulation index
is independent of the frequency of modulation.

If the same carrier is now frequency modulated with
the same single frequency the corresponding expression
for the frequency modulated wave becomes,

e= Asmn(wt -4 M sin pt) (2)

where; A, 0, and p are defined as above. In this type of
modulation, however, the modulating index M = k,n/p.
Note particularly that M is directly proportional to the
deviation in carrier frequency k,w/27, is related to the
amplitude of the modulating signal through the factor k,,
and is wmwersely proportional to the frequency of modu-
lation p/27.

Equations (1) and (2) are identical in form except
for the modulating indices m and M. These equations
may be more conveniently expressed as follows,

Fig. 2. Phase modulation and frequency modu-
lation resulting from a trapezoidal modulating
wave.

1 T

T T,
PHASE MODULATION

2 3 )
N :\\ If‘\ It"\ "\‘
\ 7\ Ay \‘ \\ AR
!
\; 1, 5 1’ \ ¢ \ L \|‘
‘\ o\ \y Vo \
/ ! I vy \
Vo / (W / il
S AV \V] \J b
FREQUENCY MODULATION
i \‘ I,\\ A\‘ ﬁ\ /A
\ U ,I \ /I ‘\ /I ‘\
vl \ 'R
v i\ \ \ ,’ “ \
Vi Ry (Y \ \
v \ (Rl \ \
J ) U v \J h\

]O ® COMMUNICATIONS FOR AUGUST 1940

e=A sin (ot + x sin pt)

== & Zjn(x) sin(w - np)t (3)

n=-—o

where now x is to be replaced by m for phase modu-
lation or by M for frequency modulation. The quan-
tity Ju(x) is a Bessel’s function of the first kind, of
order n, and argument x. Formal expansion of the
right hand member of equation (3) yields,

o Jo(x) sin ot
=4 { (carrier)

(upper sidebands)
+1(x) sin(o+p)t
+T.(x) sin(w + 2p)t
+Js(x) sin(o + 3p)t

(—1)Ju(x) sin{w —np)t +Ju(x) sin(w 4 np)t ¢ (4)

Examination of equation (4) shows a group of side-
bands, symmetrically located with respect to the carrier
and separated from the carrier by integral multiples of
the modulating frequency, the absolute magnitude of
any upper sideband being equal to that of its companion
lower sideband. It is evident that if m is now made
equal to M the resulting modulated waves themselves,
and consequently their spectral components, will be
identical for both frequency and phase modulation. Once
produced it is impossible to determine, by any means,
which system of modulation created them.

(lower sidebands)
—J1(x) sin(®—p)t
+J.(x) sin(w—2p)t
—Js(x) sin(w— 3p)t

From some such superficial examination and the
evidence it presents, may have arisen the notion that
frequency modulation and phase modulation are alike.
Such a point of view, however, is almost akin to assum-
ing that because two intersecting lines have a point in
common they must therefore be coincident.

A striking illustration of the difference between fre-
quency modulation and phase modulation is obtained
when the spectral distributions resulting from such
modulations are viewed side by side as in Fig. 1. The
modulating intensity is of such a value that the carrier
deviation is nominally == 60 kc for frequency modula-
tion. This gives a value of M =4 when the modulat-
ing frequency is 15 ke. For phase modulation the modu-
lating intensity is chosen such as to make m =4.

When the modulating frequency is 15 ke the frequency

modulated wave and the phase modulated wave are iden-
tical corresponding to the previously discussed condi-
tion. As soon as this frequency of modulation is de-
parted from, a marked difference between frequency
modulation and phase modulation becomes apparent.

In phase modulation the modulating index correspond-
ing to a given degree of modulation, having once been
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set at a value of 4, remains constant regardless of the
frequency of modulation and consequently results in a
fixed number of sidebands!. It will also be noted that
the envelope of the carrier and the sideband magni-
tudes is of the same shape for all frequencies of modu-
lation except that the frequency span progressively di-
minishes with a corresponding decrease in modulating
frequency. Again, the magnitude of the carrier is the
same for all frequencies of modulation, and the magni-
tude of any given order sideband likewise remains the
same for all modulating frequencies.

In frequency modulation the modulation index de-
pends upon the carrier deviation and upon the modulat-
ing frequency. Since for a given degree of modulation
the carrier deviation is fixed, the modulation index be-
comes increasingly larger as the modulating frequency
becomes progressively lower. The result is that while
the spectral width remains approximately constant as
the modulating frequency is decreased, the number of
sideband frequencies present steadily increases. The
envelope of the carrier and sideband magnitudes for one
frequency of modulation bears no fixed relationship
to the envelope for any other frequency of modulation.
This is quite different from the observations made in
connection with phase modulation.

The foregoing discussion is based upon a modulating
wave of sinusoidal form whose frequency is changed in
discrete steps, and has but one value at any one time.
In order to transmit intelligence a simple sinusoidal
wave form will not suffice. Such transmission requires
a complex wave form of modulation and this makes
the difference between frequency modulation and phase
modulation even more pronounced.

To demonstrate this more convincingly a trapezoidal
modulating wave is shown in Fig. 2. In this same figure
are shown respectively the resulting phase and frequency
modulated waves. The solid lines show the wave before,
during, and after modulation. The dotted lines show the
wave as it would have appeared during this period had
no modulation been applied.

For phase modulation the phase increases linearly
during the interval from T, to T and is given by* g =
k,t. The resulting wave during this interval is then,

e — A sin(wt + k,t) (5)
This may be written

e — A sin(o 4 k)t (6)

and in this form brings out an interesting point. As
soon as modulation commences the frequency abruptly
changes from ®/2x to a new value (® --k;)/2= and
remains constant at this new value until Ts is reached.
At this point the phase has been advanced by an angle
k, T, radians. From T, to T, the phase advance re-
mains constant and the frequency in this interval again
becomes ®/2x, the original frequency of the unwmodu-
lated carrier. In the interval from T, to T, the phase
is retarded (frequency decreased) until at T, the wave
becoines once more that of the undisturbed carrier.

If the modulating magnitude or the time interval T,

1Theoretically there is an infinitude of sidebands but values of Jn(4) for

nD> 7 are essentially zero,
zAssuming that t = 0 at Th.

FREQUENCY MODULATION PHASE MODULATION
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Ry "12KG =12KC M

=4KC M=15

"
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T

Fig. 1. Spectral distributions resulting from

frequency modulation and from phase modula-

tion. Degree of modulation constant, frequency
of modulation as indicated.

to T, were properly adjusted, the phase advance at the end
of this interval could be made equal to 2r radians (360
degrees). The modulated wave in the interval T, to T,
would then be coincident with the unmodulated wave in
the same interval. Were one to be confronted with the
wave in this interval before modulation and again dur-
ing modulation, no physical measurement could discern
the difference between the two.

In frequency modulation the frequency increases
linearly with time from T, to T, and during this interval
the wave is given by the expression,

e — A sin(wt + 24 kot?) (7)
which may be written
e — A sin(w 4 ¥ kot)t (8)

(compare equations (7) and (8) with equations (5) and

(6) respectively).

In contrast with the phase modulated wave, the fre-
quency modulated wave continually increases in fre-
quency in the interval T, to T2 and the instantaneous
frequency is (® + % kot)/27. From T, to T, its fre-
quency remains constant at whatever value it has upon
reaching T2 and from T, to T, its frequency gradually
decreases from this value until at T, the wave is once
more coincident with the undisturbed carrier.

When the results of frequency modulation are thus
compared with the results of phase modulation there
is seen to be a very real distinction between them. It
becomes evident at once that they are neither one and
the same thing nor is one just a “special case” of the
other.
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SYNCHRONIZED FREQUENCY MODULATION

ITH the expansion of frequency-
modulation broadcasting it is in-

teresting to follow the equipments as
they are made available.! Among the
new developments is Synchronized Fre-
quency Modulation which makes its ap-
pearance in the \Western Electric
503A-1, 1000-watt transmitter. It is the
purpose of the following paragraphs to
explain the operation of synchronized
f-nu.

According to Doherty,” foremost
among the practical problems in f{re-
quency modulation 1s frequency stabil-
ity . . . a term which takes on a new
meaning, since it refers to average fre-
quency. In conventional a-m systems,
a crystal oscillator provides the desired
stability. However, in a mode of trans-
mission emploving deliberate variation
of frequency over a wide range, the
direct use of the crystal as the source
of the oscillations would necessarily
give rise to a contlict hetween the fac-
tors which stabilize the {requency and
those which are to produce the desired

1*New U-II-F Transmitters”, p. 10, December,
1939, Communications. ‘*Notes on F-M Trans-
mitters’’, by Frank A. Gunther, p. 11, April,
1940, COMMUNICATIONS,

“Frequency Modulation Receiver Design’, by
Richard F. Shea, p. 17, June, 1940, COMMUNICA-
TIONS.

“*Data from article “‘Synchronized FM”’, by W.
H. Doherty, p. 3, August, 1940, Pick-Ups.

Side view of the transmitter with
cabinet removed.

variation. Yet the mean frequency in
f-m transmission is subject to the same
regulation prevailing for the carrier
frequency in amplitude modulation.
Now the mean frequency in a fre-
quency modulated signal may be defined
as the total number of cycles occurring

f2

_—
fa

o T !
- (L

Fig. 1. Schematic of a frequency
divider.

Fig. 2. Block diagram of the f-m

transmitter.
PROGRAM o N R ﬂJ
weut | REC s-mC | I fre- | [powen
o CONTROL | g OSCIL QUENCY bpmd AMPLI-
TUBES | iTrO_“_J | pousLERS FIER
i
i
CONTROL
MOTOR

5-KC [ l
CRYSTAL MODULATOR FREENCY
0SCILLATOR

m a second, whatever their distribution
in time over this interval may be; so
that a logical and direct procedure in
maintaining the mean frequency at the
assigned carrier value, ‘would be to
count continuously the number of cycles
per second, comparing this with the
number generated by a precise fixed-
frequency standard, and adjusting the
source of the oscillations to keep the
two always exactly the same. This is
in effect what is accomplished in syn-
chronized frequency modulation. The
procedure has a close parallel in electric
power system practice, where cycle
counting by means of synchronous
motor clocks permits accurate control
of the average frequency.

It is not necessary, however, to count
millions of cycles each second, for the
frequency may be reduced to any de-
sired degree through the new technique
of frequency division, whereby a low
frequency is obtained which is an exact
submultiple derived directly from the
original frequency and having its vari-
ations reduced in proportion. The fre-
quency divider, a tool of considerable
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promise in the communication field, con-
sists basically of a modulator (M. Fig.
1) and a vacuum tube amplifier. The
frequency f, appearing in the output of
the modulator is the difference between
the frequency fed back from the out-
put, which is f; itself, and the frequency
f. applied to the device; that is,
fo—=1,—f,. This requires that f.=1,/2,
so that we have an exact halving of
the frequency; and the output wave, al-
though produced by a regenerative ac-
tion, is under complete control of the
mnput by virtue of the modulation proc-
ess through which it originates.

Using a modulator of the copper-
oxide type, which recent refinements
have rendered suitable for use at fre-
quencies of several megacycles, the fre-
quency divider becomes a compact and
simple device. By cascading a series of
such dividers, we obtain for synchro-
nizing purposes a frequency as low as
desired, in exact submultiple relation-
ship to the carrier frequency. In syn-
chronized frequency modulation the di-
viding process ends up with a frequency
of about 5000 cycles, or 1/8000 of the
carrier frequency.

Referring now to the block diagram
of the system, Fig. 2, the role of the
frequency divider becomes apparent.

Front view of the synchronized
f-m transmitter.
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The divider is energized from the out-
put ot a irequency-modulated oscillator
operating at about five megacycles, and
its function as a part of the synchroniz-
ing system is to insure the constancy of
the mean frequency of this oscillator,
and hence of the final output frequency
(42 to 50 megacycles) to be obtained
by doublers following the oscillator.

There has been in use for some years
a method of synchronizing two fre-
quencies wherein the {requencies are
combined in a modulator to produce a
rotating magnetic field whose speed and
direction of rotation correspond to the
amount and sense of the frequency dif-
ference. As a small armature, geared to
the tuning condenser of one oscillating
source, brings the frequency back to-
ward synchronism, the speed of rota-
tion of the field decreases and the arma-
ture slows down, coming to rest when
exact synchronism is attained.

At first thought, one would not ex-
pect such a device to be applicable in
an ultra-high-frequency system because
the departures in frequency are so great
as to be beyond the capacity of a me-
chanical system to follow ; but when the
frequency is reduced by the dividing
process to the order of 5000 cycles, or
1/8000th of the output frequency, we
find that variations of hundreds of kilo-
cycles in the output frequency are rep-
resented by variations of only tens of
cycles, so that with a low-frequency
crystal oscillator as the comparison
standard we obtain a rotating magnetic
field readily followed by the armature.
So effective and immediate is the con-
trol that if the output frequency through
some cause were to depart suddenly by
as much as four lundred kilocycles
from its assigned value. it would be
returned to exact synchronism in two to
three seconds: while gradual changes
in frequency of as much as several
megacycles will also be corrected be-

Left to right: J. R. Poppele, Edwin H. Armstrong and Alfred J.
McCosker at the dedication of W2XOR, WOR's new f-m station.

tional to the audio rate at which the
swing is produced. The frequency
swings employed in wide band frequency
modulation are so great as to entail
phase deviations of thousands of de-
orees; that is, the frequency modulated
wave is alternately advanced and re-
tarded by many complete cycles witl.
respect to an unmodulated comparison
wave. When a high order of irequency
division is introduced, however, the fre-
quency swing becomes small while the
audio rate is unchanged. so that the
phase departures due to modulation are
then only a few degrees.

The magnetic field in the control de-
vice therefore oscillates only slightly
at audio frequencies about its mean po-
sition, and the oscillation is not fol-
lowed by the motor because of its in-
ertia; the slightest change in mean fre-
quency, however, produces a continuous
rotation of the field and is corrected at
serves two important purposes: to re-

REACTANCE OUTPUT QSCILLATOR
CONTROL TUBES TUBES .
] ” I o= " ":
)
== 44
] T THiH q i
1
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= e X6y
1 ] —_L ! s =
T | &
| 7] 0 |
i S
__________________ e

MOTOR

Fig. 3. Schematic of the frequency modulation circuit.

cause the change is followed continu-
ously.

Tt is well known in frequency modu-
lation theory that the phase deviations
are directly proportional to the fre-
quency swing and inversely propor-

duce the whole phenomenon to a time
scale suited to electromechanical opera-
tions, and to obscure the effects of mod-
ulation so that only changes in the mean
frequency, or total number of cycles per
second, can influence the frequency con-

once. The frequency divider, then,
trol mechanism,

Not long ago 50 kilocycles was re-
garded as an extremely low frequency
for quartz crystals. The appearance of
a S-kilocycle crystal oscillator in the
block diagram of Fig. 2 is a reminder
that advances in the frequency range
of radio equipment are not being con-
fined to the high-frequency end of the
spectrum. This is a low temperature
co-efficient crystal oscillator giving the
same per cent stability as obtained in
the best broadcast crystals. The stability
is well under one part in a million per
degree Centigrade. making temperature
control unnecessary.

The system of frequency control de-
scribed above is unique in a number
of characteristics. For one thing, the
stability is identically that of a single
crystal oscillator, unaffected by any
beating process with other oscillators,
or by changes in gain or frequency
characteristics of associated circuits,
There are no temperature-controlled
networks for converting frequency
changes into amplitude changes, open-
ing the door to errors due to gain fluc-
tuations; everything in the control sys-
tem is kept in terms of frequency. In
the second place, the actual control ex-
ercised on the oscillator to maintain its
mean frequency is mechanical, involving
a variable condenser: and heing me-
chanical, when the oscillator is brought
to the correct frequency it is [eft there,
without the necessity of any sustaining
voltage.

Mechanical control, moreover, com-
pletely relieves the frequency modulat-
ing elements of any connection with the
stabilization of the mean frequencv. so
that these elements mav always he op-
erated at the ontimmm point for linear
modulation. Finally, the entire synchro-
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nizing system, including the crystal os-
cillator, is completely external to the
program-carrying part of the trans-
mitter,

Circuit Design

Frequency modulation holds such
promise as a vehicle for high-quality

voltage rating up to 100 megacycles.
Two of these in the 40-50 megacycle
range deliver 1000 watts for f-m with
great ease.

Speech Input

Special speech-input equipment® de-
signed to accompany the f-m trans-

Showing the new desk type speech-input equipment adaptable for
use with either frequency modulation or amplitude modulation stations.

noise-free  broadcast service that it
obviously justifies the production of
a transmitting circuit design of ex-
tremely low distortion and background
noise level. By modulating at a carrier
frequency of five or six megacycles,
where the phase deviations are large,
the difficulty encountered at low initial
frequencies from phase modulation due
to power supply hum and microphonics
1s removed. In synchronized frequency
modulation, moreover, the complete
separation of the two functions of modu-
lation and frequency stabilization per-
mits the use of push-pull reactance con-
trol tubes for modulating the oscillator,
so that ripples in bias or plate voltage
supplies do not modulate the frequency.
The balanced circuit (Fig. 3) employed
for these tubes and for the oscillator,
together with other refinements in de-
sign, permit a frequency excursion of
hundreds of kilocycles on either side
with very low distortion,

Following the modulated oscillator in
the 503A-1 equipment are four pen-
tode stages, three of them being doub-
lers, and all extremely simple in design.
At the final output frequency two triode
stages increase the power to 1000 watts
for transmission to the antenna. These
triode stages use the 356A and 357A,
stemless and baseless ultra-high-fre-
quency tubes in the molded hard glass
type envelope. The 357A is rated at
350 watts plate dissipation, with full

mitter is shown in accompanying illus-
tration—a block diagram of the equip-
ment is given in Fig. 4. This apparatus
was designed to meet the following re-
quirements :

(1) Wide frequency range—from 30
to well beyond 15,000 cycles.

1204 aMPLIFIERS MIXING
(PRE - MIXING} NETWORKS
MIXING

JACKS CONTROLS
S
:

m (3} MICROPHONE

FROM KEY
STUDIO

MICROPHONES D

300a =
REPRODUCER m (7}
PANEL

SPARE ——
LOW LEVEL
PYT LINES | ——

MICROPHONE

LINE
FROM KEY
INCOMING
PROGRAM
LINES 5
FROM
KEY
VARIABLE LINE
EQUALIZER € KEY

Fig. 4. Block diagram of the

(2) Adequate net gain—ample mar-
gin over normal requirements to pro-

3See article “WOR Installs Custom-built High-
Quality Speech-Tnput System Designed for FM”,
by J. E. Tarr, p. 10, August, 1940, Pick-Ups.
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mote ease and flexibility of operation.

(3) Improved signal-to-noise ratio—
a close approach to theoretical limits
throughout the normal range of control
adjustments, and better than 60 db at
normal gain,

(4) Adequate overload margins —
ability to deliver normal program level
over a wide range of control adjust-
ments and with uniformly low harmonic
distortion.

(5) Simplicity of control—maximum
compatible with full operating flexibility
of a complex system.

(6) Maximum reliability—ability to
deliver program even during partial
equipment failure.

(7) Advanced mechanical design—
compactness without sacrifice of acces-
sibility for servicing; clean-cut, modern
appearance and flexibility to permit
assembly of equipment in various ways
to meet various operating requirements.

(8) Use of standard components—
the desk assembly is composed of stand-
ard apparatus available from the West-
ern Electric Company.

(9) New basic structure—harmoniz-
ing with modern steel studio' furniture
design, with the probability that struc-
tural units of this type will be standard-
ized.

A table unit with pedestal and turn-
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new speech-input equipment,

table at each end is shown in an accom-
panying illustration. Such an assembly
together with a separate power-supply
cabinet will take care of elaborate studio
installations,

-
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Book Reviews

AN INTRODUCTION TO VECTOR
ANALYSIS, by B. Hague, published
by Chewmical Publishing Co. of N. Y.,
148 Lafayette Street, New York City,
1939, 118 pages, price $1.50.

Year by year the communications en-
gineer finds himself increasingly confronted
with the necessity for at least a working
knowledge of vector analysis. More and
more, the literature of communication en-
gineering implicitly assumes a knowledge
on the part of the reader of this most im-
portant subject. Nevertheless, the practic-
ing engineer can ill afford the time neces-
sary to study three-hundred to five-hun-
dred pages which are mainly devoted to
the geometrical and mechanical applications
of vector analysis in order to obtain some
comprehension of its significance with re-
gard to electricity and communication en-
gineering. The present book, therefore,
will enable the engineer to acquire a
knowledge of vector analysis in the mini-
mum of time, for, except when he is de-
scribing the underlying mathematical prin-
ciples, the author restricts himself almost
exclusively to their application to electri-
cal phenomena.

The author’s name is, of course, familiar
to all electrical engineers as the author
of Alternating Current Bridge Methods,
which is a standard on this subject. As
painstaking and authoritative a work as his
book on a-c bridges is, it must neverthe-
less be confessed that it is is written in a
rather dry and pedantic style. The re-
viewer calls this to attention in order to
contrast it with the beautifully lucid and
interesting style which Professor Hague
offers in An Introduction to Vector Analy-
sis. For, not only does the author write
with unusual clarity but he is also very
careful to point out possible sources of
confusion to the reader. Whereas most
authors on vestor analysis take for granted
that their readers will have no difficulty
with the non-cummutative nature of vector
products, Professor Hague carefully calls
this, as well as other sources of confusion,
to the attention of the reader.

For either the engineer who is un-
familiar with vector analysis or the en-
gineer who is desirous of reviewing the
subject this book is highly recommended.

R. L

APPLIED ACOQUSTICS, second edition,
by H. F. Olson and F. Massa, published
by P. Blakiston’s Son and Co., Inc.,
1012 Walnwut Street, Philadelphia, Pa.,
1939, 494 pages, price $5.50.

The second edition of this text has been
considerably enlarged and revised, with
the result that the communication and
acoustic engineer will find its usefulness
greatly enhanced. Although the authors
assume a familiarity of differential equa-
tions and vector analysis on the part of
the reader, sufficient descriptive matter has
been included so that the engineer who has
grown mathematically rusty will also find
this book of great utility in his work.

The treatment is mainly theoretical in
character but, as its title implies, this book
is mainly concerned with the practical as-
pects of electro-acoustic equipment. The

major emphasis of the book is placed upon
an analysis of microphones, telephone re-
ceivers, and loudspeakers, although other
topics, such as acoustical measurements,
architectural acoustics, measurement of
noise, and physiological acoustics are also
dealt with. It is unfortunate, however,
that such sketchy treatment has been given
to the chapter on Electrical Apparatus For
the Acoustical Laboratory, and it is to be
hoped that future editions will find this
section considerably enlarged. Only two
minor errors were noted: (1) footnote 17
on page 136 should read Vol. X, No. 3,
and (2) in Fig. 5.38 on page 139 the
numeral 5 is missing from the large dot
at the extreme left of the figure.

This book is recommended to all com-
munication engineers. R. L.

TABLES OF THE EXPONENTIAL
FUNCTION e*, by the Federal Works
Agency, Works Projects Administra-
tion, conducted under the sponsorship
of the National Bureau of Standards,
1939, 535 pages, price $2.00. (Remit-
tances should be made payable to the
“National Bureauw of Standards.”)

The title of this book is self-explana-
tory, the book consisting of a series of
tables for this function both for positive
and negative values of x. Unlike similar
tables of this function which appear in
practically all engineering handbooks and
which have almost no utility, the present
tables have great practical value.

In all there are eight different sets of
tables which differ in practical utility de-
pending upon the particular problem in
hand. The number of significant figures
is unusual, and varies from twelve to
nineteen.

Although it is already noted in the
heading, the price is once again called to
your attention, for at $2.00 this book be-
comes a necessary addition to every en-
gineer’s library.

This book is unqualifiedly recommendel(j.

R. L.

SUPERSONICS: THE SCIENCE OF
INAUDIBLE SOUNDS, by R. W.
Wood, published by Brown University,
Providence, R. 1., 1939, 158 pages, price
$2.00. '

Although the existence of inaudible
“sound” waves has been known for a long
time it was only since the first World
War that any intensive investigation was
made regarding the properties of super-
sonic waves. In recent years research
work on supersonic waves has accelerated
to such an extent that not only have many
of their physical characteristics been dis-
covered but, in addition, these waves have
found industrial application.

Despite the fact that a considerable num-
ber of papers pertaining to supersonics are
appearing in various journals, books on
this subject are indeed rare. Accordingly,
this book makes a welcome addition to the
engineer’s library, particularly in view of
the fact that its author was one of the
pioneers in the field.

Professor Wood’s excellent summary of

supersonics is divided into two main sec-
tions, the first concerning itself with the
historical development of supersonics, while
the latter deals with the physical and bio-
logical effects of these waves. The proper-
ties of supersonic waves are so unusual
that it is greatly to be hoped that this book
becomes as widely read as it well deserves.
R. L.

HIGH FREQUENCY ALTERNATING
CURRENTS, second edition, by K. Mc-
Ilwain and J. G. Brainerd, published by
John Wiley and Sons, Inc., 440 Fourth
Avenue, New York City, 1939, 530 pages,
price $6.00.

The fact that all available copies of the
first edition of this book have become ex-
hausted appears to have occasioned the
authors some surprise. Just why this
should be so is a little difficult to under-
stand, for the fame of this excellent text
is so far-reaching that in the reviewer’s
opinion not only will this new second edi-
tion become likewise exhausted, but all fu-
ture editions will meet the same well-
deserved fate. And this, not despite, but
just because of its rigorous mathematical
treatment.

Although some sections of the book pre-
suppose a knowledge of differential equa-
tions and vector analysis on the part of the
reader, the majority of the work can be
read without familiarity of these topics. A
grasp of the symbolic treatment of alter-
nating current theory is, however, pre-
requisite.

While the authors verbally qualify the
validity of equation 18e on page 35 and point
out that it is true only for a very special case
(and incidentally one rarely encountered in
practice), it is confusing as it stands. The
full equation might just as easily have been
given, for the additional terms would cer-
tainly have caused no dismay in the reader
of a book as full of equations as this one.
On page 107, the lowest ordinate numeral
of Fig. 55 should be 1.0 and not 0 as given.
The reference on page 132, four lines from
the bottom, to Fig. 133, is obviously wrong.

The authors’ analysis of the triode is
unusually good. On the other hand, they
dispose of pentodes in less than half a page.
Nor do they return to them when they dis-
cuss radio-frequency amplification, for their
analysis is based on r-f triode amplifiers
which are completely in the discard today.
The discussion of Electromechanical Sys-
tems should prove of considerable interest
to the communication engineer.

As is customary in books written by
members of the teaching staff of a univer-
sity, no answers to the problems are given,
thereby considerably lessening the value of
the book for the practicing engineer.

R. L.
e o o

BOOK CATALOG

The new 1940 catalog of technical and
scientific books of the Chemical Publish-
ing Co., Inc., 148 Lafayette St.,, New York
City, N. Y. contains many new titles.
Books in nearly all technical and scientific
fields have been added to the previous
works,
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TOP PERFORMANCE
BY EVERY 1est

aND EVERY G-t rm TRANSMITTER

PASSES 100%

UICKLY, accurately, G-E engineers determine by thorough square-wave

measurements the over-all performance characteristics of every General
Electric FM transmirtter. Carefully they check frequency stability in the G-E
“torture chamber’ at temperatures from freezing to 122 F.

Noise level, cross modulation, linearity—from every

angle General Electric proves the capabilities of These typical square-wave

each unit before it goes onto the job. That is your - casurements show an a-f

assurance of dependable, high performance at low harcteristic that is flet

o within +0.5 db from 15
to 16,000 cycles.
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Features Like These B

in G-E I:M Transmitters’
- Speak for Themselves

EXCEPTIONAL Over a room temperature range of 32 to 122
® FREQUENCY STABILITY  F, stability is. . ...« @@ @ooeeeeoo +0.00259%

e g o

At 1009} modulation, FM noise is down from

signal level .. ... ..o 70 db

| @ FULL DYNAMIC RANGE

|
| SMALL TUBE All G-E tubes. Entire 1-kw transmitter requires only 3]
COMPLEMENT
SMALL SIZE Completely self-contained. Floor space re-
quired by 1-kw transmitterisonly .. .. ... .. 9.3 Sq ﬂ

AMAZING FREQUENCY  A-f characteristic from 15 to 16,000 cycles is +.I db
' RESPONSE flat within. . ... ... ... . . ==

ACCESSIBILITY TO By merely opening main doors, all tubes are
. ALL TUBES accessible.. . . ... .. ... : INSTANTI-Y

General Electric offers a complete line of FM  also FM police and emergency systems.

'Tl equipment: 250-watt agd -, 3-, 10-, and 50-kilo- Complete information can be obtained through
1 watt broadcast transmitters; 50-watt relay trans- ;v of the 80 G-E sales offices (in principal cities).
i . mitters; G-E transmitting tubes; G-E crystals; Consult our local representative, or write General

i FM antennas; FM home and station receivers; Electric, Schenectady, N. Y.

*Designed by General Eleceric under Armstrong license

GENERAL () ELECTRIC

160-4
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Some Notes oN Diobe DeTecTiON

I. Diodes-Rectification Curves

HE diode detector is in almost uni-

versal use today as a demodulator,
but its circuit design is far removed
from that of the early Fleming valve.
Its present-day popularity is due to its
ability to handle reasonably large sig-
nals without overloading, its charac-
teristic of linear detection of large sig-
nals, and ability—if required—to fur-
nish the variable bias necessary for
a-v-c¢ with simplicity.

A linear detector is one whose out-
put is a faithful copy of the envelope
of the modulated high-frequency wave
impressed upon it, i.e. the former is di-
rectly proportional to the latter. Such
detection is facilitated by the use of
an ideal diode. An ideal diode is one
whose impedance to current flow in one
direction is zero, and whose admittance
to current flow in the opposite direction
is zero. Actual diodes practically meet
the latter condition, but not the former,
since they present a finite, usually non-
linear resistance in the conductive di-
rection,

An clementary diode circuit is shown
in Fig. 1. The high-frequency source
impedance is assumed zero. The con-
denser C. is assumed to have neg-
ligible reactance at the high carrier fre-
quency, f., and to have negligible
susceptance at the low modulation
frequency f.. We shall first, however,
assume that e. is unmodulated, that is
of constant amplitude. The rectified out-
put voltage, ey, will therefore be d-c.
Its magnitude, as well as that of the
current flow through the diode, could
be found by the methods described in
another paper’, but these become very
involved when e, is assumed to be mod-
ulated, and various impedances present
in the actual circuit are taken into ac-
count. Accordingly, a simpler, although
more approximate method is to be
sought.

For steady amplitude of e., er, can be
found experimentally as well as graphi-
cally. Thus, first—by the Compensa-
tion Theorem—the impedance Z. can
be replaced by a zero impedance d-c
source, e, so poled as to oppose current
flow through the diode. If a constant
value of e. is impressed as well, and its
peak amplitude exceeds e, rectified cur-
rent will flow through the diode, and its
d-c component, i, can be measured. If

1“Graphics of Non-Linear Circuits”—Part I,
Sec7tton IV—A. Preisman, RCA Review, July,
1937.

By ALBERT PREISMAN
RCA Institutes, Inc.

e is varied from the peak value of e.
to zero, i will vary from zero to some
maximum upper limit and give rise to
an e-i curve similar to an ordinary i,-e,
curve for a triode. If e. is now ad-
justed to another fixed value, another
curve will be obtained, and so on until a

B,
® e

da wl
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Above: Fig. 1—Below: Fig. 2.

A

&)

A ()

|
|
!
|
[

!
|
l

-—e £ DO C o

whole family is developed. This is
shown in Fig. 2. The curves are ap-
proximately equidistant in spacing, and
are known as rectification curves for
the diode. It will be noted that they
proceed from right to left as e. is in-
creased, and also that these curves can
be obtained at a conveniently low fre-
quency for e..

If e is now replaced by Z,, i and e,
(in place of e) must satisfy the re-
lationship that iRy = e;. For any value
of e, 1 can be found from the graphical
solution for Ry and the diode in series.
Thus, the load line for Ry is laid off
as OA, and its intersection with the
diode family at B gives the output cur-
rent BC for a peak a-c (carrier) volt-
age, €. The diode curves can repre-
sent by their slope the non-linear in-
ternal resistance of the diode, ro. Then
DO can represent an equivalent d-c
voltage generated in the circuit, of value
equal to the maximum value of e.,. The
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portion DC is lost as voltage drop
across the diode, and the remainder CO
is available across Z,. If Z,>> Iy,
then it can be seen that CO is prac-
tically equal to the maximum value of
ea, and DC approaches zero. This is
usually the case in actual practice. The
diode thus approaches the ideal diode in
performance.

Now suppose e. represents a modu-
lated wave, of the form

e. = E. (1 + msin ®nt) sin @t

.................. 1)

where o, = 2xf,, the low, modulation
angular frequency, and w.— 2xf,, the
higher, carrier angular frequency. It
is evident from Eq. (1) that the ampli-
tude of e. may be regarded as made up
of a constant value, E., and a variable
quantity, of peak magnitude mE., and
varying at a frequency f.. Suppose in
Fig. 2 that ew — E.. Then BC and
CO represent the constant components
of the output current and voltage re-
spectively. The variation in amplitude
due to mE, produces a path of opera-
tion along AQO. Assume, specifically,
that m = 1 (100% modulation) and
that this carries the operation from
B to A, and from B to O. The output
current then varies from BC to AE
and down to 0 (zero), or it has an
a-¢ component as well as the d-c¢ com-
ponent BC which alone is produced
when there is no modulation (m = 0).
Similarly, the output voltage has a vari-
able or a-c component of peak-to-peak
value EO, as well as the d-c com-
ponent CO. It will be noted that the

/77
e

/\\
5\ //}, mec
/

“m
% Ec
Fig. 5.

output voltage and current can follow
the input carrier up to 100% modula-

tion. If the diode family consists of

straight lines of equidistant spacing,
then from the geometry of the figure
it is evident that the output voltage will
be a constant fraction of the envelope
of the input, and there will be no dis-
tortion, i.e. linear detection. In par-
ticular, if ro = 0, the diode curves will
be vertical, and e, will be equal to the

i
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amplitude of the envelope, that is, the
above-mentioned fraction will be unity.
This ratio or fraction is known as the
detection efficiency. If the diode family
is curved, and Ry is low relative to rq, it
is evident that the detection efficiency
will vary over the path of operation,
and hence over the modulation cycle,
and also will be less than unity.

2. Input Impedance

The output load, Z., or more speci-
fically, Ry (assuming C. has negligible
susceptance at the modulating fre-
quency) presents a certain equivalent
resistance to the source of e.. The
value of this resistance, call it R, in-
volves rq as well, and in practice is in-
fluenced by the other impedances in the
circuit, such as that of C. (if appre-
ciable), and of the source. However, a
fair approximation to R. may be had
as follows.

The actual current wave shape
through the diode is a series of narrow
pulses, which represent the charging
current of C, as it charges up to the
peaks of e. through ra. As e. passes
from its positive peak value down to
its peak negative value, C, discharges
more slowly through the higher resis-
tance Rp. The action of the diode is
thus determined by two time constants:
the charging time constant Cprg, and
the discharge time constant C.R.. For
a constant amplitude carrier of peak
value E., the output voltage e, the in-
put voltage e. of peak amplitude E.,
and the diode current i4, are as shown in
Fig. 3. The wave form for e, is ex-
actly that for an ordinary condenser in-
put filter. If Rp>>rq, and 1/wCy is
negligibly small, the ripples in e, are
negligible, and e, is practically equal
to E.. In this case ia consists of ex-
ceedingly narrow impulses. It is an
interesting fact that such a wave form
for ia, when analvzed into a Fourier
Series, vields a fundamental a-c com-
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ponent, i. (of frequency f.), which is
practically twice the d-c component i..
This is practically true regardless of
the wave form of the pulses, so that

we may set
T3 =l

As the pulses become narrower and
narrower, (2) approaches an equality
more and more closely. This is the case
as Ry exceeds ra more and more, and
such are the conditions in normal prac-

wave itself. If f.>> f., this clipping
can be avoided by a suitably low choice
of the time constant C Ry, Fig. 3 must
now be replaced by Fig. 4. Actually
the pulses of is during inward modula-
tion will be less than those during out-
ward modulation because of the fact
that Cp cannot discharge as rapidly

X
R

—
%
—?
r\~
3
E—
A Y

—
DN
4
<
[
0

|

{'Cﬂ‘)

U U

Fig. 4.

tice. If Ry does not greatly exceed ry,
then as the pulses become broader their
shape is of more consequence, and i. de-
creases from its value of 2i,. Over
quite a large range of practical values
of Ry and r4, such as, for instance, spe-
cific values of 14 megohm and 5000
ohms, respectively, (2) is practically an
equation. From the above it is ap-
parent that R, appears to the source of
e. as one-half of its actual value—i.e.

Riz= ¥Ry

A further refinement is to take rq4
into account as well as Ry, so that some-
what more accurately

R. =% (R +ra)
However, as stated above, rq is usually

negligible in broadcast practice as com-
pared to Ri.

If e. is a modulated wave, further
complications arise. If the envelope
drops too rapidly, C. in conjunction
with R, may fail to follow this drop,
and the inward peaks of modulation
will be “clipped” and the output dis-
torted. The rectifier is now rectifying
the envelope as well as the carrier

through Ry as it can charge through
rq, but this factor will be ignored, and
the pulses represented as varying sym-
metrically with the envelope. This
corresponds to the pulses and com-
ponents of i, of Fig. 3 being modulated
by the factor m sin wa.t. As a conse-
quence, instead of i,, we have an output
current composed of the d-c component
i,, acting as a (d-c) carrier for an a-c
wave im of frequency {.. Similarly,
the high frequency component is icm,
which in turn can be broken up into
a term of constant amplitude, i., of fre-
quency f., and two side bands, icmi, Of
frequency (fc + fm), and icme, of fre-
quency (fo—1m).

It is evident that, similar to Eq. (2),
the following approximate equations

hold :
i 2i,

femi + feme  2im
If, tentatively, icm: is assumed equal to
icmz, then

icml = leme = im
We now have, in addition to Eq. (4),
the following:
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Rcml — Rem‘_’ ; (RL + rd)

where Ren, and R.,. are the apparent
impedances which (Ry + r4) presents
to side band voltages of frequencies
(fe + fu) and (f. —{.) respectively.

These two apparent impedances can
be combined into a single equivalent
impedance of 2 (Ri. + r4) in the fol-
lowing manner.

In Fig. 5 is shown a vector repre-
sentation of a modulated wave®. The
carrier voltage vector, of constant
amplitude, is shown as E.. Around it
rotate in opposite directions at a fre-
quency f., the two side-band voltages,
each mE./2 in peak amplitude. Their
resultant at any instant, me,, is clearly
collinear with E., and varying at the
frequency f. from a positive peak
amplitude of mE. to a negative peak
amplitude of — mE.. The equation of
this voltage is thereiore

e = me,
= (msin w,t) E, sin .t
.............. (8)

We may regard the quantity
(msinwy,t) as a modulating operator
of the carrier voltage E.sinw.t, and
its product by E. also represents the
equation of the envelope. At any rate,
to e = me,, the apparent impedance of
the diode load is

R’(\]n = (VZ) Rcml
= (72) Rine
= (%) (Ru+rd) ... (9)
Now suppose that C; does not have
negligible susceptance to ey, that is—C,,
bv-passes Ry, appreciably at the modula-
tion frequency f.. Then the a-c com-
ponent of i, must be broken up into
two quadrature components: one, lyc
through Cy that leads the a-c component
of ey by 90°, the other, i« through
Ry, that is in phase with e;. The total
must have been produced by a modu-
lated carrier current capable of pro-
ducing this through the diode.
Consider a modulated carrier current
whose equation is
i=I[1l+ msin (w,t+0)]
SINWet  ay g70diea 3 #os Lo (10)

This can be expanded into the form

i=—TIsinw.t— (ml/2)

cos (w.t + wat + 0)
+ (mI’2) cos (o t—w,t—0)
.............. (1)

The process of detecting or demodulat-
ing this current consists (among other
things) of beating the side bands with
the carrier. The two difference beat
frequencies will be

1/2 [sin (wmt + 0)
+ sin (omt + 8) ]
= i, sin (wut + 0) ...(12)

*See, for instance, I.anort—“Characteristics_ of
Amplitude Modulated Waves,” RCA Review,
April, 1937,

The vector diagram for the current
defined by Eqs. (1) and (11) is shown
in Fig. 6 at the instant t = 0. The
reference axis is along the vertical.
If O were not present, the lower and
upper side bands would be respectively
vertically up and down at this instant of
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Above: Fig. 6—Below: Fig. 7.
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time. The presence of O causes both
vectors to take up the positions shown.
Thus the lower side band (L.S.B.) lags
from the vertical by ©. Their resultant
nevertheless remains collinear with the
carrier, so that no envelope distortion
occurs. The envelope, lLowever, re-
garded as a wave shape, leads its posi-
tion for O = 0 by the quantity 0. This
wave, upon detection, gives rise to an
a-c current of frequency f{.., that leads
the voltage ey by the angle 0. But it
is evident from the preceding discus-
sion that ey is m phase with the en-
velope of the modulated voltage wave
me.. Hence a modulated current i

L

|
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Above: Fig. 8—Below: Fig. 9.
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whose envelope leads that of the modu-
lated voltage me. by the angle O, and
whose upper and lower side bands
therefore lead and lag, respectively, the
corresponding side bands of the volt-
age wave, give rise to a demodulated

Cog
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current iy, which leads the demodulated
voltage ey, by the same angle 0.

We may at least expect the converse
to be true, namely—if i, leads e by 6,
then the modulated high-frequency cur-
rent has upper and lower side bands
that lead and lag those of the modu-
lated high-frequency voltage. At the
same time, since the actual current is
in the form of pulses, the sum of the
side band currents is twice iq.

We shall now attempt to find a form
of impedance which, when placed di-
rectly in the high-frequency circuit, has
the same effect upon the current com-
ponents as Z, acting through the diode.
This effect can be expressed in this
manner: the diode translates the side
bands down in the spectrumi from the
carrier frequency f. to a zero frequency
carrier. The lower side band would
therefore have a negative frequency (be
below zero in frequency). A negative
frequency is physically equivalent to a
positive frequency, i.e., the angle of the
lower side band is reversed in sign, and
thus the two side bands become di-
rectly additive. In the case of the
upper and lower side band currents re-
spectively leading and lagging the cor-
responding voltage side Dbands, the
translation through detection produces
the following results. The lower side
band voltage becomes one of negative
frequency and hence becomes directly
additive to the upper side band to form
the total voltage e, (a-c component) ot
frequency f.. The lower side band cur-
rent becomes one of negative frequency
and lagging angle 0. Upon reversing
to obtain a positive frequency wave, 0
changes sign, too, to become a lead-
ing phase angle. The lower side band
current thus becomes in phase with the
upper side band current after detection,
and 1s therefore directly additive to the
latter, to form a total current, i, (a-c
component) which leads e, by the angle
6. This is a very striking and interest-
ing feature of detection.

The high-frequency impedance equiva-
lent to Z. is a parallel resonant circuit
shunted by a resistance, Fig. 7(A).
Suppose it is anti-resonant at f.. Then

LC =/ 0 ot i ca il (13)
The impedance at this frequency is evi-
dently simply R, and this corresponds
to (Ruo+r14)/2 by Eq. (7). Now
consider the admittance A of the LC
portion of the circuit at the frequencies
(f. = {..), i.e—at the upper and lower
side band frequencies, respectively.

A=1/j (w.*o0,)L

+j(wexon)C ....(14)
Fq. (14), in conjunction with Eq. (13),
gives
(Continued on page 22)

3See “Wheeler—“Design Formulas for Diode
Detectors’—J/RE Proc., June, 1938.
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VETERAN WIRELESS OPERATORS

)

ASSOCIATION NEWS

wW. J. McGONIGLE, President

RCA BUILDING, 30 Rockefeller Plaza, New York, N. Y.

GEORGE H. CLARK, Socrotary

E. A. Nicholas—Life Member

\\/TE mtroduce to our members and
readers, this month, one ot our most
prominent Life Members, E. A Nicholas,
Fresident of the Farnsworth Television
and Radio Corporation. His wireless career
began as a wireless operator with the
United Wireless Company back in 1909 for
whom he served on many vessels. ILater he
was promoted to shore duty at New Or-
leans and then became Superintendent of
the RCA Marine Division on the Great
lLakes. In 1924 he served as .\ssistant to
Mr. Sarnoff, then Vice-President and Gen-
eral Manager of the Radio Corporation of
America.

Excepting a short period during which
Nicholas headed a wholesale distributing
company in Chicago, his service in the
radio business has been with the Radio
Corp. of America and its predecessor, Mar-
coni Wireless Telegraph Co. of America,
which he joined in 1912, In the World
War period he was a wireless operator in
the merchant marine.

During the early period of his associa-
tion with these companies Nicholas held
various positions and in recent years lhe
served as Sales Manager of the eastern
division of Radio Corp. of America, Vice-
President in charge of sales of RCA-Vic-
tor Co. and Manager of the licensing
division and a member of the advisory
board of RCA.

Nicholas, in 1930 and 1931, was Presi
dent of E. A. Nicholas, Inc., of Chicago,
wholesale distributor of RCA products.

The Farnsworth company, with plants at
Fort Wayne and Marion, Ind, manufac
tures and sells radio receivers and radio-
phonographs, television transmitting and
receiving apparatus and other special elec-
tronic devices.

The company, incorporated Dec. 13
1938, acquired its plants in Apnil. The
tart of production in September was pre-
ceded hy five months of preparatory plan
ning and building, during which Nicholas
carried the principal burden. He formulated
the licensing policies adopted by the com
pany and carried on negotiations with pros
pective licensees. One result of this work
was the signing of a broad patent license
agreement between Farnsworth and Radio
Corporation of America. Under the diree
tion of Mr. Nicholas, the company’s pro
gram of research, development and manu
facturing was worked out. He also guided
the building of an executive staff and
supervisory force, re-arrangement of the
company’s manufacturing plant, designing
of new products, formulation of sales and
advertising plans, selection of skilled work
ers, the beginning of production and the in
troduction ot merchandise

The magnitude of the task performed by
Nicholas in this preparatory period, con
stituting a remarkable feat in orgamza
tion and planning, has attracted wide atten

E. A. Nicholas, President of the Farnsworth Television and Radio
Corporation, who recently became a Life Member of the YWOA.

e

[ —

tion throughout the industry

Mr. . A. Nicholas is one of the coun
try's outstanding exccutives in the radio
field. s selection, in February, 1939, hy
the board of directors, was based on lus
record of accomplisliments during a long
carcer 1 the idustry

We congratulate 1ZAN on a long and
notable career in the radio ficld and on
hehalf of all VIAWVOA members we extend
our best wishes for his continued success,

Marconi Scholarship

I. R. Poppele, Sccretary and Cluet Fn
gineer of the Bamberger Broadeasting

Service and hairman of our Marcom
Memorial  Scholarship  Connmittee,  an
nounces a winner for our Sccond Annual

Schotarship at RCA  Institutes 1 Radio
and Electrical Commumcation
he contest for the Scholarship was

participated in by members of science
clubs in high schools all over the United
States and was conducted hy the Amen

can Institute of the City of New York
The American Institute sponsors  science
clubs in over 600 high schools in 44 state

and the contest was open to all members
of each of them

Mr. Poppele announces that Rebert Jo
seph Stahl. a studem of Bellarmine Col
lege Preparatory School of San  Jose,
California. was the outstanding participant

in the contest.  Robert resides at 51 North
Umberiand Avenue. Redwond City, Cal
He will take the course at cither the

New York or Chicago school of RCA In
stitutes.

[t will be a great theill to Mr. Stahl to
have the Scholarship presented to him by
the “Father of Radio” Dr. Lec de Forest,
Honorary President of our Association, on
a coast-to-coast network of the Mutual
Broadcast ng Systain-—the program orig
mating in the studios of KHJ, Los An
geles. The presentation will be made on
Saturday, August 17, 1940,

De Forest Day

The combined efforts of all engaged in
the radio and allied fields on the Pacific
Coast arc being enlisted by Leroy Brem
mer, Sccretary of the Los Angeles-Holly
wood chapter of our Association, in the
furthering of the plans for “DE FORES
DAY” at the San Francisco World's Fair
on Saturday, September 7, 1940. There 1
no question but that this event will be a
most outstanding one in the life of the
“Father of Radio” and alil interested are in
vited to participate. Communications rela
tive to this ‘“day” should be addressed to
Leroy Bremmer at the National Schools,
Los Angeles, or to Gilson Willets, Chair-
man of the San Francisco Chapter, in San
Francisco. Our best wishes from the East
Coast for the success of “DE FOREST
DAY”
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Osci"ai’or-— continued from page 9

low Qg brings down the entire grid frequency curve.
The combination of Q. and Q; may determine whether
there will be oscillation at all, and if so, what its fre-
quency will be. Generally, one may state that the point
of the intersection falling too far to the right on the
chart of Fig. 5, indicates a large phase angle of feasible
oscillations, hence, poor efficiency. In each particular
case power output and efficiency can be calculated by
the graphical method using the constant current chart
for the tubeZ.

If the intersection of the frequency curves falls within
the “dead zone,” no oscillation can be produced. Gen-
erally speaking, this would usually correspond to a low
Qa and a high Q.. From this viewpoint a low Q in the
anode and a high Q in the grid circuit are favorable
for the suppression of oscillation in an amplifier.

(3) The value of C,; determines both the feed-back
resistance Ry and the reflected capacitance C,. With a
decreasing C,,, the first factor increases, hence the dead
zone widens, and it becomes more difficult to produce
oscillations. This justifies the use of the screen grid
tubes in amplifier circuits. In these tubes, as is well
known, the plate-to-grid capacitance is reduced to its
physical minimum.

(4) Amplification factor, u appears in the expression
(9) for A, and A,, both of which are directly propor-
tional to u. From equations (9), (1) and (2), one
can conclude that a high p makes the dead zone narrow
by rendering R, small; also, it brings the grid frequency
curve downwards by increasing the reflected capaci-
tance, Cy; hence it shifts the point of intersection away
from the dead zone. Thus, generally speaking, a high
u favors oscillations.

(5) It is more convenient to examine the role of
the load resistance R; simultaneously with that of the
tube internal resistance, R, ; one can designate

K= Rp/RL o (19)
We also have
A= DG o e e e (20)

Using % and d in equations (10) and (9), one can ex-
press the components of the voltage-ratio, A, as follows:

u (14 1/k)
A= i (21)
k(14d)4+24+1/k
and
ud
A=

k(144d) +2+1/k

From these last expressions, it is obvious that either
a very large k, or a very small 2 leads to low values
of A,, hence high R,. This means that both very high
and very low values of R,/R; are not favorable for
generating oscillations, but they are useful for suppression
of parasitic oscillations in an amplifier.

By differentiating the expression for A, with respect
to k, one will find that a maximum of A, corresponds to

Di-ode Detection—-continved from page 20

1—1F2m/0.— o’ /0.’

impedance is therefore

K= UVIEE o (22)
Since in practical cases d should not be too large in
order to avoid a large phase angle, one can assume that
L S« D S (23)
Then, the optimum values of  are given by
7 <Rs/Ra<1
On the other hand, for a fixed %, one can find the

maximum for A, by differentiating A, with respect to
d and setting 8A,/8d — 0. The solution is

Ad=1/k 41 i (24)
and
A2max=/‘/2(l +k) ................................ (25)

(6) Resonance frequency of the circuit. In the expres-
sion for R, (equation 1), the factor A, is independent
of magnitude of the resonant frequency, ; ; it varies only
with detuning, d. On the other hand, the actual fre-
quency of oscillation w,, departs but very little from
the resonance value w,. Therefore, for any particular
value of A,, the higher the order of magnitude of
resonance frequency, the lower is the feed-back resis-
tance, Ry, hence the more readily oscillations start, all
other conditions being kept unchanged. However, a
limit to an indiscriminate increase of generated fre-
quencies, may be established by the inter-electrode
capacitance, which can become greater than required for
the building of an adequate resonance circuit. In addi-
tion, when the resonant frequency becomes very high
(say ultra-high), the finite transit time of electrons in-
troduces new limitations, one of them being rapidly de-
creasing parallel grid resistance, Rg; this widens the
dead zone.

If, in a particular case, one can evaluate the positive
grid resistance, Rg, one can calculate the limiting value
of the inter-electrode capacitance which permits gen-
eration of oscillations due to the feed-back through the
tube. It will be found from the following relation :

/Rx/ = 1/ws Az Cpg SRz ................................ (26)

Using expression (25) for A, and o, for w,, one has
Coe=2(1 +k)/po:Re S S (D)
Summary

The above analysis gives one an insight into the
mechanism of the generaiton of oscillations in a tuned-
plate tuned-grid circuit; it accounts for the role of various
individual factors contributing to or interfering with this
phenomenon; and permits one the prediction, at least
approximate, of the limiting condiitons for starting or not
starting oscillations.

References

'H. Barkhausen. “Elektronen-Rohren,” 2. Band
Verstirker, §30. 1933.

’I. E. Mouromtseff and H. N. Kozanowski. “Analy-
sis of the Operation of Vacuum Tubes as Class C
Amplifiers,” Proceeding of I.R.E., July, 1935.

give rise to leading upper, and lagging

A= y AR T o lower side band currents, which, upon
j(@exoa) L T (16) detection in a pure resistive load, will

.............. (15) This is an inductive reactance to the give rise to a current i, W}_llch leads

~=*Zjo.C lower side band voltage, and a capaci- the voltage e.. Hence the impedance

since if w, >> wm, the term o’n/w.’ is  tjve reactance of equal amount to the Z is potentially equivalent to Zr. The
negligibly small. The corresponding upper side band voltage. It will thus equivalence is complete if*
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C = C; L = 1/6’.C;

because the high-frequency currents to-
tal to double i.. More accurately, rq
—the diode resistance—should appear
in series with Z for complete equiva-
lence, but in practical cases can usually
be ignored, as well as in the third equa-
tion (for R).

For on. << w., Fig. 7 (B) is prac-

tically equivalent to 7 (A) if

R—= (o’L*)/R" ........ (18)
and so either circuit may be used to
represent the apparent impedance that
the diode and load present to the high-
frequency source.

One further type of diode load of
practical interest is shown in Fig. &.
The circuit C¢ Rg permits the grid of
the following tube to be coupled to the
diode load without assuming the d-c
bias voltage developed across Ri. Its
equivalent high-frequency impedance is
represented in Fig. 9. The condenser
C, appears as L' and C" in parallel, and
these are in series with R’, which repre-
sents R,. At sufficiently high modula-
tion frequencies, C; practically passes
out of the picture, as does therefore L
and C’, so that R’ becomes simply par-
allel to R, as does R, and Ru.

OVER THE TAPE
CHANGE OF ADDRESS

The offices of the Bakelite Corporation
and the Halowax Corporation have been
moved from 247 Park Ave, New York
City, to the Carbide and Carbon Bldg., 30
Fast 42nd St., New York City. The change
was effective July Ist

SYNTHANE PRESS ROOM

Synthane Corporation, manufacturers of
Bakelite-laminated products, have just
completed a new press room addition to
their Oaks Plant. The first piece of
equipment placed in operation was a new
laminating press for handling  special
lengths up to 100"

WORNER PRODUCTS APPOINTMENTS

L. L. Worner, President of the Worner
Froducts Corporation, manufacturers of
photo-electric equipment, have announced
the appointment of Robert H. Campbell as
General Sales Manager. Mr. Campbell is
well known in both the radio and electrical
field.

GENERAL CEMENT CATALOG

The General Cement Mfg. Co., 1041 Kil-
burn Ave., Rockiord, Ill., have recently
issued a 32-page catalog covering their line
of radio chemicals and products. Copies
may be secured by writing to the above
organization for Catalog No. 141.

FINCH BULLETIN

Finch . Telecommunications, Inc, 1819
Broadway, New York City, have recently
issued a very interesting bulletin describing
their facsimile equipment for aviation
work. Technical details are given. Write
to the above organization to secure a copy.

B

Recording Engineers!...
PRESTO AIR BLOWER ENDS
TROUBLES WITH DISC SHAVINGS

'\'L‘ Reduces surface noise . . . crackles . . . pops

3 Makes your cutting needles last longer

THE NEW PRESTO AIR BLOWER SYSTEM

Sends a tiny blast of air across the disc just be-
hind the cutting head, cleaning every particle
of dust and grit from the surface of the disc just
before it passes under the cutting needle.

NO CHANCE FOR TANGLING

The airstream whisks the shaving across the
disc and winds it in a ball on the center
spindle. No need to touch outside-in record-
ings until the record is finished.

BETTER THAN A VACUUM SYSTEM

... the airblast is kept away from the cutting
needle where it cannot produce “air noise”.

BETTER THAN A BRUSH OR WIPER

... It can’t scratch the surface of the disc or
interfere with the speed of the turntable.

Models for every type of Presto turntable
ready for immediate delivery. Special models
for other makes of turntables. Give make,
type and serial number when ordering.

FREE 10 DAY TRIAL to any Presto owner. No charge or obligation except
transportation costs. Order your Presto type 400-A Blower system today.
List price complete, ready for quick easy attachment $75.00 FOB, New York.

PREST

World’s Largest Manufacturers of Instantaneous Sound Recording Equipment
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INSTRUMENT LANDING

The International Telephone Develop-
ment Company, subsidiary of the Interna-
tional Telephone and Telegraph Corpora-
tion, has received an order amounting to
$537,547 {irom the Civil Aeronautics Au-
thority to manufacture and install airplane
istrument landing systems at the airports
of six cities in the United States: La
Guardia Field, N. Y.; Municipal Airports
at Chicago, Cleveland and Kansas City;
Mines Field, Los Angeles, and Meacham
Field, Fort Worth. .

With the exception of experimental in-
stallations, these instrument landing sys-
tems will be the first ever contracted for
by the United States Government for utili-
zation by the commercial airways,

DAVEN CATALOG

The Daven Co., 158 Summit St., New-
ark, N. J., have recently issued an interest-
ing and informative catalog containing data
on their line of attenuators, attenuator net-
works, rheostats, potentiometer controls,
resistance boxes, output power meters,
volume-level indicators, power-level indi-
cators, decade voltage dividers, logarithmic
resistors, program line equalizers, trans-
mission measuring sets, etc. Copies may be
secured by writing to the above organiza-
tion,

DUMONT CATALOG

The Allen B. Du Mont Laboratories,
Inc, 2 Main Ave, Passaic, N. J, have
made available a (8-page catalog covering
their line of cathode-ray instruments. This
booklet contains a great deal of data on
oscillographs,  cathode-ray modulation
monitors, oscillograph assemblies, ampli-
fiers, regulated power supplics, electronic
switches, television signal generator, as
well as a complete line of television stu-
dio and traunsmitting equipment. A copy of
the catalog may be secured by writing to
the above organization.

GENERAL INDUSTRIES BULLETIN

The General Industries Co., Elyria,
Ohio, have recently issued a bulletin de-
scribing their line of phonograph motors,
recording assemblies, automatic record
changers, etc. Copies may be secured by
writing to the above organization.

THE MARKET PLACE

UNIVERSAL PICKUP

A universal phonograph reproducer
which plays both the vertical cut and lat-
eral cut records has been introduced by the
Western Electric Company, 195 Broadway,
New York City. At the flip of a switch,
the new reproducer may be converted for
either type of “cut.” This convenience sim-
plifies operation and maintenance. It also
climinates all chance of selecting an incor-
rect reproducer when shifting to records
of different types because the transfer can
be made without lifting the stylus of the
reproducer from its groove in the record.
The response of the 9A is essentially flat
up to nearly 10,000 cycles for both types
of recording. Most lateral cut records are
made at a slightly higher level than those
recorded by the vertical method. Bell
Telephone Laboratories, therefore, designed
the 9A reproducer with increased sensi-
tivity for vertical recordings and thus made
the output volume of the instrument ap-
proximately the same for both types.

N. U. DIRECTORS

Reelection of S. W. Muldowny as Presi-
dent of National Union Radio Corporation
was announced following the organization
meeting of the Board of Directors. At the
same time W. R. Wilson was named
Treasurer and E. O. Sandstrom, formerly
Acting Secretary, was elected Secretary
and Assistant Treasurer.

At the company’s annual meeting, held
in Wilmington, Del., the following persons
were elected to the Board of Directors :

S. W. Muldowny, President, National
Union Radio Corporation ; Henry L.
Lrowley, President, Henry L. Crowley
Manufacturing Company ; Paul V. Galvin,
President, Galvin Manufacturing Company,
Chicago; Penn Brook, Vice-President in
charge of factories for Sears-Roebuck and
Company, Chicago; W. R. Wilson, Con-
troller, Philco Corporation: and Fred D.
Williams, Assistant to the President,
Philco Corporation.

FINCH APPOINTMENT

W. G. H. Finch, President of Finch
Telecommunications, Inc., of Passaic, N.
J., manufacturers of facsimile apparatus
and other equipment, has appointed James
W. Baldwin as Assistant to the President
and in charge of new offices in the Bowen
Building, 815 Fifteenth Street, in the Na-
tion’s Capitol. Mr. Baldwin, former Sec-
retary of the Federal Radio Commission,
comes to the Finch organization with a
great deal of experience.

SYLVANIA APPOINTMENT
The appointment of Walter R. Jones,
Emporium, Pa., to the post of Director of
Commercial Engineering, Radio Tube Di-
vision, is announced by Hygrade Sylvania.
Mr. Jones will administer and guide the
activities of the company’s engineering con-
sultants and the popular Sylvania radio
service schools which are conducted al]
over the country by Walter Jones and

George C. Connor of New York.

WARD LEONARD BULLETIN

Ward Leonard Electric Co. have an-
nounced a new, revised circular No. 507,
which describes their line of radio resistors.
Write to the above organization at Mount
Vernon, New York.

Two main assemblies, a self-contained
vibrating system and a permanent magnetic
circuit, comprise the internal mechanism.

The vibrating system of the 9A differs
basically from conventional dynamic repro-
ducers in that it employs two adjacent
voltage-generating coils instead of one.
These coils are mounted on a common
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UTC CATALOG

United Transformer Corp., 150 Varick
St, New York City, has issued bulletin
PS-404 covering their 1940-41 line of
equalizers, filters, audio transformers,
microphone cable transformers, automatic
voltage regulators, etc. The manufacturer
will send catalog on request.

CALLITE ACQUIRES HARRIS ALLOYS

Charles H. Kraft, President of the Cal-
lite. Tungsten Corporation, Union City,
New Jersey, announces the acquisition of
Harris Alloys, Inc., by his company. The
business of the former Harris Alloys will
be conducted as a division of and under
the corporate name of the Callite Tungsten
Corporation. Frederick T. Harris, former
Harris executive head, joins the Callite
Tungsten executive staff and will have full
charge of operations of this new division.
Sales activities will be under the personal
supervision of D. R. Donovan, General
Sales Manager of the Callite Tungsten
Corporation. This assimilation of the busi-
ness of the Harris Corporation enables
Callite Tungsten Corporation to add to its
regular list of products a line of special
wires in sizes down to .001”, including alu-
minum, stainless steels, nickel silver, ever-
dur, brass in all grades, brush wire, com-
mercial bronze, phosphor bronze and four-
driniering, silver, monel.

HOLLYTRAN APPOINTS AGENT

Eddy Woodward, owner of the Holly-
wood Transformer Company, announces
the appointment of Norman B. Neely as
national sales representative. This com-
pany specializes in the design and custom
building of Hi-Q chokes, audio trans-
formers and similar items for special ap-
plications.

JEFFERSON MACHINE BULLETIN

An interesting bulletin has been made
available by the Jefferson Machine Tool
Co., Fourth, Cutter and Sweeney Sts., Cin-
cinnati, Ohio. This bulletin contains data
on swing frame grinding and polishing ma-
chines, endless belt sanders, gyratory foun-
dry riddle, turret lathes, etc. Write to the
above organization,

framework of duralumin and vibrate
axially in a radial magnetic field. Support-
ing this structure and mounted midway
between the two coils, is a flat triangular
shaped spring that can flex up or down
and twist axially but cannot flex sideways
because of its wide cross section. Recorded
sound vibrations, in the form of undula-
tions in the record groove, impart motion
to the coil structure through a thin duralu-
min tube. This tube, which extends down-
ward from the midpoint of the coil struc-
ture, carries the stylus at its lower end.
During the reproduction of vertical rec-
ords, the rise and fall of the tube carries
both coils up and down simultaneously with
it. Lateral cut records, on the other hand,
swing the tube sideways like a pendulum.
Consequently the coils continue to move up
and down; but with lateral records they
travel in opposite directions after the
fashion of a see-saw. Hence, by switching
the electrical connections of the coils
(series aiding or series opposing depending
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20 KC TO 30 MC

BI.ILEY ELECTRIC COMP!\NY

UNION STATION BU!LD!NG ERIE, PA.

We manufacture a complete line of equipment
Spot Woelders, electric, from Y to 500 KVA;
Transformers, sneelal and standard types; Incandes-
eent Lamp Manufaeturmo Equipment; Radlo Tubes,
Ex-Ray, Cathode Ray, Photo Cells, Electronls
Equipment Vacuum Pumps, etc. Tunasten 8lugs,
Rod and Wire Manufacturing Equipment; General
Glass Working Machines and Burners; College
Glass Working Units for students and Iaboratory
Photo-Flash Lamp Equipment; Neon Sign Manu-
facturing Equipment; Thermos Bottle Equipment;
Wire Butt Welders; A.C. Are Welders from 100 te
400 Amps. CHAS. EISLER. Pres.

EISLER ENGINEERING COMPANY
741 So. 13th St. (Near Avon Ave.)

Newark, New Jersey

IEZO Electric Grystals Exclusively

® Quality crystals for all practical frequencies sup-
plied SINCE 1925. Prices quoted upon receipt
of your specifications.

Our Pledge: QUALITY FIRST
SCIENTIFIC RADIO SERVICE

UNIVERSITY PARK HYATTSVILLE, MD

TRANSMITTING TUBES REPAIRED
228A—$100.00  204A—$35.00  849—$60.00
872A—$7.00  891-892-220B-851—-$125.00
520B-520M—$90.00

Your satisfaction guaranteed, correspondence invited.

CARRETT W. LEWIS ELECTRONICS

ROUTE 3 LOS GATOS, CALIFORNIA

Whep You Renew Your Subscription to

COMMUNICATIONS
Remember the Group Rate —$1.00 a year for

four or more subscriptions.
Regular Rate—$2.00 a year in U. S. A.—$3.00 in foreign countries
|_Regular Rate—$2.00 a year in U. 3. A7 ™ Tomeim cowmres |

’ DESIGNE 0

GOVERNMENT
SPECIFICATIONS

e A few fundamentals of the new
SUPER SKYRIDER are six bands
covering 540kc to 43mc—two stages
of preselection —high fidelity, push
pull audio —band pass audio filter

—a new and highly efficient crystal

filter circuit—an additional and com-

pletely effective noise limiter— cad-
mium plated steel chassis—standard - '

relay rack panel 1% inch thick —
machine tool, gray wrinkle, well
ventilated steel cabinet,

Hallicrafters - Jensen Bass Reflex
speakers available.

Sells, complete with crystal and
14 tubes, less only speaker, for

$159.50 net.

 THE NEW 1941
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TYou and your associates
can obtain a year's subscrip-

tion to COMMUNICATIONS |

(12 issues) for only $1.00 each
by using the Group Subscrip-
rion Plan.

A regular yearly subscription to COM-
MUNICATIONS costs $2.00 — but
when four or more men sign up at one
time, each one is entitled to the half-
price rate. (Foreign subscribers on the
"G-S-P" only pay $2.00 each).

COMMUNICATIONS
19 E. 47th St,, N. Y. C.

|
|
|
Please enter amnnual subscriptions (12 l
issues) for each of the undersigned for '
which payment is enclosed at the rate '
of $1.00 each. (This rate applies only

on 4 or more subscriptions when oc- '
cupations are given.) Foreign Sub- I
scriptions are $2.00 each. I
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upon the “cut™ ot the disc), the reproducer
becomes bi-functional.

The magnetic circuit consists of a rec-
tangular bar of magnetic alloy to which are
nveted two soit iron “U” shaped ygkes,
one of which carries the center pole-piece.
The two yokes are secured directly to the
outside pole plate which serves as a mount-
ing for the vibrating system.

Since good studio practice calls for the
introduction of varying amounts of equal-
1zation during the recording process to
overcome the effects of noise originating in
the record material and other distorting
factors, an equalizer capable of introdycing
a series of complementary characteristics
has been designed for use with the 9A re-
producer. This unit is known as the 171A
repeat coil and K. S. 10066 switch. It
serves not only as an adjustable equalizer,
but as a means of matching the impedance
of the reproducer to the input of the am-
plifiers. These input values may be 30, 250
500, or 600 ohms.

FREQUENCY MONITOR

The Browning Laboratories, Winches-
ter, Mass., have recently announced a cus-
tom-built laboratory calibrated frequency
monitor for checking any three bands of

frequencies from 1.5 to 60 mc. A 100 k¢
crystal is used as a secondary standard.
This may be readily checked against
WWYV. E-c oscillators are used to cover a
band of frequencies from 50 to 100 kc wide.
The transmitter frequencies which it is de-
sired to check are included in this band.
The circuit is so arranged that the elec-
tron-coupled oscillators can be accurately
checked at numerous points by means ol
the 100 kc crystal. Transmitter frequen-
cies are checked by the zero-beat method
which is indicated visually on a cathode-
ray tube and aurally by means of phones
plugged into a jack provided. The accu-
racy of this frequency monitor is better
than 1/100 of 1%, it is said.

F-M RECEIVERS

The Meissner Mfg. Co., Mt. Carmel, Iil.,
have announced two models of frequency-
modulation receivers. Both receivers are

| identical except that one is a table model,

while the other is a console. A bulletin may
be secured from the manufacturer.

MERCURY-YAPOR RECTIFIER

A new GL-869-B mercury-vapor recti-
fier employing a horizontal mesh filament
has been introduced by the General Elec-
tric Company, Schenectady, N. Y. The fila-
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ment structure of the new tube, proved in
both the GL-266-B and GL-852-B trans-
mutung tubes, makes it possible to double
the average anode current of previous
809s when filaments are connected in
quadrature. The GL-869-B is expected to
nind considerable application in 50-kw fre-
quency modulated transmitters. It super-
sedes the GL-809-A.

When using in-phase filament excitation,
the GL-809-B is capable of a maximum in-
verse anode voltage of 20,000 volts with
natural ventilation. The average maximum
anode current at 25 cycles and above is 10
amperes,

For quadrature filament excitation, the
average maximum anode current is 15 am-
peres. The maximum peak inverse anode
lvol.tage is 15,000 volts using forced venti-
ation,

PORTABLE COMMUNICATIONS RECEIVER

Something new in receiver equipment is
the Hallicrafters Model S-29 “Sky Trav-
eler” which combines the universal con-
vemence features of the modern 3-in-]
portable with those of a communications
receiver. The “Sky Traveler” is housed
in a crackle-finished aluminum case with

carrying handle, 7 inches high, 814 inches
wide and 134 inches deep. The weight
with self-contained batteries is 18 pounds.
Operation is from any 110-volt a-¢c or d-c
line or from the batteries. Battery life is
prolonged by a built-in charging circuit.
Nine tubes provide one r-f and two i-f
stages, mixer, detector and avc, two audio
stages, beat oscillator, automatic noise
limiter, and line rectifier. The tuning range
1s continuous from 542 kc to 30.5 mega-
cycles in four steps and electrical band-
spreading is provided for all parts of this
range. Sensitivity averages better than 2
microvolts in all ranges. The Hallicrafters,
Inc, 2601 S. Indiana Ave, Chicago, IlI.

MOLDED RESISTORS

Erie Resistor Corporation announces a
new molded type resistor designed to carry
Y2 watt load at 40° C., indefinitely. Desig-
nated as Iype 523, this unit is compact,
measuring but 34” long x .143” diameter.

Wire leads 115” long are paralled to the
axis of the body. This wire has a specially
developed alloy-coated surface that resists
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“TENSITE"
made only by

WILBUR B. DRIVER CO.

NEWARK, NEW JERSEY @

oxidization and retains its excellent solder-

inging characteristics for a long period of
time. Samples of the new Type 523 will
be sent on request by writing Erie Resistor
Corporation, 640 West 10th Street, Erie,
Pa.

LOUDSPEAKER
Representing an important improvement
in loudspeaker design, a new type of “ac-
cordion edge’’ loudspeaker has been devel-
oped by the RCA Manufacturing Co., Inc,
Camden, N. J., to reproduce low frequen-

ciese with a small speaker in a small cabi-
net. Although only 7 inches in diameter,
the new instrument has a frequency re-
sponse of from 80 to 7,000 cycles. The new
loudspeaker makes effective use of a folded
or “accordion edge” cone support principle
which permits the cone to move more
freely when driven by the permanent mag-
net speaker mechanism. The cone was de-
veloped by Dr. H. F. Olsen in the RCA
Radio Research Laboratoreis at Camden.

PORTAPOWER

An interesting development in the equip-
ment of marine transmitters is the Porta-
power unit manufactured by Electronic
Laboratories, 122 W. New York St, In-
dianapolis. The Portapower combines a
power supply for the complete marine
transmitter and receiver, the supply being
controlled by means of a microphone
switch. One section of this power supply
delivers filament power for the transmitter
and receiver, while the other two sections
deliver high-voltage direct-current output.
It is constructed for either 12, 32 or 110
volts in marine applications. Also the
wattage rating of this unit can be as high
as 400 watts.

BRUNO CONNECTORS

The new Bruno Baby Connectors are de-
signed for the entire public address and
allied industries. Of the locking type, these
new sizes have been especially designed

for output or loudspeaker connections,
and are equipped with half-inch 27 thread
to prevent accidental mixing of cables with
microphone input. Complete literature may
be had by writing Selectar Mig. Corp., 30
West 15th, New York City.

KELVIN-WHEATSTONE BRIDGE
A portable instrument combining the fea-
tures of the Kelvin and Wheatstone bridges
has been made available by Shallcross Mig.

Co., 10 Jackson Ave., Collingdale, Pa. To-
tal resistance range is from 0.00001 ohm to
11.11 megohms. It may be secured either
with or without a galvanometer. Write to
the manufacturer for bulletin 146-2G.

PORTABLE BUTT WELDER

The Eisler Engineering Co., 740-770 So.
13th St, Newark, N. J., has developed a
new portable butt welder with a burr
grinder and annealer mounted on a fabri-
cated case which is portable. One of its
many applications is in the repair of
stranded wire where this unit is used to
burn out (electrically) the faulty section
and fuse all the strands, thereby prevent-
ing the ends from unraveling. The final
steps are to butt weld the two ends, and
grind off any burrs that may have ap-
peared. The grinder has an adjustment
to compensate for the wear in the abrasive
and there are two special bushings to guide

BAKELITE

Typical AP Prong-
Base  Electrolytic
shown actual size.
Note compactness.

New and Better
PRONG-BASE
ELECTROLYTICS

o AEROVOX takes particular pride in present-
ing its new Series AF electrolytics. Similar
in appearance and purpose to conventional
prong-base electrolytics, these AF units in-
corporate several vital improvements, such as:

@ Square can shoulder instead of usual 30° sloped
shoulder. Result, cap or plug rests solidly in
place. No danger of shearing cathode tab.

@ In place of usual two bakelite discs separated
by sheet of flat rubber, AP construction
utilizes cup-shaped molded soft-rubber disc
in which fits bakelite disc. Lugs eyeletted to
bakelite disc.

@ Cup-shaped rubber disc has slotted protrusions
or sleeves through which pass anocde or posi-
tive tabs which, beyond bend inside of sleeves,
join with soldering lugs. No leakage of elec-
trolyte. A positive, soft-rubber seal.

® No danger of bakelite corrosive effects since
rubber sleeves prevent bakelite contacting slot
walls in bakelite disc.

e Positive pin-hole vent instantly responds to
excessive gas pressures, yet normally self-
closing.

Write for DATA . . .

® Complete technical details regarding this AP
construction, sent on request; also samples
?.nd t'auotations to responsible parties. Get the
acts!

CORPORATION

. NEW BEDFORD, MASS. |

IN CANADA: AEROVOX CANADA. Limited Hamilton. Ont.
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Precision Built
ON MODERN HIGH SPEED EQUIPMENT

PILOT LIGHT ASSEMBLIES

The correct design and manufacture of good
pilot light assemblies is a job for experts.
Years of specializing in this field has re-
sulted in our developing a highly skilled
organization, precision methods, and high-
spced equipment that produces the finest

possible units at moderate cost. If one
of our many standard designs does not
exactly fit your needs, our competent engi-
neers will gladly design a special unit for
you. Test DRAKE Service. You, like so
many other leading electrical manufac-
turers, will find it sincere and efficient. '

SEND FOR CATALOG TODAY!

DRAKE MANUFACTURING CO.

1713 W. HUBBARD ST. « CHICAGO, U.S. A.

AMINATIONS

for Output TRANSFORMERS
of Highest Permeability

Standard stocks in a wide range of

sizes for Audio, Choke, Output and

Power Transformers. Write for dimen-
sion sheets.

permanent

AGNETS

ALNICO (Cast or Sintered)
COBALT-CHROME-TUNGSTEN

Cast, formed or stamped permanent

megnets for all purposes. Engineering

cooperation backed by 38 years ex-
perience in magnet making.

TOOLS » DIES » STAMPINGS
HEAT TREATING

Thomas & Skinner

Steel Products Co.

1113 E. 23rd St. Indianaspolis, Ind.

|
|
|
|
|
|
|

the stranded wire to the grinder, which
squares off the ends so as to make neater
butt welds,

BROADCAST CRYSTAL UNIT

A new crystal unit for broadcast scrvice,
the G30, with a guaranteed temperature-
coefficient of less than one part per million
per degree C has been announced by Gen-
eral Electric, Schenectady. The Treallo-
cation of broadcast station frequencies re-
sulting from the Havana Treaty, and
F.C.C. demands for more precise fre-
quency control, have led to the develop-
ment of this new crystal cell.

Approved by the F.C.C., the G30 is
guaranteed to maintain transmitter fre-
quency within = 10 cycles at any specified
point in the broadcast band. The low teni-
perature-coefficient of the quartz plate is
possible through the use of special x-ray
equipment during manufacture which de-
termines the angle of crystal cut. From a
cold start, the new Thermocell is ready to
go on the air in less than fifteen minutes.
Only 2 watts of heating power are re-
quired, because of the small size and care-
ful thermal design of the unit.

A hermetically-sealed metal-tube shell
houses the G30 unit. The Thermo-
cell’s hermetic sealing protects the crystal
from atmospheric dust, dirt, fumes and
moisture. Of small size (%4 inch in

\,
B

.

diameter), the unit fits standard octal
sockets and is easily adapted to an exist-
ing circuit. Crystal electrodes are of stain-
less steel and the thermostat contacts are

bimetallic thermostat makes positive con-
tact, preventing arcing and local heating
of the thermostat.

The control ratio is more than 50:1.
Control ratio is defined as ratio of room
temperature change to change in mean
crystal temperature.

Adjustment of the new Thermocell to
almost the exact frequency is made at the
crystal laboratory. Since the frequency is
slightly dependent on the circuit in which

the unit is used, final adjustment is made
after installation in the crysta] circuit by
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of nonoxidizing platinum-iridium. A sturdy

means of a trimmer condenser. Oscillator
units in which the G30 is to be installed
may be shipped to the General Electric
crystal laboratory at Schenectady for free
installation and adjustment, or the installa-
tion can be made by the station operator.

COMMUNICATIONS RECEIVER

The new Howard 490 communication
type receiver is designed for the advanced
amateur, short wave listener and commer-
cial operator. It features 14 tubes, cover-
age in six bands from 540 ke to 43.5 mc

(550 to 7 meters), calibrated bandspread,
variable selectivity i-f, variable fidelity
audio system, temperature compensated 0s-
cillator, air tuned i-f transformers and split
stator ceramic insulated tuning condensers,
Howard Radio Co., 1731-35 Belmont Ave.,
Chicage, 111,

ELECTRONIC BRIDGE

This new Hickok instrument, besides be-
ing used as a conventional bridge, can be
used as a percentage bridge and also as a
synchrometer. It permits electrical trian-
gulation not possible with conventional

9
£

bridges. The circuit, which is shielded, fea-
tures a cosine galvanometer, has built-in
standards and provisions for external
standards. The galvanometer cannot be in-
jured by unbalance of the bridge, it is said.
A-c power is used for operation. Despite
the fact that it operates on a-c, the elec-
tronic bridge has null balance the same as
all standard d-c bridges. Measurements in-
clude capacity, resistance, inductance, im-
pedance, power factor and frequency. For
complete information write the maker, The
Hickok Electrical Instrument Co., 10514
Dupont Ave., Cleveland, Ohio,

RESISTORS

A complete line of commercially non-
inductive IRC power wire wound resistors,
from 10 to 200 watts and with any type of
mounting, has been announced by the In-
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ternational Resistance Co., 401 N. Broad
St., Philadelphia. These units utilize the
Ayrton-Perry type of winding which is

said to assure full wattage ratings. IRC
Resistance Data Bulletin IV and IV-A will
gladly be sent upon request.

SOLDERING MACHINE

In the accompanying illustration is
shown a treadle operated soldering ma-
chine. In this unit the iron is advanced
straight downward, the solder being fed

forward as iron returns from work. The
feeding: of the solder may be regulated.
Solder up to 4" diameter may be used.
Electric Soldering Iron Co. Inc, Deep
River, Conn.

RCA TUBES

The RCA Radiotron Division, RCA
Manufacturing Co., Inc.,, Harrison, N. J.,
have recently made available a number
of new tubes designated as follows:
117N7-GT, 827-R, 825, 893-R, 5W4-GT,
880, 889-R and VR75/30.

The 117N7-GT is a multi-unit tube con-
taining a half-wave rectifier and a beam
power amplifier in the same envelope
(T-9). It 1s intended primarily for use in
portable battery/a-c/d-c receivers. The
power amplifier unit delivers 1.2 watts with
100 volts on plate and screen. The heater

is designed for operation directly across a
117-volt power-supply line.

The 827R is a new air-cooled radiator
type of u-h-f transmitting beam power am-
plifier. It has a maximum plate dissipation
rating of 800 watts in Class C telegraph
service, and is particularly suitable for

use in frequency-modulation and television
transmitters. It has several unique design
features which include multiple-ribbon
filament leads, two multiple-ribbon grid
leads to minimize the effect of lead induct-
ance, and an entrant metal header. The
header serves not only as a low-inductance
terminal for the screen but facilitates iso-
lation of the input and output circuits. As

a result, neutralization is usually unneces-
sary except at the very high frequencies.
The RCA-825 is a new type of multi
electrode tube in which the electron stream
1s inductively coupled to the output circuit.
The 825 is designed for use as a power
amplifier at frequencies above 300 mega-
cycles and in such service is capable of
handling power outputs up to 35 watts, de-

2,

JONES 500 SERIES
POWER PLUGS AND SOCKETS

A new series for heavy currents and high
voltages. Engineered to fulfill all electri-
cal and mechanical requirements. Sizes:

4, 6, 8, 10, and 12 contacts. Bulletin

No. 500 in preparation. Apply for a copy.

IYo. 10 Catalog, listing our regular
lines and many new items now ready.
Send for vour copy today.

HOWARD B. JONES

2300 WABANSIA AVENUE, CHICAGO

OUNTS MOST
...AND COSTS LESS

Ask the
Engineers W ho
Use T hem!

Exhaustive field tests first proved
that Lingo "Tube' radiators give
within 3% of the 100% efficient
system at heights as low as 0.15
wave length. But Lingo's ability
to consistently deliver this plus
performance has been proved
beyond question by actual results
from installations throughout the
country. One enthusiastic engineer
writes: ', . . the radiation ef-
ficiency of the Lingo Antenna
System is higher than that of
any other radiator in broad-
cast service." Lingo Radiators
are outstanding in design because
the seamless steel tubing is a uni-
form and narrow cross section
throughout. They provide low base
capacitance; high characteristic
impedance; practically sinusoidal
current distribution, Lingo Radia-
tors have an unequalled record of
stability and not only are mod-
i erately priced, but maintenance
costs are negligible.

Write for Further Information

| i We will be glad to send a de-
| scriptive brochure and furnish
free information based on facts
that would apply in your own
case. In writing please give
location, power and frequency

i of station.
JOHN E. LINGO

& SON, Inc.

S
: 1 Dept. C-8, CAMDEN, N. J.

LICENSED MANUFACTURERS
OF PATENTED TURNSTILE
ANTENNAS FOR F. M.
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LITTELFUSE

R ST

Gives you a better under-
standing of how and when to
use Littelfuses!

In these 12 pages you will find most
essential engineering data, charts,
curves — with a complete listing of
Littelfuses, fuse mountings and other
products — information that you will
want. Be sure to get your copy. A
request on your letterhead will bring
the catalog to your desk free.

LITTELFUSE INC.

4751 RAVENSWOOD AVE. CHICAGO. ILL.

PIONEER GEN-E-MOTOR CORPORATION
Dept. R-5H, 466 W. Superior St., Chlcago,lll.

Please send me NEW complete catalog on
Pincor Rotary Converters.

pending on bandwidth and type of service.
Because of its high transconductance and
1ts adaptability to tank circuits having low
effective capacitance, the 825 is especially
suited for wide-band service, such as tele-
vision and frequency modulation. The 825
mmay also be used as an oscillator and har-
monic generator. Opening up new possi-
bilities for research and development in the
ultra-high-frequency transmitting field, the
825 will be of particular interest to experi-
menters and engineers working at fre-
quencies above 300 megacycles.

The 893-R is an air-cooled radiator type
of transmitting triode capable of dissipating
20 kilowatts of power in Class C telegraph
service. The 893-R may be operated with
maximum ratings at frequencies as high
as 5 megacycles.

The 5W4-GT is a high-vacuum full-
wave rectifier with T-9 bulb for use in a-c
receivers having relatively low current re-
quirements,

The 880 is a three-electrode tube with
water-cooled plate capable of dissipating 20
kilowatts of power in Class C telegraph ser-
vice. Tlllg new tube is designed especially
for operation with full input at frequen-
cies as high as 25 megacycles. Operation
with reduced input is permissible up to
100 megacycles.
~ The 889-R is a three-electrode tube with
fin-type radiator for air-cooling the plate.
The maximum plate dissipation in Class
C telegraph service is 5 kilowatts. This
new tube is intended for use with full in-
put at frequencies as high as 25 megacycles.
Operation with reduced input is permissible
up to 100 megacycles.

The VR75/30 voltage regulator tube is
of the cold-cathode, glow-discharge type.
It has an operating voltage of approxi-
mately 75 volts and a maximum operating
|current of 30 milliamperes.

| TUBULAR CAPACITORS

| A new line of dry electrolytic tubular ca-
Jpa\cntors has just been announced by Cor-
Inell_-Dubilier. This new Type BRH ca-
| pacitor is available in capacities ranging up
[ to 500 mfd at 25 volts, 1000 mfd at 15
volts, and 2000 mfd at 6 volts. The BRH
capacitors are similar in physical appear-

ance to the standard Type BR. They are
enclosed in vented aluminum containers
over which a varnished cardboard tube is
drawn for protection. Dimensions vary
from 34" x1 1/16” for the smaller sizes,
to 1" x2%" for the higher capacities. A
choice of either pigtail or lug terminals is
provided. Cornell-Dubilier Electric Corp.,
South Plainfield, New Jersey.

PILOT LIGHT ASSEMBLY
A jewel pilot light assembly, developed
by Alden Products Co., Brockton, Mass.,
fastens to the panel with either eyelets,
rivets or screws through two holes in the
mounting plate. The indicating jewel. is
made from a translucent thermo-setting
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material which is available in a large vari-
ety of colors. It is also available with a
U-shaped bracket on the back of which
mounts the lamp detachable from the
mounting plate if preferred.

VARITRANS

New design changes have been made in
the UTC Varitran units to increase their
ruggedness and improve reliability. In ad-
dition to glass insulated wire throughout
all sizes, multiple contact units now employ

ballast coils for uniform contact loading.
The Varitran units are available for 115 or
230-volt service with respective output
voltages of 0-130 and 0-260 volts. United
Transformer Corp.,, 150 Varick Street,
New York, N. Y.

FLASHLIGHT BULB EXTENSION

Frequently the engineer has need for a
closely spotted light in hard-to-get-at
places. Wiring or other impediments pre-
vent location of a light or flashlight right
at the point where illumination is needed.
To take care of this need a novel flashlight
bulb extension has been developed. It ex-
tends the light through any maze of wires,
hehind or around equipment and brings the
bulb right to the point desired. Made in

A e e
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WATER uny

TRANSMITTING§nd@RECTIFYING TUBES

IC PRODUCTS, Inc.

BROOKLYN, NEW YORK
w York, U.S. A, Cables: "ARLAB"

AMPEREX ELECTER
79 WASHINGTON STREE

Export Division: 100 VarickStre

=4
inch facsimile

FOR POLICE

Enables stations and sheriffs’ offices to communicate
pointto point constantly in writing. Transmits pictures of
PERSONS WANTED or MISSING, facsimiles of BAD CHECKS,
AUTO NUMBERS and other data for all points. ... Re-
ception is on a continuous roll, working day or night
whether the officer is in or out of his office or station.

Finch facsimile
equipment handles
any size sheet up to
standard letler size,
81," x 11",

Above:Finch Scanner—27"
long, 14" wide, 8" high.

At right: Finch Recorder—
15" long, 11" wide, 11" high.

No need for a hundred words
when a simple sketch or
photo will do.

WRITE OR WIRE FOR NEW POLICE FACSIMILE FOLDER

= finci;

TELECOMMUNICATIONS  INC.

PASSAIC,N.J.- NEW YORK OFFICE, 1819 B'WAY . Clrcle 6-8080

lengths from 6” to 36" ; the extension has a
plug which will screw into any flashlight
with the bulb in the opposite socket. Being
bendable, it can go down into intricate
mechanisms. The device is made by the
Sierra Aircraft Company, Sierra Madre,
California.

HAMMERED METAL EFFECTS

Finishes resembling hammered silver,
copper, bronze, and other ornamental
metals can be applied to products made
of any kind of metal and also bakelite
molded plastics by the use of a new type
of finish, known as “Hammertone,” which
was recently developed by Maas & Wald-
stein Company, 438 Riverside Ave., New-
ark, N. J.

In finishing a surface with Hammertone,
a base coat of the desired color is first
sprayed on. This is followed immediately
by a spatter coat of Hammertone liquid,
which produces the hammered pattern in
the base coat. The product is then baked at
medium heat for an hour, which produces
a lustrous metallic finish that is tough
and durable.

DUREZ 8685

Durez Plastics & Chemicals, Inc, North
Tonawanda, N. Y., announce a new arc-
resistant phenolic molding compound called
Durez 8685. This new material was formu-
lated specifically to prevent tracking where
there is combined electrical spark and rub-
bing action. It has very high resistance to
carbonization under an arc. While slightly
slower to cure in the mold, its electrical
properties are materially increased by
baking after molding, it is said. It will also

hold its high dielectric strength when used
at moderately high temperatures. Durez
8685 is somewhat more flexible in its final
set than standard materials and does not
crack under the expansion and contraction
of metal inserts around which it may be
easily molded.

HEARING AID TUBES

Raytheon Production Corp., 55 Chapel
St., Newton, Mass., have announced two
new hearing aid tubes designated as types
CK-505 and CK-505X. Both are filament
type pentodes. These tubes require less

than half the filament power of their pres-
ent hearing aid tubes and are a little
shorter in size. A pair of these tubes in a
resistance coupled amplifier has a voltage
gain of about 225 at 30 volts of B battery.
The total B drain for both tubes is 54
microamperes and the total A drain for the

two tubes in series is 30 milliamperes at
1.25 volts. In addition to hearing aid ap-

Cw-505rx| 3
J !

WAX] S
as !fl?am -

Ca-505% MOUNTED 1N
7 PRONS Spratt SHEW
OCTAL 8ASE

SPECIAL FINIATURE BASE
Cx 505

plication these tubes may be used when:e
extremely small size and low battery drain
are the primary tube requircments.

ATR BATTERY ELIMINATOR

The American Television & Radio Co.,
300 E. Fourth St., St. Paul, Minn,, have
announced a B battery eliminator for bat-
tery portables, which operates from flash-
light cells or storage batteries. The unit
is designed to deliver 90 volts at 10 ma,
operating from a 7.5-volt source such as 5
Type-D cells in series or a 3-cell storage
battery. The total weight of the eliminator,
including the flashlight cell container and
cells, is approximately 3 Ibs.
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WAXES
COMPOUNDS

INSULATION and WATERPROOFING

of ELECTRICAL and RADIO
COMPONENTS

. such as transformers, coils,
power packs, pot heads, sockets,
wiring devices, wet and dry bat-
teries, etc. Also WAX SATU-
RATORS for braided wire and
tape and WAXES for radio
parts. The facilities of our
laboratories are at your disposal
to help solve your problems.

'
éﬁfl MILLS, Inc.
120 -26th ST., BROOKLYN, N. Y.

DETERMINE RESISTOR
VALUES FOR PADS

without resorting to extended
calculations.

o
USE THE

McPROUD PADGET

to SAVE TIME and
INSURE ACCURACY
in Attenuator Design

Supplies data for all commonly
used 500-ohm pads and most un-
symmetrical pads.

PADGET is an indispensable aid to
every radio and electronic engineer
and technician. Easier to use than a
slide rule.

PRICE $1.25 net

Complete with carrier envelope
and instructions. Money refunded
without question if not entirely
satisfied.

DISTRIBUTORS,

write for quantity discounts.

NORMAN B. NEELY

1656 N. Serrano St., Los Angeles, Calif.
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WHEN YOU CHANGE
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Department of COMMUNICATIONS
at 19 E. Forty-seventh St., New York
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address. We ask your cooperation.
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WAVEMETER
TYPE758-A  SERIAL NO.106

GENERAL RADIO GO.
CAMBRIDGE MASS.U.S A

Direct-reading Dial calibrated
from 55 to 400 Mc, with open
scale. Six-sided end plates for
resting wavemeter horizontally
in a number of positions.

GENERAL

r

FROM 55 TO 400 MEGACYCLES

OR SOME TIME there has been an increasing demand for a simple, small, accurate and portable
wavemeter of the tuned-circuit absorption type for use at the very high frequencies. General
Radio now announces the new Type 758-A Wavemeter to meet these needs.

Unique design involves the use of a variable single-turn inductance the value of which is changed
continuously as the capacitance is changed. The condenser shaft is equipped with a positive sliding
contact which bears on a single turn of flat strip, thus changing capacitance and inductance stmul-
taneously and providing an enormous frequency range from a single coil.

When used with circuits generating some power a lamp indicator, coupled to the wavemeter cir-
cuit through a fixed loop, is used for resonance indication. For measuring very low power oscillators
or receiving circuits, resonance is indicated by the usual absorption-type wavemeter means such as
plate or grid milliammeter dip.

DESICN AND CONSTRUCTION FEATURES INCLUDE:
. VARIABLE INDUCTANCE—2-finger silver spring

making low-resistance contact with single turn

. EXTREMELY WIDE RANGE—55 Mc to 400 Mc
‘ LAMP RESONANCE INDICATOR—small lamp

. GOOD INSULATION—Isolantite of small area coupled to wavemeter circuit through fixed loop
STRAIGHT-FREQUENCY-LINE PLATES — heavy

‘NEW CONDENSER—extra heavy, silver-plated . construction

brass plates
TRANSPARENT PROTECTIVE CASE—resonant
. illumination of lamp can be seen in any position
of wavemeter

.SINGLE TURN INDUCTOR—Alat silver strip se-

curely fixed in lsolantite ring

This wavemeter, with an accuracy of 2%, is priced at only $28.00

WRITE FOR BULLETIN 626 FOR INFORMATION
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But Its OUTPUT
Is 1800 Watts
up to 150 MC!

*

And the air-cooled
GL-8002-R
puts out 1800 watts
up to 120 MC.

BU]LT to speed the conquest of the ultra-highs,
General Eleciric’s latest are marvels of vacuum-tube
design.

These tiny triodes lick many basic U-H-F design prob-
lems almost singlehanded! And they’re top performers at
lower frequencies as well.

Small in size, their leads are short. But, in addition—
their three grid leads make possible separation of exci-
tation and neutralizing circuits, lowering common
inductance, and thereby greatly reducing neutralizing

difficulties.

l

- GENERAL ) ELE

GL-8002-R’'s radiator is milled from solid copper. Air pas-
sages are of uniform width for more efficient cooling. Total
hetght, including radiator, is 5 3-8 inches; total diameter,
3 11-16 inches.

Characteristics—GL-8002 and GL-8002-R

Fil Volts. .., ,......... 16  Mutual Conductance .. ....

Fil Current........39 amp 8850 mmhos

i‘g;;i?;%:;i‘(ﬁ?"“ Capac- Class C Telegraph Rating
Grid to plate. . . . .. 9 mmf Plate Volts........ .. 3000

Grid to filament. .. .8 mmf Plate Input, Watts. . ..3000
Plate to filament..0.5 mmf Plate Dissipation, Watts 1200

GL-8002—$180 GL-8002-R—$250

Use of center-tapped filaments permits paralleling of
filament leads for low inductance r-f feed. Reduced
ratings permit operation up to 200 mc air-cooled, 300
me water-cooled.

Two GL-8002-R’s are used in the final amplifiers of both
the G-E 3-kw frequency-modulation transmitter and the
G-E 1-kw television sound transmitter.

GL-8002 and GL-8002-R are “sister” tubes of the GL-880,
GL-889, and GL-889-R—all developed and introduced
by General Electric, Schenectady, N. Y.
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