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We specialise in the manufacture

Rods and Tubes of various
several classes of materials
dimensxona\ ranges-

The principal Materials Are :—

1. Porcelain for general insulation.

9. Frequelex for High Frequency insulation.
3, Permalex and Templex for Capacitors:

The degree of accuracy depends on the size
of the Rod or Tube, but .the standard degree

of accuracy 18 outlined 10 the Inter Service
unci\—Pane\
R Speciﬁcation embodied in our Catalogue
of Radio Frequency Ceramicss copy of whic

will be sent on request.

1arge Rods up t© 44" long and 1}
ine Coils, €t¢-

are used as supports for Tumng

We shall be pleased to have your enquiries for
ods. Prompt deliveries

all sizes of Tubes an
can be given for most sizes.
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Gang Radio
Variable Condenser using our * FREQUELEX "
Ceramic Rod for the Centre Rotating Spindle.
This Rod s 747 long w 43T Jiameter,
n plus of minus

0005". Maximum camber allowance of 002"

This is only on¢ of many applications where
Rods made 1© close limits are required-
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& ROGERS LTD.
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’VBRIAC' voltage

Reg'd Trade Mark

regulating transformers

*VARIAC'’ infinitely variable voltage-
regulating transformers are designed
and constructed for many years of
trouble-free operation. Not only do
they supply perfectly smooth control
of voltage from zero, but many types
(including 100-R) also furnish output
voltages considerable above line
voltage while the 100-RM/2B is a dual
output type. Illustration left shows
Type 100-R, Rating 2,000 va., Input
Voltage 230/115, Output Voltage 0-270.

Left—
Type 200 C.U.H.

Right—
Type 50-8.

SERIES 100 ‘VARIAC’ TRANSFORMERS.

- - SPECIFICATIONS By I!:fge
RatiNG InPUT __ Current | ourrur Loss

Vest TAGE RATED Maximum VOLTAGE I | £ s d
100-K 2000 va s 15 a 175 a 0-115 20 watts 1717 0
100-KM 2000 va 1S 15 a 175 a 0-115 20 watts 1812 0
100.L 2000 va. s | 3a 9 0-230 25 watts 1717 0
100-LM 2000 va s | 8a 9a 0-230 25 watts 1812 0
| 100-Q 2000 va ns | 15a 175 a 0135 20 watts 18 9 0
| 100-0m 2000 va s | 15 a 175 a 0-135 20 watts 19 4 0
[ toor 2000 va. aons | 8a 9a 0-270 30 watts 18 9 0
| 100-RM 2000 va 23118 8 a. 9a 0-270 30 watts 19 4 0
(oootn | 120w s, 4807240 2a 25a 0-480 25 watts 2015 0
| 500-L 1450 va 180 8a 9a 0-180 25 watts 1717 0
2000-K 1000 va 125 8a 9a 0-125 25 watts 1717 0

* For 500 cycles - For 2,000 cycle service | All* VARIAC ' prices plus 20% as from 23rd Feb, 1952

PROMPT DELIVERY

Write for catalogue V549 which gives fl details of ‘VC ! transformers and suggestions for use.

CLAUDE LYONS LIMITED

tLECTRICAL AND RADIO LABORATORY APPARATUS, ETC.

180 Tottenham Court Road, London, W.1; and 76 Oldhall Street, Liverpool 3, Lancs.
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A Technical Handbook
for Electronic Engineers

This Handbook contains the fullest information about all types of
Ferranti Valves and Cathode Ray Tubes, giving for each type complete
data such as physical details, base connections, ratings, operating
conditions, with graphs, etc., where necessary.

The whole is a most valuable book of reference to the electronics
engineer. It is in loose-leaf form, so that new data can readily be

inserted.

Price 5/-

Additional data sheets will be issued to subscribers

from time to time

FERRANTI iy

MOSTON MANCHESTER 10
London Office: KERN HOUSE, KINGSWAY, W.C2

FE154
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. upon which the pilot’s safety

depends is the consistent functioning of his
radio and radar equipment. One dry or
H.R. joint among the thousands of soldered
joints in these precision instruments

may mean the failure of a whole circuit

endangering both pilot and machine.

] Marketed by Enthoven Solders Lud.,
E3405
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FAUI.TLESS. FLUXING PRESERVES THE VITAL LINK

Dry or H.R. joints are impossible with Saperspeed for the flux is always

released in exactly the correct proportion. This faultless tluxing actiun is
achieved by the unique STELLATE core which giver
six points of rapid solder collapse. At soldering tem-
perature the activated rosin flux is released immediately
for effective spreading and wetting. Superspeed is
being used more and more in the production of service

equipment where faultless joints are essential.

) Upeﬁfpeed “WHITE FLASH” ACTIVATED ROSIN-CORED SOLDER

for general electrical, electronic and telecommunication work and all standard uses.
A..D.and G.P.O. approved. Complies with M.0.S. Specification DTD §99. In allstandard
tinflead alloys, 10-22 s.w.g. Sample of Superspeed and the comprehensive Superspeed

booklet gladly sent on request. Technical advisers are available for free consultation.

wnosscrmnes o e ENTHOVEN ¢

Enthoven House, 89, Upper Thames Street, London, E.C.4. *
o




THIS INTERESTING QUARTERLY
WILL BE MAILED FREE
TO ANY PART OF THE WORLD

POST THIS COUPON TODAY
o T T T e e ]

l MUIRHEAD & CO. LTD - BECKENHAM - KENT - ENGLAND

I Please mail me, free of charge, ycur quarterly journal ‘' technique’’

| NAME

POSITION

COMPANY

ADDRESS

1
|
——— e —— ———— ——— ——

— 2
MUIRHEAD & CO. LTD - BECKENHAM + KENT + ENGLAND

PRECISION ELECTRICAL INSTRUMENT MAKERS

A McGRAW-HILL BOOK PUBLISHED IN LONDON

PRINCIPLES OF

RAD AR

Third Edition
By J. F. REINTJES & G. T. COATE

A very thorough revision and expansion of the text originally prepared
by the Massachusetts Institute of Technology Radar School Staff for
use in their war training courses. Dealing with the fundamental con-
cepts and techniques of pulse radar, it presents the engineering
principles of the pulse circuits and high-frequency devices common to

most radar systems. This exceptionally well illustrated book is now
printed in a clearer type-face, and is outstanding in its clarity of
expression.

985 pages 9 X 6 558, 6d.
Obtainable from all booksellers

McGRAW-HILL PUBLISHING CO. LTD

McGraw-Hill House, 95 Farringdon Street, London, E.C.4
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— ALL-POWER —
REGULATED POWER SUPPLIES

SERIES 500

An entirely new range of units,
designed for the highest possible
performance and overall efficiency.

Now entering large-scale
production and available for prompt
delivery.
MODEL 501
(Fitted with end frames)
ABRIDGED DATA
(Further information on request)
Data Model Model Model Model Model
| 501 502 503 504 505
| Output 200-500 V 200-500 V 0-500 V 0-500 V 0-500 V
P 250 mA 250 mA 250 mA 250 mA 150 mA
ui . | Number of Ranges 2 2 3 3 1
> 8
IE Voltage Stabilization +0-02° -0-0029, +0-19, 00029, +0-19%,
=]
'}r:" & | Effective output
Resistance (max.) 0-2Q 0-0020Q 0-50 0-02Q 0-50
Output Ripple (rms.
max.) 2 mV 1 mV 3 mVv 1 mV 3 mV
— — 250V SmA 250V SmA 250V 5mA
ERLRRE 0-250V 1mA | 0250V 1mA 0-250V 1mA
ey
§§ Voltage Stabilization —_ — -0-05¢ ; 0-002%, +0-05%,
w= [
ui2 | Output Resistance |
>& | (max.) — — 10 l 0-01Q 10
| i
Output Ripple
(rms. max.) — — 2mV 1mV 2mV
- |
. | 470v 470V 320v \ 320V
Unstabilized 4 VE. 630V 630V 470v | a7ov 630V
-1+ SUPPY : 630V | 630V
|
Unstabilized A.C. supply 6-3V 10A 6-3V 10A 6-3V 10A ' 6-3V 10A 6-3V 10A
Price £70 £91 £81 £100 £75

POLISHED HARD-WOOD REINFORCED END FRAMES

STEEL INSTRUMENT CASE OF NEW DESIGN

PRICES—Prices are quoted net ex works and are subject to variation without notice

ALL-POWER TRANSFORMERS LTD.
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TEL.: BYFLEET 3224/5

q STANDARD UNITS—AIl models are supplied as standard for mounting in 19" racks and are fitted with
fully protective covers,

EXTRAS—To convert from rack mounting to bench use the following extras are available:—
£1 15s. 0d. per pair
£4 10s. 0d. each

CHERTSEY ROAD, BYFLEET, SURREY




VIDEO OSCILLATOR

TYPE 0222A

covers 10 Kc/s — 10 Mc/s

Model 0222A is introduced to meet the demand for
an oscillator reaching 10 Mc/s. It is an improved
version of the 0222 which it supersedes. All the
outstanding features of the original model are
retained, including low harmonic content and
exceptional stability of frequency and amplitude.

SPECIFICATION

Frequency Range: Frequency Accuracy: Qutpur Impedance :

10 Keys— 10 Mc/s in 6 ranges 1% 75 oluns
Frequency Stability : Qutput : Total Harmonic Content :

better than | in 10° in 1 hour +10db 1o—50dbon 1 Vp-p less than 19,

Amplitude constant to within * ydb at any frequency setting

THE WA4YNE KERR LABORATORIES LIMITED + NEW MALDEN - SURREY - MALDEN 2202

for electronic and radio engineering

Whilst Telcon Multicore Cables are designed primarily for
aircraft wiring, they are also eminently suitable for the
varying needs of the electronic and radio engineer.

Available in a range of from 2 to 25 cores, with alternative
finishes, Telcon Multicore Cables are colour-coded for
easy reference. Fully illustrated and detailed publication,
ref MC/1, is available free on request. TEoN

M

¥ TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD
Head Office: 22 Old Broad Street, London, E.C.2 Tel: LONdon Wall 7104
Enquiries to: Telcon Works, Greenwich, S.E.10 Tel: GREenwich 329!
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MARCONI communication systems

v

serve mankind

Wherever men live together (in industrial hvgiene, safety, husbandry, commerce —
areas or in tropical archipelagoes) prosperity welfare, in short, and prosperity —archi-
is largely a matter of communications. pelagoes are increasingly interdependent.
Island communities seem blessedly self- Marconi’s invention is bringing to island
contained. But, for effective government, peoples a fuller and richer way of life.

SURVEYED INSTALLED

MARCONI’'S WIRELESS TELEGRAPH COMPANY LTD * CHELMSFORD * ESSEX
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Constantly reliable readings or indications of any

photometric device requirc a constant light

= = source, which in turn demands constant voltage.
S T g Y Advance Constant V oltage Transformers keep
Q mllm[[ Q s> the mains supply voltage steady to within
N ’_/'\{ ' 4 19, with input variations of up to + 159,

Full details in Folder S.15/V available on request.

Can now be supplied with multiple secondary
windings to provide stabilisation on a
number of outputs. A specification of your

requirements may enable us to provide you
with CONSTANT VOLTAGE throughout
your equipment.

ADVANCE COMPONENTS LTD., BACK ROAD, SHERNHALL STREET, WALTHAMSTOW, LONDON, E.I7
Telephone : LARkswood 4366 7/8 Grams : Attenuate, Walt, London

SELENIUM
G G.C RECTIFIERS
Full particslars. of" the i il %‘%

G.E.C. range of
Seleniuin  Rectifiers are
available on application
to vour nearest G.E.C.
Branch, E.S. & V.
Department, Magnet
House, Kingsway.
London. W.C.2, or the
address helow—

3

LOW FIRSTCOST

£

HIGH EFFICIENCY

g

LO0L RUNNING

NO MAINTENANCE

SALFORD ELECTRICAL INSTRUMENTS LTD- SALFORD 3:LANCS

A_SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD OF ENGLAND
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.. . fix it better,

more quickly and

neally.

Unbrako Socket Screws

have extra strength

and toughness.
They are made of

high-tensile nickel-chrome

steel alloy.
They stay put ®
until you want to removc them. lt o
Then—out they come,

smoothly, easily, without damage.

No wonder so many designers and cngineers specify Unbrako!

Acailable for immediate delicery.

Send for free samples.

UNBRAKO SOCKET SCREW
COMPANY LTD.

Manufacturers of Unbrako standard socket screws and

special screws to A.LD. requirements.

COVENTRY ENGLAND

WIRELESS lINGINEER, MARCH 1953 9
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HERE'S USEFUL INFORMATION ON

ENAMELLED WINDING WIRES

Types of enamel coverings

General Application

Range of Sizes

Thickness of Coverings

Wire Data

NN
If you use enamelled winding wires  BICC oil-base enamel covered wind-
for electrical purposes, send for a  ing wires, and includes tables and
copy of this publication. It contains  other useful data.

essential information on the range of
BRITISH INSULATED CALLENDER'S CABLES LIMITED @W
NORFOLK HOUSE, NORFOLK STREET, =4

LONDON, W.C.2
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sturdy
and
strong-

1 50007

iy ;

The compact, rugged design of the
Type 5 Carpenter Polarized Relay
is just one of the many reasons
why this small-size relay is so
frequently specified in many
fields of scientific research and

electrical engineering.

Other outstanding features include :—

HIGH OPERATIONAL SPEED
FREEDOM FROM CONTACT REBOUND
IMMUNITY FROM POSITIONAL ERROR
GOOD CONTACT PRESSURES

HIGH SENSITIVITY

ACCURACY OF SIGNAL REPETITION
EXCEPTIONAL THERMAL STABILITY

Type 5 Relay with cover.
Plug or solder rag base optional. c A R P E N I E R
Complete specification and POLARIZED
Surther details of the complete

range of Carpenter Relays may R E L A Y TYsP .

be had on request.

Manufactured by the Sole Licensees:—

TELEPHONE MANUFACTURING CO. LTD

Contractors to Governments of the British Commonwealth and other Nations.
LONDON S.E.2l . Telephone: Gipsy Hill 2211 (10 lines)

HOLLINGSWORTH WORKS . DULWICH -
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Success in our business depends largely

on versatility, and we think we have
achieved it. Our range of products is a
wide one—from an All-Metal House to
a Microphone Crystal Holder.

Our Research and Development Depart-
ment is available to the trade for assisting
in the design of products to give the
most economic method of production,
and finishing, from our self-contained
factory.

Give us the opportunity of quoting for

your pressings and fabrications.

PRODUCTS
Tingy

ADAMS BROS. & BURNLEY LTD.
Elmgrove Road, Harrow, Middlesex.

Tele : Harrow 6411 (5 lines)

e -  ——————————————
12

POWER SUPPLY UNIT

ned 4 Qﬂ
A '_ &. '] M

SERIES 100
DC Output, Stabilised, 200-350V 120mA, continuously
variable.
AC Output, Unstabilised 0-4-6-3V 3-0A.
Bench Model, as illustrated ... £58,
Rack Mounting Model ... ... £59.

Delivery ex-stock.
Available with negative bias supply at £63 and £64,
Power Supply Units and other special electronic equip-
ment made to customers’ specifications.

Pamphlet and full particulars from :—

HARVEY ELECTRONICS ILTD.

Precision Mechanical and Elecirical Engineers
273, FARNBOROUGH ROAD, FARNBOROUGH,
HAMPSHIRE. Telephone: FARNBOROUGH 1120

Radio and
Radar
Technigue

The author is well-
known as an outstand-
ing worker in the field
of radio and radar.
In this important new
book he surveys pre-
sent-day knowledge of
the essential methods
and techniques, paying particular attention to noise,
microwave techniques, waveforms, pulse circuit
techniques, and electronic tubes. A first-rate book
for designers and other advanced workers. Pro-
fusely illustrated. 830 pages. 75s. net.

| m—

Parker Street. Kingsway,

Pitman London, W.C.2
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\ AM1 159
] M2z [
RM3 2"

| A N
-+~ | . .
1 f;} Compare these outstanding features with
1 S D . .
T\, those of the rectifiers which at present you
' ‘ are using :-
- 1 - ® Iess wiring
| _: ® Unlimited instantaneous overload such
L oo as the charging current of de-formed
S = electrolytic capacitor
—T 3 pa 'Se
- al ® TFar lower heat dissipation.
n i ® No “ warming-up *’ period.
00| [ ® No valve-holder.
r;f" ® Practically indestructible in normal
N service.
- — ® Nolimit tosize of electrolytic capacitor.
B B ® Saves weight.
— - \ @® Saves space.
|
1 2l = | ® Low in cost.
iress
! ’ﬂsﬁ:nﬂls
RM4 i
Study these RATINGS
TYPE RMI RM2 RM3 RM4
Maximum ambient temperature 35°C 55°C 35°C  55°C 35°C  55°C 35°C  40°C  55°C
Maximum output current (mean) 60mA 30mA 100mA 60mA 120mA  90mA 275mA 250mA i25mA
Maximum input voltage (r.m.s.) 125V 125V 125V 250V
Maximum peak inverse voltage 350v 350v 350V 700V
Max. instantaneous peak current Unlimited Unlimited Unlimited Unlimited
Weight | oz. 1.4 oz. 2 oz. 4.5 oz.

AT Trese wan,

SELENIUM

Srandard Telephones and Cables Limired

(Registered Office : Connaught House, Aldwych, W.C.2)

RECTIFIER DIVISION: Warwick Road, Boreham Wood, Hertfordshire.
Telephone : Elstree 2401 Telegrams: Sentercel, Borehamwood

RECTIFIERS
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SULLIVAN & GRIFFITHS

DIRECT READING VARIABLE CONDENSERS
WITH NOVEL AIR CAPACITANCE DECADE RANGE EXTENSION

AND SILICA INSULATION

i

[ L

W

introduced in a manner such that small angular
movements, due to a possible uncertainty of click
positioning, produce only very small edge capacitance
changes on one sector only—in no position is there
the slightest change of coincident active plate area.

Thus a decade of capacitance is provided-—perma-
nent in value and entirely free from loss, the only loss
present in the complete combination of decade and
variable condenser being that due to the solid insulating
material which is ordinarily emploved in the construc-
tion of the latter.

This decade range extension principle has been
applied to our well-known Small Laboratory Grade
Variable \ir Condenser Type €830, which has now
besn impro.ed by the introduction of silica insulation.

The variable condenser has a range of 100 pul
which is extended to 1100 uul® by ten increments of
100 pp ke, all adjusted with accuracy so that the decade
is absolutely direct reading in uul?, no corrections or
calibration being necessary. Thus the condenser is
the equivalent of a variable air condenser, ten fixed
air condensers of zero power factor and high accuracy
and means for associating these condensers in a decade
fashion. Thus viewed, the great economy of the
scheme is immediately obvious.

List No. C880

These air dielectric condensers
comprise a decade of air capacitance
and a continuously variable air
condenser thus giving a scale accu-
racy ten times that of an ordinary
variable condenser of the same
range.

Moreover, since no additional
solid dielectric material is introduced
by the incorporation of the decade
extension, this open scale feature is
obtained without the usual augmen-
tation of power-factor. :

The decade is novel in that it
consists of a number of sectors of
a variable condenser introduced
with good definition by a ‘‘click’
device associated with a *‘Sullivan”
cone Dearing. The sectors are

H. W. SULLIVAN LIMITED, LONDON, S.E.I5

Telephone : New Cross 3225 (P.B.X.)

14
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AVAILABLE SOON FOR COMMUNICATIONS
AND INDUSTRIAL EQUIPMENT

E W= _';QDEE@%@E&UE EFoE DIEERE®
'A‘S’,
R
4.v
indirectly-heated\.f;’?@ su bminiatures
.’_\0
<&

Qp
RS @8 CeppmrecEcrccRNEERBROG

These new Mullard indirectly-heated subminiature
valves, characterised by their extremnely robust construction, excellent
electrical performance, low heater consumption and small physical
dimensions, will shortly be made available for communications and
industrial equipment.

Developed originally for Service applications such as
guided missiles and fire control systems, they will provide designers
with types specially suited to all electronic applications where space
is limited and where shock of impact or high g vibration is encountered.

The electrical performance of these subminiatures is
equal to, and in certain cases even better than, that expected from
valves of a much greater size.  The EF72 R.F. amplifier, for example,
which is suitable for use in the first stage of telecommunications
receivers, combines many of the qualities of larger low-noise receiver
input valves, with the ability to work at higher frequencies.

To enable experimental and development work to be
carried out with these indirectly-heated subminiatures, a limited
number of samples can be made available now. Designers who
require further information are advised to send their enquiries to
the address below as soon as possible.

Filament vV =V _v | \ |
Type No. Description or Heater a= Vg2 gl i a g2 Em
V) (mA) ) V) (mA) (mA) (mA/V)
EA76 Single diode (5 mm. bulb) . 6.3 150 150 (max.}) — ’ 9.0 (max.) — —_
EC70 U.H.F. triode oscillator 6.3 150 100 2.0 13 — 5.5
EF70 High slope R.F. pentode with short. suppressor grld base 6.3 200 100 2.0 3.0 2.5 2.5
EF7I Variable-mu R.F. pentode ... - . . 6.3 150 100 1.2 7.2 22 4.5
EF72 High slope R.F. pentode 6.3 150 100 .4 7.0 2.2 5.0
EF73 High slope pentode for mdustrlal appllcanons 6.3 200 100 2.0 7.5 2.5 5.25
EY70 Half-wave rectifier 6.3 450 | 250 (max.) — | 45 (max.} I — —
DY70 High voltage rectifier (dlrectly heated) " 125 140 | 10KV — 2.0 i — —_
| | (PLV) | | (max) |
N
MULLARD LTD., COMMUNICATIONS & INDUSTRIAL VALVE DEPT.. CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
MVT 130
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Folded

DISADVANTAGE of the simple dipole is
Aits low input impedance, which is only a

fraction of the characteristic impedance of
the ordinary line connecting the dipole to the
transmitter or receiver. This necessitates the use
of some matching device. This can be avoided by
using a folded dipole, the principal advantage of
which is its high input impedance. Another ad-
vantage is its broader bandwidth, the tuning of
the folded dipole not being so sharp as that of the
simple dipole. In 1940 J. D. Kraus! discussed
various types and gave the results of measure-
ments as shown in Fig. 1. The wire used was
No. 12 B and S gauge and the overall width 4 of
each dipole was 0-015 A; the frequency was ad-
justed in each case to give resonance and the input
resistance was determined by means of the stand-
ing waves on the transmission line of 570 ohms

———

(a) I:‘—k'—‘_‘ /52353‘}{‘

® =
N DI

d A 1=047A

=15kl

(<) ;-‘_:_—\ I—.‘_' R
Fig. 1

 Electronics, Jan. 1940, Vol. 13, p. 26; see also P. S. Carter, R.C.4.
Rev., Oct. 1939, Vol. 4, p. 168.
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Dipoles

impedance. The length ! of the dipole in terms
of the wavelength, and the input resistance are
given in each case in Fig. 1. The frequency was.
about 14 Mc/s. It is important to note that these

— -
. A_] l=0nA
5 | | o o R =4a500.

(a) T
1=038\
(b) R =230

Fig. 2

experiments were made with the dipoles horizontal
and only about 25 ft above the ground; as A/2 was
about 35 ft, it is probable that the results were
appreciably affected by the proximity of the
ground. The input resistances are from 20 to
309, above the calculated values; the high-
frequency resistance of the wires constituting the:
dipoles is only about 19, or less of the measured
values and can be ignored.

Two interesting examples of a different type are:
shown in Fig. 2. The theoretical lengths are
indicated on the diagrams; the actual measured
lengths for resonance are given beside them, to-
gether with the input resistances. These do not
lend themselves to such simple calculation as do-
those shown in Fig. 1.

It is well known that a simple dipole at its.

5k




resonant frequency has a radiation resistance of
73 ohms, which is not appreciably affected if,
instead of a single conductor, two or three con-
ductors are used in close proximity, as shown in
Fig. 3(a). With a single-wire dipole taking a
current I the power

I input is 73 [I%, and
if the single wire is
(2) replaced by two wires
of different diameters

so that the current in

I, one is /,, and that in
the other [, the
(b) radiated power will
be 73 (I, + )% If
now the two elements

I of the dipole are
arranged as in Fig.
- () 3(b), so that the
current is only sup-
plied directly to one

1
Ty

Fig. 3 and induced in the
other, for the same
currents the radiated power will be un-

changed, but the power supplied is equal to
I 2R where R is the input resistance. Hence

L 2
R 73(11'1' 12) =73 (1 + n)?

1
where # is the ratio of the current in the secondary
element to that in the primary element. If the
two elements are similar and I, — I,, then
R =173 ¥ 4 = 292 Q. With three elements, as
shown in Fig. 1(b) or in Fig. 3(c), the result will
be the same as in Fig. 3(b) with I, = 27, that is
n=2and R =73 x 9 = 657 Q, but only if the
currents in the three elements are equal, and to
obtain this result in Fig. 3(c) it is necessary for the
central primary element to have twice the dia-
meter of the secondary elements.

We turn now to a consideration of this question
of multiple dipoles with elements of the same

or different diameters.? Fig. 4 represents

a simple dipole

Ouax of length A/2 and

FL -——— exaggerated radius a.

R ] At the moment of

TT=- zero current the

il S | 4 charge is distributed

=---a-Jb------ according to a cosine
o

r curve as shown. We

_— % wish to calculate the

potential at O, the
centre  point  of
one end, due to
retardation, that is

Fig. 4

the charge, allowing for

*W. B. Roberts, R.C.4A. Rev., 1947, Vol. 8, p. 289. Rudolf Guertler,
Proc. Insin Radio Engrs, Ausiralia, April 1949, Vol. 10, p. 95 and Nov.
1952, Vol. 13, p. 389. 1t is on these papers by Dr. Guertler that this
editorial article is largely based.
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to say, the charge at A is not to be taken
as 1t is at this moment, but as it was
about half a cycle earlier. Were it not for this
retardation the potential at O would be given by
the formula

*A
¢ 1 x
Y= J Omax -COS 27 .. dx
0 r A

where omay is the charge per unit length at the
end, x is the axial distance from O, and

r — A/x2 = 4% To allow for retardation this has

to be multiplied by cos Zﬂ:giving

A
2 I ) .r . x
Omax - COS 2w~ . cos 27 . dx
Jo r A A

which may be written

.

A
L f eos 207 — %) dx]
' ot A

If A, 7 and x are expressed as angles (A — 2#)

‘/’ % Tmax |: ' L cos 2 (7’ + x) dx
o r A

.

then : cos (r + x) dx may be written
r + x| cos (r + %) :I dx
r |: r+x a(r+ 2 a(r + x)
in which, since
dir+x) _dlx + (8 + a?)i]
dx dx -
. x .
V® 4 a2 : r
r+x dx 1
r ar 4+ x) )
.. r—x dx
Similarly S X ar—x- 1

and the two upper limits are approximately

\/772 +a? + 7 = 2¢ and\/ﬂ2 + a® — 7 = a?2n.

Hence? putting Ci x — [ C%S tdt and

o

Cinx-rfl“c‘?”dt
o 1

27 .
‘/’ - % Oimax |: j’a COS,’(:_} x’)d(f’ + x)
at/27 ( o )
_Ja COS/ x" d(r — x):|
— 4 omax [ — Ci(a) + Ci(2n) + Ci(a) — Ci(a?/2m)]
= } omax [Ci(2m) — Ci(a?/27)]

* See Jahnke and Emde, ‘“‘Tables of Higher Functions,” p. 8.
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Putting Ci(x) = 0-577 + logex — Cin(x), in which
0-577 is Euler’s constant, we have
=1} omax

[loge2m — Cin(27) — logea?/2m +- Cin(a?/2n)]

which, since Cin (a?/27) is negligibly small,
2
= Omax } |:10ge4;; — Cin(21r):|

2 .
Omax |:logg . 3 Cm(%r)jl .

This is the potential at O due to the charge on the
dipole at the moment of maximum charge.

A - If now there is a

g 2 | parallel conductor of

. S e — i radius a, at a dis-
L —¢c%2 - o

L tance d (Fig. 5), the

d charge on which per

2a/ . . .
}_TL[ ___________ - unit length is # times
as great, the poten-
tial at O due to this

0&E

Fig. 5
second conductor will be
27

P = Nomax |:loge 7} Cin(zﬁ)}

and therefore the resultant total potential at O
will be

b

An 3 n+1

— Omax [logg adn e 2 Cln(zﬂ)}

The angular measure 27 has been replaced by
the linear measure A, and a and 4 are also now in
linear measure.

Similarly, the potential ¢’ at the point O’ on
the second element will be the sum of two
components,

Nomax [loge: éCin(Zn)jl due to its own
2
charge, and

Omax |:10g¢2 1 Cin('hr)] due to the charge on

the other element. Hence

n+1
$ — omas [loge?; P ICin(2n)]
When connected together as in a folded dipole
the two potentials ¢ and ¢’ are equal, and there-
fore a,d* — da," or (d/a,)* — d/a,, where a; and
a, are the radii of the two elements. Hence the
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total charge must so distribute itself between the
two elements that the ratio # of the one charge
to the other is given by the formula

n = log (d/a,) | log (d]a,)

In calculating the potential at O or O’ due to
the charge on the other element, it has been
assumed that it is uniformly distributed around
the wire, and can therefore be assumed to be on
its axis without any great error. If the wires are
so close together that the distribution is greatly
distorted, this assumption is not justified. We
will now apply this result to the symmetrical
three-element dipole shown in Fig. 3(c). If the
radius of the central element is 4, and that of the
two outer elements a,, and if the distance between
the central axis and either of the outer axes is d,
and the charge per unit length on each of the
outer elements is m times that on the central
element, then, omitting unnecessary factors and
Cin (27),

potential at O due to its own charge = log A/a,
potential at O due to outer element = 2m logA/d
potential at O’ due to its own charge m logA/a,

potential at O’ due to central element = logA/d
potential at O’ due to other element = m logA/2d
Equating the two resultant potentials

A 2m
10g<‘z>
A Ei ] A m
lo <> + lo <-> + log A/d
g a5 g 24 T 108 A/
from which

log d/a,

log d/2a,
From this the current ratio m can be calculated
for any values of a,, a, and d. If a; = 2a,, m — 1
and, since there are two secondary elements, the
transformation ratio of the input resistances
(1 + n)2 becomes (l + 2m)? which is equal to 9.

Another interesting example given by Dr.
Guertler is that in which 2a, = \/dal; i.e. the
diameter of the outer elements is the geometric
mean of the distance d and the radius of the inner
element. In this case m — 2 and therefore n — 4,
and the resistance ratio becomes 25.

In his recent article Dr. Guertler gives nomo-
grams from which one can read off the input
resistance ratio for various values of a,, a, and 4
for folded dipoles of two and three elements. He
also gives the results of some measurements
showing very close agreement with the calculated
values.

log Ala, 4

G.W.0O. H.
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RC OR DIRECT-COUPLED POWER
STAGE

Conditions for Maximum Efficiency
By E. F. Good. M. A.

SUMMARY.—It is shown that in a resistance-capacitance-coupled or direct-coupled output stage
consisting of an ideal triode of anode resistance, 7,. an anode feed resistance, Rp, and a given load resist-
ance, R;, maximum efficiency is obtained when Ep has a definite and finite relationship with », and R;.
The relationship is evaluated for a number of particular cases.

Introduction

T is shown in many textbooks that an ideal
Itriode of anode resistance, 74, working in class A

with a fixed h.t. voltage, and choke- or
transformer-coupled to a resistance load, R;, can
deliver into the load maximum a.c. power when
Ry = 2ra. 1t has been pointed out, however, by
Prof. Howe,! that this is only one solution to the
problem of optimum matching for a power
output stage and that, if quiescent anode dissipa-
tion instead of h.t. voltage is taken as the only
limiting factor, the maximum power output rises
continuously as the ratio R;/r, is increased, and
the efficiency of the stage rises from 259, towards
a limit of 509,.

In a recent paper by M. G. Scroggie? a solution
is given to the problem of determining the
conditions for getting maximum power from a
triode output stage when RC coupling is used, the
h.t. supply voltage is fixed, and R, and R, (the
anode feed resistance) may be varied. This again
is only one solution to the problem of optimum
matching; for example, the designer may be
presented with a fixed value of R;, perhaps a fixed
value of 7, and the only other fixed condition may
be the maximum voltage that is to be developed
across the load; the choice of h.t. voltage may be
quite open. In these circumstances, rather than
work out a design for minimum h.t. voltage, the
designer may wish to achieve maximum power
efficiency, so that the d.c. input power and the
heat dissipated by the circuit may be as low as
possible-—especially if, as is often the case nowa-
days, a large amount of circuitry must be com-
pressed into a small amount of space.

For a transformer-coupled stage there is, as
already indicated, no finite solution to the pro-
blem of maximum efficiency; the efficiency con-
tinuously increases as the ratio R;/7q is increased,
although in practice there is a limit set by the
maximum h.t. voltage that may safely be used.
Now consider an RC-coupled stage, Fig. 1. We
know from Scroggie’s paper that for a given value
of maximum voltage to be developed across Ry,

MS accepted by the Editor, Ap;l$)52
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and a given value of 74, the h.t. voltage required
will be at a minimum when R, has a certain
finite value. (For example if 7, = R;, then R,

should be equal to 4/2R;) If R, is reduced
below this value, the h.t. voltage required is
increased and, since the shunting effect of R,
across Ry is increased, the maximum alternating
current through the valve, and consequently the
direct current, is also increased. Consequently the
d.c. power input to the stage is increased and the
efficiency reduced. If, on the other hand, the
value of Rp is increased above the value given by
Scroggie’s analysis, the h.t. voltage must again
be increased but, since the shunting effect of -R,
across R, is reduced, the alternating current which
has to flow through the valve, and consequently
the direct current, is reduced.

It seems, therefore, that although a reduction
of Ry below the value calculated from Scroggie’s
analysis results in an increase of the d.c. power
input to the stage, an increase in the value of R,
by reducing the h.t. current required, may result
in a net decrease in the power consumed.
+V

Iig. 1. RC-cou;blet-i stage.

Of course, if Rp is increased indefinitely the
h.t. voltage required also increases without limit,
while the h.t. current does not fall below a mini-
mum value equal to the peak value of the
alternating current required in the load. It is
clear, therefore, that if », and R, are finite,
maximum efficiency (and consequently minimum
waste of power as heat) will be obtained for a
finite value of Rp. At the moment we do not know
if this is the same as the value for minimum h.t.
voltage; it may be a higher value.
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Before proceeding to find an answer to the
problem, however, it is useful to look again at
Fig. 1 and notice that if the lower end of the load,
R., is taken to a fixed voltage equal to the steady
voltage on the anode of the valve, the coupling
capacitor can be dispensed with, and the working
conditions of the circuit are not altered in any
way. This means that a solution for the RC-
coupled circuit of Fig. 1 is the same as a solution
for the direct-coupled circuit of Fig. 2; and it is in
terms of Fig. 2 that the problem will now be
stated and some solutions obtained.

Problem

Given that the triode valve in Fig. 2 has
idealized characteristics as shown in Iig. 3, and
that the value of its anode resistance is 7g; find
working conditions to give a maximum voltage
swing of -+ E across the given resistance load, Ry,
with minimum quiescent power consumption
from the h.t. supplies. [Note: If the signal is
purely a.c. (i.e., contains no d.c. component) and
the stage is distortionless (i.e., works in strict
class A) the direct component of the anode current
does not change when the signal is applied, and
the power drawn from the h.t. supplies remains
constant at the quiescent value.]

+V,

-V

Fig. 2. Direct-coupled stage equivalent to Fig. 1.

Solution

If we assume that maximum efficiency can be
obtained only if the valve is driven from cutoff to
Vg = 0, the dynamic load line, PQR, must lie

Ru(R»

At the point R the valve is cut off, and the output
voltage (i.e., the voltage across R;) is 4 E.

R,
E- Ny
: Rp+ R, 1
Ry + R,
oy =———F .. .. 1
Le., I, R, ()
e
i
ACY
20 f-=--~ - 4P
1
1
S/t
!
1
o AR AR
t [}
) )
)
\ |
| |
: ' R T
V2 Vi
Fig. 3. Characteristics of ideal triode.

At the quiescent point, (J, the output voltage = 0,
and the anode current is given by
1y

Kp
or, substituting from (1)

Rp — Ry .
RpRy @)

At the full-on point, P, the output voltage is — E,
and the anode current is 2z.

1, —E 2(Rp + Ry

/

Ya - 1€I)RL E
9 , 2rq (Rp + RL)
Le., I, {l RoR, }E
) R[;RL 27’a(Rg + RL) ‘
g E .. @)

Hence, the power taken from the h.t. supplies is
given by

. 5 ONo + RL) RDRL 1 2ra(RD 1 RL) Rp - RL
= 1% L i 2
(T Vol { RoR. KR RoRy
{Ry® + 2(Rs + ra)Ry 7+;2RL7'a} (__R_D_ + R,) E2
Kp? R,?
Rna (:;RL —+ 27’a)RD2 + 2RL(RL + 27a)RD -+ 2RL27’u E2 4
Rp? R;? )

across the valve curves as shown in Fig. 3.
(Note: POR represents the net load, R, and R,
in parallel. SQT represents K, alone, and
becomes the load line if R; is removed.)

From Fig. 3, or by applying Ohm’s law directly,
we can now write down three equations:—
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To obtain the required minimum value of IV,
we differentiate with respect to Rp, and equate to

zero. Thus
M 2RL(RL_ b 27a) A{4RL2ra E? 0
dRp Ry R | R2

i.e, R03 ) 2RL(I\>L -+ 27’a)Rp —_ 4RL27’a = ( (5)
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This is a cubic equation which is not apparently to 1-625 {(approx.); and so on until we are able to
factorizable; so it seems best to start with a construct a table of Rp/R, against rq/R; (Table 1)
solution for the limiting cast, 7o = 0, and then and a curve (Fig. 4).

obtain approximate solutions for a series of

numerical values of 74 and Ry, Now Equ. (4) gives the power consumption of

the stage, and the maximum output power

For ra = 0, Equ. (5) becomes (sine-wave) developed in R; is E2/2R;. Hence the
Rp® — 2R;2 =0 efficiency of the stage at maximum output is
ie, Ro = A/2R, .. .. .. (6) given by
E? 1 Rp2R,

TT2R W 2{RA + (BRi + 2ra)Ro? + 2R, (Ry +2ra)Rp — Ry )

Thus for 74/R; = 0, the optimum value of Rp/R; Substituting corresponding values of 74/R; and
is 1-4 (approx.). Proceeding then to 74/R, = Rp/R;found already, we get the values given under
0-1, we find the optimum value of Rp/R; increases 7 in Table 1 and by the second curve in Fig. 4.

"
5 125% o /
//
9
/
/ . . A
a < 10% ¢/
< / X 7 w4
-~ & Ny
QQ 4—86/0 9\ " n e 6
0 < |
5 b 75% W 5 —
=] s l/v/\,E s
—
] A
2 st a4
/ o-s"/a—;. oA
n R /R, =1 y V.
RolR, =42 \. Vi
'o i 2 3 a23be 0 ] 2 3 4
ol R rlR.
Fig. 4. Optimum R,[R; versus v /R, and corresponding Fig. 5. Optimum V| and 1", versus r R .
efficiency .
TABLE 1 TABLE 2

Optimum Values of Anode-Feed Resistance, Rp, and

Corresponding Efficiency, 7. Required H.T. Voltages, 'l 1 and-l 2 B

701\’L Rp/Ry 1]% 7aRL IIE VgE
— — |- — =
0 | 1-41 8-6 0 | 2-41 1:00
0-1 1-63 7-85 0-1 268 1-32
0-2 1-80 73 0-2 2-80 1-62
0-: 1-95 6-8 0-3 2:95 1-91
0-4 2:09 6-4 0-4 3-09 218
0-5 2.21 61 0-5 3-21 2-45
0-6 2-33 53-8 0-6 3:33 2.71
0-7 2-44 5-55 0-7 3-44 2:97
0-8 2:54 53 0-8 3-54 3-23
0-9 2-64 51 09 3-64 3-48
1-0 2.73 4-9 1-0 3-73 374
1-4 3-05 4-3 1-4 4-05 4-72
2-0 3:50 3:65 2-0 4-50 6-14
3-0 4:11 2.95 30 5:11 8:46
40 4-63 25 40 [ 5:63 10-74
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\We see then that the greatest efficiency that can
be obtained is 8-6%, when 7z = 0; and that as
ra/Ry is increased the efficiency falls to still lower
values. In addition it is interesting to calculate
the efficiency for Scroggie’s arrangement for
maximum output power when 7z and [, + 17, are
fixed; i.e., ra/ Ry — 1, Rp/R;, = 4/2. The result is

4{2\/1_) 3y which equals 4-3%, (approx.), or
just one half the efficiency that can be achieved
when rq/Ry = 0.

To complete the design of the stage when E has
been given and 74, R;, and R have been fixed, we
return to equations (1) and (2) and substitute values
from Table 1 to obtain corresponding values of
V7, and I’,. Results are given in Table 2 and in the
curves of Fig. 5.

Such then are the results for an ideal triode.
For any real triode, of course, allowance must be
made for curvature of the valve characteristics
and, in general, the net effect is that higher h.t.
voltages and a higher mean anode current will be
needed for a given ‘undistorted’ output. In a
practical design it will also be necessary to make
allowance for possible variations between different
specimens of the type of valve chosen. Neverthe-
less the value of R, calculated for the nearest
ideal triode will be an entirely suitable value to
use with a real valve, and it will remain true that
for a given output with minimum h.t. power
input a triode with the lowest possible 7z should
be used.

One other point is worth mentioning, and that
is the relevance of the above analysis when a
pentode or beam-tetrode type valve is used. When
a pentode-type valve is used efficiently the load
line lies across the valve curves so that the point,
P, lies just below the knee in the characteristic

?
] =0
’
201---AP
i
ST
'
'
Q
45 0 PSS S SIS '
' '
! '
| :
' 1
' '
0 . , R T
Fig. 6. Basic pentode characteristic.
(Fig. 8). Consequently, the effective value of 74

for present purposes is not the usual high value
but the low value representing the line OA.
Indeed in most cases this value will be so low
compared with R that it may be taken as almost
zero, and so we arrive at the useful rule that with
a pentode Kp should be 1-5 x R, (approx.).
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VIBRATION TEST FOR VALVES
Use of Repeated Impacts
By C. C. Eaglesfield, M.A., AM.LE.E.

(Standard Telephones and Cables, Lid.)

SUMMARY. A machineis described which gives a repeated-impact test to valves. The advantages

are that a wide band of resonances is excited and that the test lasts only a short time.

The impact

train is under sufficient control to be closely specified.
A short description is also given of the kind of routine adopted for tests of this kind, including a
check on the microphony, which is excited by this machine in a rather basic way.

Introduction

OR a very long time there has been a demand
Ffor valves which work under conditions of

heavy vibration without giving trouble.
In 1938 Standard Telephones & Cables introduced
a series of valves (4033-AF, 4307-AF, etc.)
specially tested for use in the standard aircraft
radio equipment, every valve being subject to a
run of half an hour under working conditions on
a bumping table. Today the demand is growing
A MS accepted by the Editor, July 1952
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rapidly and it is therefore necessary to consider
carefully the mechanical tests which can be used
to ensure the quality of the production.

Since the internal structure of any ordinary
valve has many mechanical resonances, it is
clearly not sufficient to vibrate at one or more
arbitrary frequencies. Such a test might strike a
resonance in one type and miss it in another, and
the trend of design might well be to construct
valves whose resonances avoided the specified
frequencies. One way around this difficulty is to
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use a ‘gliding tone’ covering a band of frequencies,
which would ensure that no resonance was missed.

A simpler way of achieving the same result is
to use impact testing, which also is effectively
aperiodic. The advantages of impact testing are
indeed generally agreed, but at first sight it
seemed to the writer that the difficulties of
specifying and controlling the mechanical condi-
tions might prove very great. However, it was
found in practice that the problem was easier
than had been expected and the following
description of a very simple apparatus may
therefore be of general interest.

Instead of having a few large impacts, there are
advantages in using a train of impacts, cach so
small that the valve is not overstressed, but
with a large cumulative effect. Al the impacts
could lie in the same direction or thev could,
for instance, alternate in opposite directions.
Again they might lie in different planes so that
the valve was shocked from every direction.
The method that has been used, chosen for its
practical simplicity, is to make the impacts all
lie in the same direction and to arrange the valve
so that its three main axes are equally inclined
to the linc of impacts.

\ description will be given in later sections of
the simple vibration gear which has been con-
structed, the methods used in checking the nature
of the impacts it gives, and tie routine that has
been followed when testing valves in this way.
For the moment we can consider the specifica-
tion of the impact train.

Specification of the Impact Train

lFor the purpose in hand we mayv consider a
valve to be a rigid envelope containing internal
parts whose supports have a number of mechanical
resonances. The effect on the valve of any applied
vibration is determined by the amplitude to
which the internal parts are excited and the
applied vibration is specified by the movement
of the valve envelope. In what follows, velocitics
and accelerations are to be understood as referring
to the envelope.

or the sake of completeness it is desirable to
include some elementary discussion of impulses
and pulses but the reader to whom the subject
is familiar may omit much of this section.

A single impact will throw the resonances into
oscillation having an amplitude proportional to
the size of the impact. This size is the area
under the acceleration-time curve, which is
usually in the shape of a pulse. The area is, of
course, the velocity-change.

If the impact is a mathematically ideal impulse,
the acceleration is infinite and the duration
infinitesimal, but the area is finite. An impact
of finite duration can be as effective as an impulse
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if the resonance considered has a periodic time
large compared to the duration of the pulse.
Thus the duration of the pulse decides whether a
resonance is excited at all. The duration is more
difficult to define than the size.

This question of relating the duration of the
pulse to the frequency of the resonances excited
can be dealt with in the following way. A pulse
of finite duration may be regarded as the output
of a low-pass filter excited by an impulse. The
relation between the duration of the pulse and
the pass-band of the filter depends on the defini-
tions used and is in general rather complicated.
The writer has dealt with this question previously.l

BEAMS

HINGE
VALVES

SQUARE CAM

Fig. I. 1 general view of the impact machine.
However, there is a simple empirical relation
which is adequate for the present purpose. This
1s that

Je = 1/21.
In this fc is the cut-off frequency at which the
transmission of the filter is reduced to 70°, of
the low-frequency transmission, and /. is defined
as thonugh the acceleration were constant and
equal to the actual peak acceleration. This time
Is casy to estimate from a given velocity-time
curve, if the transition is substantially smooth,
without undue oscillation.

It is a matter of judgment to decide, in
practice, whether the transition can be regarded
as sufliciently smooth.

It is now possible to replace an input of finite
duration by an impulsive impact acting through
a low-pass filter. Then for resonances well
below /. in frequency, the size of the impact is
determined only by the velocity change; a
resonance at f; is excited to 70°, of what would
be calculated from the velocity change; and
resonances well above /¢ are barely excited at all.

We have now reached the point where we can
see how to define each impact in terms of a
velocity change and a duration time. In addition
it is necessary to specify a repetition frequency.
The numerical values that have been used for
these three parameters of the impact train will
be dealt with later, but it is useful to mention
here some considerations in choosing them.

U “Transition Time and Pass Band,” by C. C. Laglesfield, Proc. Inst.
Radio Engrs, Feb. 1947, Vol. 35, No. 2.
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The repetition frequency should be fairly low,
to allow time for the resonances to decay away
between impacts. On the other hand the combina-
tion of the repetition frequency and the size of
impact should be chosen so that a fairly severe
dose of treatment is administered in a reasonable
time.

The duration of the impact should not be made
very short. It is true that a short impact will
excite a wide range of resonances, but it is liable
to vary from one machine to another or even n
the same machine according to the details of the
set-up.

The compromises arrived at will be discussed
in a later section.

The Impact Machine

The important parts of the machine are shown
in Fig. 1, in which will be seen a frame attached
by two deep beams to a hinge. The frame bears
on a square cam which is made to rotate. Now if
the angular speed of the cam were very slow, the
frame would follow the cam exactly and would
always be in contact with it. At higher cam
speeds ‘“‘bouncing” occurs and it is possible to
choose a size of cam, in relation to its speed,
such that each of its edges strikes the frame in
turn. This is the adjustment that has been used
in this machine and the free riding of the frame,
which rises and falls between blows under
gravitational influence alone, has been checked
both by stroboscopic inspection and by verifying
electrically that contact between the frame and
the cam lasts only a very short time at each
blow.

On the frame there is an arrangement for
supporting a pair of valves, clamps being provided
to hold them down. Not shown in the figure,
but used in practice, are valve sockets to make
contact to the pins of the valves.

The materials used in the construction were
aluminium for the beams, and wood for the frame
and clamps. The frame has a face plate of hard
tool steel and the cam is also of tool steel. A
sheet of aluminium was put between the face
plate and the frame. The clamps are lined with
baize, to reduce the possibility of crushing the
glass envelope of the valve.

The clatter and vibration from this machine
was objectionable and therefore it was enclosed
in a sound-proof box. To prevent it from shaking
itself to pieces, all wood-screws were cemented
in and lock-washers were used throughout.

Measurement of the Shock Train

After some experiment it was decided to use a
repetition frequency of thirteen per second.

Now this frequency effectively determines the
size of the shock which itself depends on the drop.
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We can visualize the frame bouncing on the cam
and therefore having a time 1/2f (f being the
repetition frequency) in which to drop. It is
very easy to calculate the velocity change at
each impact, if
we imagine the
whole mass con-
centrated in the
frame and ne-
glect the con-
straining effect of
the beams. The
velocitychangeis
glf = 3213
2.46 ft/sec.

Fig. 2. This illus-
trates a simple wayv
of checking that the
valve is put at the
cenlre of percussion.

B I
I

C.G. OF VALVE

¥

The effect of the inertia of the beams can be
eliminated by placing the valves at the centre of
percussion of the system. When this is done, the
motion of the valve is again that of a small free
mass and the size of shock again is g/f. The
easiest way to check the adjustment is to hang the
frame from its hinges, as shown in Iig. 2, and
verify that the periodic time is the same as that
of the bob pendulum shown at the side.

The duration of the shocks has been measured
by mounting a coil (moulded in plastic) on the
frame and using a magnet to produce an e.m.f.
in the coil (see Fig. 3). The e.m.f. is proportional
to the velocity and by connecting the coil to
an oscillograph and LEAUS FROM COIL
photographing  the
trace, a record of the
velocity-time curve
was made. This is
shown in Fig. 4(a)
which shows that the

Fig. 3. A diagranunatic

illustration of the way the

coil and magnet ave
arvanged.

velocity changes smoothly from one value to
another at the shock without undue oscillation.
Fig. 4(b) shows the transition on an expanded
time scale, and from it the transition time was
estimated at -4 millisecond.

This measurement was made using<oilsmoulded
to the approximate size and weight of valves of
each common type. The coils were clamped in
the place where the valve was put. Also the
measurement was made both with and without
baize in the clamps. The result was always the
same, from which it seems fair to deduce that the
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impact duration of 0-4 millisecond is characteristic
of the machine.

The transition time is evidently determined
by the resonant frequency of the beams, and it
should therefore be possible to repeat this time
on similar machines. It is worth remarking that
aluminium was used for the beams partly because
of its lightness and partly for its high mechanical
damping. The smooth transition that has been
achieved is due to this damping, both in the
beams and in the aluminium plate sandwiched
between the hard face plate and the frame.

Experience with this machine suggests that it
should not be difficult to make machines to give
a specified impact train. A specification which
this machine would fit would be

Repetition frequency: 13 per sec.
Size of each impact: 25 {t/sec.
Duration of each impact: 0-4 millisecond.
In writing a specification, it would be as well to

IMPACT

_—~ 04 x 10-3SEC
7

Fig. 4. (a) A reproduction of the photographic trace, show-
ing the velocity-time cuvve; (b) an enlargement of the part
of the trace near the impact.

provide limits, at any rate for the duration of the
impact, which could hardly be reproduced exactly.

While the figures given above seem very
suitable for the purpose in hand, other specifica-
tions could doubtless be met by suitable simple
machines.

As a matter of interest, it may be remarked
that the above figures correspond to a cut-off
frequency of 1,250 ¢/s and a peak acceleration
of 190 g; that is, 190 < 32 ft/sec2.

The Routine of Valve Testing

There is one further thing which has not so far
been mentioned that has been found valuable in
this machine. Since the mechanical excitation
is of a rather general kind, it serves as a good basis
for a test of microphony. Accordingly, the
microphonic output of the valve is checked
during the test. This output, at the start of the
test, is quite a general measure of the valve’s
microphony, and any increase in the output is
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an indication that wear has taken place, probably
in the insulators.

It is usually sufficient to strap the valve as a
diode and pass a moderate direct current through
it and a high resistance in series. A suitable
millivoltmeter is connected between anode and
cathode to indicate the microphony. This meter
should preferably respond to the mean arithmetic
voltage; this is a good practical compromise,
although there are theoretical arguments for
using an r.m.s. meter. But a peak voltmeter
would be objectionable.

Since the whole process of repeated impact
testing must be regarded as semi-destructive, it
has_been found best to proceed on a sampling
basis. The routine is very simple. Irom each
batch of tested valves, a random sample is taken
and vibrated; the fate of the batch depends on
the number of rejections in the sample.

To pass, a valve must still pass all the clauses
of the normal test specification after vibration,
and its microphony at the end of the period must
be below a limit set for the type. (The normal
limits are applied for the ordinary tests.)

The sample size is laid down according to the
batch size and the permissible number of rejects
is also specified. If this is not exceeded the batch
is passed; otherwise the whole batch is rejected.

The samples themselves are destroyed. A
suitable period of vibration for this test has been
found to be half an hour.
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PHYSICAL SOCIETY’S EXHIBITION

This year’s exhibition is from Monday, 13th April to
Iriday, 17th April, at the Imperial College of Science &
Technology, Imperial Institute Road, Exhibition Road,
London, S\W.7. Apart from one heavy exhibit in the
Mathematics Department of the Huxley Building in
Exhibition Road (for which entrance tickets will not be
needed), the exhibition is to be all in the main building of
Imperial College. Applications for tickets should be made
to the Exhibition Secretary, 1 Lowther Gardens, Prince
Consort Road, London, S.3\W.7. The tickets are of four
kinds; whole day for 13th or 17th April; whole day for
L4th, 15th or I6th April; morning, 10 a.m.-1 p-m., 14th-
17th; and evening, 5.30 p-m.-8 p.m., 13th-16th.

The exhibition is open to Fellows and the press only
from 10.30 a.m. to 2 p.m. on 13th April and for all ticket
holders from 2 p.m. to 8 p.m. On other days the hours are
10a.m. to 8 p.m. except on the 17th when the exhibition
closes at 5 p.m.
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FOUR-TERMINAL NETWORKS

Fundamental Theory
By O. P. D. Catteridge, M.Sc.(Eng.)

(Queen Mary College, University of London)

SUMMARY.

The object of this paper is to present the steady-state theory of passive

4-terminal networks (4-poles) in a manner that, taken as a whole, is believed to have the elements of
novelty and further, to be more rigorous than the classical approaches to the subject. The general
4-pole is regarded as being composed of # meshes and the external equations of the 4-pole are obtained by

solving the n-mesh equations using determinants.

Iterative and image impedances are obtained as

impedance properties of a single 4-pole and a suitable propagation function is associated with each pair

of impedances.

The relationship of these functions to the open- and short-circuit impedance functions

of the 4-pole is derived. Conditions in 4-poles in two types of cascade arc shown to be immediately

deducible from the external equations of a single 4-pole.

The paper concludes with tables giving

expressions for the image functions in terms of the iterative functions (and vice versa) and giving the
various external equations of a 4-pole written in terms of the iterative and image functions.

Introduction

LASSICAL +4-terminal network theory was
Cdeveloped more or less simultaneously in a

number of countries at the beginning of the
twentieth century for dealing with telephone lines
and their associated networks. The theory has
long ceased to be the interest of telephone engin-
eers solely, and today is used throughout the whole
field of communication engineering and elec-
tronics. Applications of the theory to subjects
quite outside the communications field have been
given; for example, in pure physics, to wave
propagation in crystals! and to thermodynamics.?
Classical 4-terminal network theory is really the
algebra of linear (passive) one-dimensional trans-
mission systems and a large number of diverse
subjects could, perhaps, be usefully linked to-
gether under this heading.

/I—bo—l —04—[Z
£ £,
—C

END 2

Ot
END |

Fig. 1. Geneval form of 4-pole metwork defining the

terminal voltages and currents.

Passive 4-terminal network theory is normally
developed in one of two ways; either around the
conception of the equivalent T and 7 networks3 or
from the difference-equations treatment of a
cascade of 4-poles.® This latter is an exact parallel
with the well-known differential-equations treat-
ment of the uniform transmission line, except that
an additional parameter appears due to the asym-
metry of the general 4-pole. In the present
treatment the external equations of a single 4-pole
are obtained from the more fundamental mesh

MS accepted by the Editor, April 1952
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equations. The usual iterative and image func-
tions are discussed with reference to a single 4-pole
and their existence as one-valued functions
investigated. Conditions in 4-polesin two types of
cascade are then shown to be immediately dedu-
cible from the external equations of a single 4-pole.

1. Derivation of Fundamental Steady-State
Equations

The general passive 4-pole with linear, time-
invariant, elements can be regarded as being com-
posed of # meshes, mesh 1 being completed by
voltage E, at end 1 and mesh 2 being completed
by voltage E, at end 2. Since the 4-pole is being
taken to be passive, no alternators are present in
the interior meshes of the networks and so the
following equations are obtained by applying
Kirchhoff’s voltage law to each of the # meshes in
turn:—

Ey=Znly + Zyply + Zyply + .+ Zindn

Ey = Zyly + Zaply + Zoglyg + .. + Zouln

0 — Zg1, ?3212 {3313 Eo “3nin
0 — 24111—§- [4212 [4313 B ‘1-[4;;111 (l)
(1= lnlll + Z"212 [n313 - + Zunln

Iy, I, I3 .. I, being Maxwell’s mesh currents, I,
and I, defined as in Fig. 1 and the sense of circula-
tion of the others being immaterial. Z; (s

1, 2,3, .. n) is the self impedance of the ¢th mesh
and Z; (¢ #£7:4,7 = 1, 2,3, .. n) is the mutual
impedance between meshes ¢ and 7; i.e., the total
impedance common to meshes ¢ and j. If the
4-pole did not contain unilateral components, such
as radio valves to couple one mesh to another,
then Zi; would equal Z;;. However, it is generally
taken that restricting the 4-pole to be passive
excludes radio valves as coupling components by
virtue of the equivalent alternator circuit. It
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should be noted that equations (1) hold whether
the 4-pole is being driven from end 1 into a load
at end 2 or vice versa, or being driven from both
ends 1 and 2 simultaneously.

Solving equations (1) by the
determinants (Cramer’s rule) we have

1<C .
I; ZZ Edy =12 L@
=1

where A is the determinant ol the / terms, I;;
are colactors and D;; — Dji i Z;; — Zji.

Since D;;/A has the dimensions of admittance
we write Dij/A = v;and (2) becomes:—

method of

n
I Z Eivij j=1,2 B
i=1
Since impedance properties of the 4-pole will be
used later, it is better to have the fundamental
external relationships in the form:

n
E; Z I; zjj L 1,2 .. (4
i =Y
where
\'
- 12
12 A
Vip Voo — V2™
Vaa z,
211 o 7 B T o (' )
MV o Va2
oo ALY
o Vi Ve — Vis®

By relerence to equations (3) and (4) the v and
z terms can be interpreted as terms of the net-
work’s open- and short-circuit, driving-point and
transfer impedances and admittances.

The three functions (of frequency) ¥y;, Vy9, Va»
(or 2y, 2,3, 255) completely determine the external
properties of a passive 4-pole. That is to say,
given the three functions v,;, vy, Vs (O1 24y, 2)4,
Zy) and any two of the quantities I}, E,, I,, I,
then the remaining two of the latter quantities can
be determined. I'or 4-poles containing radio
valves as coupling elements, four functions would
have to be used completely to determine the
external properties. On the other hand a sym-
metrical passive 4-pole, that is a passive 4-pole
whose external behaviour is unchanged on inter-
changing ends 1 and 2, only requires two func-
tions to determine its external behaviour.

2. Open- and Short-Circuit Impedances

Let us write Zsey (Zoc1) for the impedance seen
looking into end 1 with end 2 short-circuited
(open-circuited) and Zgs2 (Zoco) for the impedance
looking into end 2 of the 4-pole with end 1 short-
circuited (open-circuited).

If we open-circuit end 2, I, =0 and using
equations (4) we have:
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Zocl (El/Il)l:z:o 2“ L8 a o - (6)
We may note here that by virtue of the sym-
nietry of our notation and reference directions we
may interchange suffixes 1 and 2 in all our
equations. This will often be done in future work-
ing. From (8), lor example, we have immediately:

Zoc2 299 - - .. .. ‘h (7)
If we now short-circuit end 2, I, = 0,
2
p P
W Zser = (Ey/I)g,—0 = 7y — 2%
223
2
: )
22
e 211 212 2
where z 2ps 29y C10F22 T a2 . 9)
Interchanging suffixes | and 2 in (8) gives:
Zgg =L N [
o (10)
So, for any 4-pole:
Zochscz Z?c‘zzscl . (11)
Since 2122 Zoc2 (Zocl Zscl) (1_))

a knowledge of any three of the open- and short-
circuit impedances of the 4-pole may be said to
‘almost determine’ its external behaviour. Two
externally different 4-poles could actually be con-
structed having identical open- and short-circuit
impedances, but with the transfer iimpedance of
one being the negative of the transfer impedance
of the other. Thus the two 4-poles could be made
externally identical merely by interchanging the
output (or input) leads of one of them.

Since, for a symmetrical 4-pole, z;, = 2,,,
ZLoct = Locz = Zoc SAV " o (13)
Zscl Zsc? = Zsc say .. a o o (14)

3. Iterative Impedances and Iterative Propagation
Function

Suppose an idealized constant-voltagegenerator
having zero internal impedance be connected to
end | of a 4-pole and end 2 be closed by a passive
impedance Z, (i.e., the real part of Z, is >0). Let
the impedance that the generator looks into at end
1 be Z,. Now, in general, the input impedance,
Z,, of the 4+-pole and the terminating impedance,
Z,, will have difierent values. The question arises
whether it is possible to satisfy the equation:—

4y =udy a. .. . (15)
for any values of Z, and, if so, how many? The
answer to this question will now be investigatec.

T'he general external equations for a 4-pole, (4),
written in full, were:—

E) = a1} + 250,

E, = 2y + 230, (16)
and the following boundary conditions have to be
satistied in this case:—
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I

E\JI, =Z,; El, =2, .. .17
Substituting (17) in (16) ylelds fmally —
z
Zy =y — ce e .. (18
1 U7 (18)

Thus, Z,; will equal Z, for values of Z, satisfying
the equation

Z2 + Zy (299 — 2y) + (212" — 2y 220) = 0 (19)

Since we have made the proviso that the real
part of Z, must be greater than or equal to zero,
the number of solutions to (15) depends on the
distribution of the roots of (19) on the complex
Z, plane.

Let us now make the following definition:—

The iterative impedance looking into end | of a 4-pole
is Z,, if, when an impedance Z, closes end 2, the
impedance seen looking into end 1is Z,,. Similarly the
iterative impedance looking into end 2 of a 4-pole is Z, if,
when an impedance Z,, closes end 1, the impedance seen
looking into end 2 is Z,.

That these impedance functions always exist as
passive impedances and can both be made one-
valued will now be shown.

It is evident that, if one identifies a certain root
of (19) with Z,,, then Z 4, is minus the other root
of (19). In the Appendix it is demonstrated that
with physically-realizable passive 4-poles the real
parts of the roots of (19) must be of opposite sign
with the real part of one root zero as the limiting
case. Thus it is always possible to choose the
impedance functions Z, and Zy, from the roots of
(19) in such a manner that both Z,, and Z, exist
as passive impedances and are both one-valued.

From (19) we have:-

\/_(zu + Z3)* — 425" (20)

4

and interchanging suffixes 1 and 2 gives:
Zy + \/(-zu + 2p9)? 4‘3'122 (21)

; 2y — Zy9
Zoy = " %o

Zop = “a2
The following results are easily derived using
the results of Section 2,

Zoy - ZLog=ZLocr.Lsca = Loca. Zsc1 = |2 .. (22)

Zoy — Lop = Zoar — Loz .. (23)

2y, — 2ot = Zor =V (Zon — Zoca)* + 4Zsc1.Zow
>

(24)

202 7002 - /ocl+\/ 7001 - /002) +4/scl /ocz

2

a8 (25)

For a symmetrical 1-pole,
Zg=Zp =2, 52y = V2 _zu— \/ZJ(C—Z—S)C
.. (26

Thus the two normally- dlfferent iterative 1im-
pedances of a 4-pole become equal when the 4-pole
is symmetrical.
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Iterative Propagation Function

One other function, in addition to the two
iterative impedances, is necessary in order to
determine the external properties of a 4-terminal
network and it can be arbitrary except that it
must be independent of Zy; and Zy,.

However, a function expressing the voltage gain
(or attenuation) of a network will probably be the
most generally useful and, moreover, following the
usual communication-engineering arguments, the
logarithm of the voltage (or current) ratio would
be preferable to the plain ratio of voltages. Thus
we have the definition:—

The iterative propagation function, y, of a 4-terminal
network is the natural logarithm of the ratio input current
to output current when the network is working into the
appropriate iterative impedance. We shall assume for
the moment that there are two possible values of y for
a given 4-pole; y,, say, when driving from end 1 into a
load Z,, at end 2 and y, when driving from end 2 into
a load Z,, at end 1, as shown in Fig. 2(a) and (b). The
equations for these two cases are then:-

I =
y1—10g< ‘l) I ¥ )
2
and y, = log ( IL,) .. .. .. (28)
—
0 =
|
Zol ZDI
O]
! 2 (a)
=7l I,
0
Zoz <oz
1 2 (b)
I\ . 2. [terative propagation function of metwork driven

at end 1(a), and dviven at end 2(b).

We shall now show that for any passive 4-

terminal network: —
Y1 = Y2 — ¥, Say.
Taking the general external equations (16) and
inserting the appropriate boundary conditions for
driving from end 1 into a load impedance equal to
Zy at end 2 we have:
1yZ o = 2yl + 200,
— 1,24 = 21501 + 25915 .. .o (29

Therefore,

2y + 219 (Io/1)) -
and writing (1,/1,)

2y (Iy/1) — 25y
exp. (y;), we have,

z z
exp. () +exp. (—yp) = 2 3)
12
Therefore, cosh y, “»_-;f Fa (31)
=Z12
\
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Since interchanging suffixes 1 and 2 leaves the
right-hand side of (31) unchanged, we see that:—
Y1 Y2 — 7, 54y,
and y, the iterative propagation function is given

u + %
225
Thus the three independent functions Zy;, Z4,

and y can be used to determine the external

properties of a 4-terminal network.

(32)

4. Image Impedances and the Image Propagation
Function

Let end 2 of a 4-terminal network be closed by
an impedance Z;2 and let the impedance then seen
looking into end 1 be Z;. Now let end 1 be
closed by an impedance equal to Z;; and let the
impedance now seen looking into end 2 be Z’p.
We shall now investigate whether it is possible
to satisfy the equation:—

VAT AT
for any values of Z;» and if so for how many
values?

The equations corresponding to the above
boundary conditions are as follows::

Evl = Zn; Eo/ls = Zys (33)

- EyJIy = Zn; Eo/ls — Z'p2 (34)

Substituting equations (33) and (34) in the general

external equations (16), we see, after some

manipulation, that Z’,2 will equal Z,s for values of
Z 13 satisfying the equation,

2
A . 222212, o 2222 -0 (35)
“n

The roots of (35) lie either one in each vertical
half-plane or both along the imaginary axis. If,
in the latter case, we conventionally agree to take
the value in the upper half-plane and bearing in
mind we restricted Z,2 to be a passive impedance,
it is seen that Z, alivays exists as a one-valued
passive impedance. It now follows from (16) that
Zn also always exists as a one-valued impedance
and is further a pas.ive impedance, since both Z,s
and the 4-pole are passive. We thus define two
image impedances as follows:

The two image impedances of a 4-terminal network,
Z;, and Z,, (appropriate to end 1 and end 2 of the net-
work respectively), are of such a value that

(@) an impedance Z;, is seen looking into end 1 when

end 2 is closed by Z;, and

(b) an impedance Z,, is seen looking into end 2 when

end 1 is closed by Z,,.

Solving (33) we have:—

2

7 2 Za2fip

i ot
1

and interchanging suffixes 1 and 2 gives:—

(36)
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These results are obtained in a neater form bv
writing |z| for z;,2,5 — 25> as before,

I — \/ i VO (38)
Z22
Ap—  [F2E (39)
Zn
Dividing and multiplying (38) by (39) gives:—
le, 212 Z“ ,222 (4())
and Zn . Zpp = 2| .. (41)

Substituting (6) and (8) in (38) yields the simple
expressions for the image impedances in terms of
the open- and short-circuit impedances of the
+-pole:—

Zn — \/ch . Z‘od 00 00 (42)
and interchanging suffixes | and 2 gives:—
Zl'z — '\/7:302 . Zécé (43)

Since the open- and short-circuit impedances
of a 4-pole can frequently be obtained by inspec-
tion, these equations are often used in practice to
obtain the values of the image impedances of the

network. Irom (22) and (41) we have the

interesting results:—

ZII-ZI2 ZOI-Zo2"_Zocl-Zsc2'_Zoc2-Zscl (44)
For a symmetrical 4-pole:—

in—=Zp—=Zon—Zo '\/Zsc Zoe = Zp (45)

Thus the four normally different impedance
functions of a {-pole become equal when the
4-pole is symmetrical.

Image Propagation I'unction

It will be found more convenient to have the
propagation function associated with the two
image impedances expressed as a ratio of input to
output volt-amperes rather than a ratio of input
to output currents (or voltages). When working
into iterative impedances, voltage, current and
volt-ampere ratios all give the same result but
when working into image impedances the results
normally differ. Thus we have the definition:-

The image propagation function, 8, of a {-terminal
network is one-half of the natural logarithm of the ratio
input volt-amperes to output volt-amperes when the
network is working into the appropriate image impedance.

As with the iterative propagation function, we shall
first assume that there are two possible values of 6, 6,,
sayv, when driving from end 1 into a load Z, at end 2 and
6, when driving from end 2 into a load Z,, at end 1, and
later we shall show that the values of the two are equal.
They give the equations

0, = % log (E\1y
and 9, = } log (E,' 1,/

- E,l)
- EI,II/)

(46)
(47)
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We shall now show that for any passive 4-terminal
network:—

0, = 8, — 6, say
Taking the general external equations (16) and
mserting the appropriate boundary conditions for
. driving from end 1l into a load Z,2 at end 2 we
have:—

I = 2z3/Zn 4 25(1,/E)) } (48)
V= z2y(I,/Eg) — 290/ 212
i -1,
o—»—|
2y —> Ifu Ezl Z;,
Lo !
1 2 (9)
-1 I
|0
Zr 15; 5;1 ‘—Zrz
—
{ 2 (v)

Fig. 3. Image propagation function of network driven at

end 1(a), and driven at end 2(b).

From (48) we obtain:—
exp. (20,) = E,I,| (— E,l,)
Zoeln + Znis
2uZiz — ZnZis
Using (40)) we see that interchanging suffixes 1 and

2 leaves the right-hand side of (49) unchanged and
hence:—

(49)

0, =6, = 18
and 6, the image propagation function, is given
by:—

exp.(26) — 1
tanh 6 exp.(26) © 1
re (50)
“22

Using the value previously obtained for Z,2 in

Substituting (6)-(10) in (51) yields the simple
expressions for the image propagation function in
terms of the open- and short-circuit impedances

of the 4-pole:—
Zoc2

tanh 6 N//SCI
/001

Like (42) and (43), this equation is also often used

(52)

.in practice.

For a symmetrical 4-pole, using (13), (14) we
have:—
tanh 6 — Vil — 22 _ J?ﬁ% (53)
Zn Zoc

Comparing with (32) we see that the normally
different 1mage and iterative propagation func-
tions are identical when the network is
symmetrical.

Thus when symmetrical 4-poles are considered,
the image and iterative functions reduce to the
same pair of functions determining the 4-pole’s
external behaviour.

5. 4-Poles Connected in Cascade

By virtue of our definitions of the iterative and
image functions the resultant functions for two
types of cascade follow immediately; viz, (a) a
cascade such that iterative impedances corres-
ponding to all left-hand ends of all 4-poles are the
same, iterative impedances corresponding to all
right-hand ends of all 4-poles are the same, while
values of the iterative propagation functions are
immaterial and (b) a cascade such that image
impedances at any two ends to be joined are equal
(i.e., matched image impedances at all junctions).
The external equations for these cascades are
hence obtained straight away from the external
equations of a single 4-pole.” We shall first con-
sider the case of n identical 4-poles cascaded on an
iterative basis and then #» identical 4-poles cas-
caded on an image, or back-to-back, basis.

5.1. Iterative Cascade of n Identical 4-Poles

We shall here find it convenient to adopt the
notation of Fig. 4 for the voltages and currents.

A /M 7, A A I, Z,
— — E— —_— —— —_—
Tig. 4. This diagram defines the
nolation for voltages and curvents T Ty TV
in a cascade of 4-poles. 1 1 T 2 T T k T T n r Zy
£ £ Er Exa Ee £ £,

(39) we have finally:—

tanh 8 J d (31
2y - 222

Thus the independent functions Zn, Z,e, and 6
can be used to determine the external properties
of a 4-terminal network.
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Equations (54) and (55) follow immediately
from the appropriate pair of equations in Table 2
by replacing y by ny and ky for (54) and (55)
respectively and remembering the different
notation now being employed:—
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Lo exp. (ny) + Zgo exp. (— ny) 2oy Z s exp. (ny) — exp. (— ny)]
E n B Eq 0102 : =1 3 54
v Zn+ L " A " 54
I exyp. (11):} — exp. (— ny) E, Zys exp. (ny) + qu exp. {(— ny) I,
’ ) Zoy /n-z’ ) Zo + Loz ‘
Ea Z s €XPp. (/\"y') + /{,1 exp. (— ky) E /(,1/0._,_[ex1)."(/cy) — exp. (— k) I
Zoy + Lo ] ! ] Zo+ Zoe ’
By — 5B (/\‘—)’/) ex’pl(-_ ky) £ Z g exp. (/e?/) -+ [5’2 exp. (— ky) It (55)
Zow + L ’ Zow + Zo2 ’
and for the boundary condition at the far end we 7 )
have: 2 E, N/ill (coshn@) Ey -+ A/Zn. Zps(sinhnf) I
L1
Enfly = Zz (56) .
A . sinh nf . 7
I'rom these five equations the voltages and Ig - Ey 4+ 12 (cosh nb)l,
currents at any point along the cascade may be V2. Zn N Zn
determincrl. (60)
Solving for I and Ir in terms of E,, for
example, we have finally: 7
1 . Y ! E} J “'% (cosh kO)E, — A/ ZnZ s (sinh k0)I
Ey—E Zovexp. (n —ky) + Zoorrexp. (—n — ky) Zn
) 2 Zo exp. (iny) + Zo2re exp. (— ny) sinh 48 7
. . .. (57) Iy — [, \/f” (cosh k)1,
’\//11/12 /12
I exp. (n — ky) —re exp. (—n — ky) al R - .. (81)
e = g P
Zov exp. (ny) + Zoarw exp. (— 1) and for the boundary condition at the far end we
i ¥ o 2 (3% jhave againi—
Zn— 72
where 7y = I /(;; (59  Eulln= Za (62)

These equations are similar to the eqnations
giving the voltage and current along a uniform
transmission line, but are rather more complicated
due to the asymmetry of the general 4-pole.

One can regard incident and reflected waves as
being present in a cascade of 4-poles just as in
uniform transmission lines. It can easily be seen
from the above equations that the condition for
absence of the reflected wave is that the chain
should be terminated by the appropriate iterative
impedance. A further interpretation of the
iterative impedance, casily derived from the above
equations, is that it is the impedance seen looking
into the appropriate end of an infinite iterative
cliain of 4-poles, however terminated, but provided
that the real part of y is greater than zero. The
insertion ratio is given in Table 4.

5.2. I'mage or Back-to-Back Cas-
cade of n Identical 4-Ioles
Adopting the same notation

Ex 50\/

The above equations (60) and (61) applv for
both n and % odd and for end 1 of the first 4-pole
to the left. Equations (61) and (62) actually give
complete information from which all quantities in
an image cascade can be calculated when it is
borne in mind that:

(a) If n is even, one must change suffix 2 to

suffix 1 on the image impedances in (60).

(b) If & is even, one must change suffix 2 to

sulhix 1 on the image impedances in (61).

(c) 1f end 2 of the first 4-pole is to the left, one
must interchange suffixes 1 and 2 on the
image impedances in both (60) and (61)
after making the changes in (a) and (b)
above.

Solving for Fj and /4 in terms ol E, for
example, we have finally,

Zr2| exp. (n — kb) + ruzexp.
Zn L exp. (n6) + ru (-

(—mn

)] ;
n@) :l {a2)

for the voltages and currents Ik Ey |:e:xp. (m — #0) — raz exp. (—n — /”’0)] (64)
as with the iterative cascade, \/lezl'-’ exp. (n6) + ras exp. (— nb)

we have the following equations B i ) Ze —Zn Ln — Lp
immediately from the appropriate pair of T¢I S R T 2 T (65)

equations in Table 3 by replacing § by 76 and
#8 for (60) and (61), respectively, and noting the
different notation now being emploved:
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(63) and (64) are correct for both » and % odd:
For n even: change suffix 2 on the reflection
coefhcients to suffix 1.
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For % even: change suffix 2 on the image im-
pedances to suffix 1.

A wave interpretation of the above equations is
again possible, but a further complication arises
hery, since in addition to Ex and I being functions
of a discrete variable, %, the form of the functions
changes according to whether % is odd or even.
However, as might be expected from the definition
of the image propagation function, the volt-
ampere function, Ep I;, is the same function
regardless of whether £ is odd or even. From (65)
we see that the reflected wave disappears when
the load impedance is equal to the appropriate
image impedance. From the above equations it
can also be seen that the appropriate image im-
pedance is seen on looking into an infinite image
chain of 4-poles, however terminated, but provided
that the real part of 6 is greater than zero.

The insertion ratio in terms of the image
functions is given in Table 4.

TABLE 1

Expressions for the Image Functions in Terms of the
Itevative Functions and vice versa.

Zn \/Zmzqz [Z a1 €XP- (y) + Zos €Xp- ( ‘)T_]
Z o3 €xp. (y) + Zoy €Xp. { —v)

/Zmloz [Zo; exp. (v) + Zm exp. ( —‘)’)]
Zgy exp. (y) + Zoy exp. { —y)

) ZoZ
sinh 8 = VZ0Zu [exp. (y) — exp. ()]
lon ZOZ

: \/Z_‘"é)z _ sinh y
3 (Zo1 + Zoz)
i.e., sinh § =

geometric mean of iterative impedances
arithmetic mean of iterative impedances

_(Zn — Zn)cosh 8+ (Z,,

hy

Z )% cosh? § — 4Z“Z,§

zZ
* 2 sinh
Zo2 = (le Z“) Eel0ER \/AZ“ "‘_le)2 cosh?§ — 42‘11212
oo 2 sinh 8
Z A
cosh y L '“,‘—t,-’—”-) cosh 8
V' ZnZn,
i.e., cosh y arithmetic mean of image 1mpedances sh 6

geometric mean of image impedances

TABLE 2

Evidently the external passive 4-pole equations (3),
(4) can be written in six different ways altogether* viz:-

I, = ynE, + J’nEz} E, = enly + 2121, }
I, = y1.E, + ¥5oF, Ey = 200y + 290l

* The notation used here follows E. A. Guillemin, “Communication
Networks,” Vol. I, pp, 135-133. This Table and Table 3 can be regarded
as an extension of the table given on pp. 137-138 of Guillemin’s book.
It should be noted that while the ¥ and z terms are all respectively
admittances and impedances, they are not the reciprocals of each other.
The g and % terms are not all of the same dimensions; thus, g,, is an
admittance but g,, is a numeric.
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I &k, +g12]z} E,
Ey = gnE; + gol, Iy, =hydy + hyE,
E, = 4AE, — BI, E, DE — BI,
1, =CE, — DI, I CE — Al,.
The following table expresses the various 4-pole
functions in terms of the iterative functions:—
02 exp. (y) + Zm exp. (— y)

Zmzoz [exp. (y) — exp. (_ )]
(log — Zo) + + loz) coth Y

hu L+ h,,E,}

Y =

+ (Zn

lmZ

y o 01 :”_Zoz

' ZyZo [exp. (y) — exp. (— y).
lox Loz

2 /01/02 sinh y

Zoy exp. (y) + Zg, exp. (— y)

Z01Zos LEXP-. (‘)’) — exp. (— ‘)’)
(Zm — Zgy) o+ Zoz) coth y

)/onloz
Z g exp. (‘)’)+/2exp( )

_exp. {y) — exp. (— y)
(Zor — Zw) + (Zoy + Zy,) coth y

2

Zyy Zos _ Z_m Zgs
exp. (y) exp. (— y) 2sinh y
?oz exp. (y) + Zg; exp. (— y)
exp. (y) — exp. (— y}
(Zog — Zm) + (Zgy + Zgp) cOth y

2

exp. (y)
Z o exp- (y)

exp. (— y)
Zgy €xp. (— y)
2

N (Zo Z o2} (Zo; T Zgp) coth y

Zoy + Zos ~
Zoy exXp. (y) + Zoy exp. (— y)
o Lo+ Zgs

(Zn Zgs) sinh y + (Z
ZuZos [exp. (y) — exp. (—)]
Z g exp. (y) ; Zoz exp. (— )
=L

(Zor — Zo2) + (Zoy + Zog) coth Y
C Ry = _ZmZoz [exp. (‘)’)__ exp. (=)

Zp exp. (y) + Zoy exp. (— y)
2Z0Zos

4 017+- Zoz) coth y
Zn + Zoz
Zgq €XP. (‘)’ + Zox €xp-. (= ‘)’)

01 ' 02

(Zos — Zoy) sinh y + (Zo, + Z,,) cosh y
exp. (y) — exp. (— y)
Z g €xp. (y) + Zox exp. (— y)

Er2 — 82

Zg,) cosh y

(Zoy— Zoy)

hyp = — hy

(Z_ —Zy (lm b Zgp) coth y

)
4 — Zgy exp. (y) + Zgp €xp. (_‘)’
2) €

Y
/0 202
(Zox + Zgs) cosh y + (Z,,

Zox ) 202
B — ZywZ e 'exP. () — exp. ( y)
220 Z siﬁ}()ll e
_ =%01 %02 S Y
Zoy + Zos

Z,) sinh y




¢ — &P () — exp. (= y)
" Zos + Zon
sinh y

2
Zoy + Zos

b= ZneP )+ Zaexp (=)
+ Zga
(Zo1 '[';Z_nz) cosh y -|_-(‘ZM‘ = Zqy) sinh y
Z()l + ZOZ

The determinants of the various coetficients are as
follows: -

l2| = 211290 — 210" = Z1Z e
(Y] = 211yes — Y1a® = 1//,,1/02 o+ 2 ( )
— ~ - (]A) CXP. Y)+ Zm CXP' — )
lg] = 811822 — Bub12 exp. (‘y) + Zgg oxp. (= )
‘0’ — /01) + ([m_ T log) coth y
(701 - 202) 0 (an [02) COth'y
— Y exp. (‘}') [l an exp. ( _‘y)
lh - huhn T ll?lhm ) /02 exXp. (’}') + 701 exp. ( )
= \Eosi — 4 2) (Zol [(,.:) coth y
(Z 0 — Za) + (Zo1 + Zyg) coth y
A B
Ic D 4D — BC 1
TABLE 3

In this table the various 4-pole functions are expressed
in terms of the image functions. The notation for the
various functions is the same as in Table 2.

coth @ 1 1 coth @

Y= g » Ve = _\/Z“Z_I;' sinh 9’72 P
2y, = Zpcoth 8, 2z, = \/_[“[“; 24y = Z g COth 0
sinh @
tanh 6 _ — 2 L
S = D 812 821 - 2—; “ cosh @
Las = Lo tanh @

B Z L.
hyy = Zp tanh @ ; My = — hyy J/j: - cosh @
P tanh @

(g1 1
4 “11 cosh 6 ; B =777, si :
Z,; c ; - 1< Sml_l g ;
sinh @

= D = J/’° cosh 0
\//n/lz Zn

The determinants of the various coefficients are as
follows:

ZnZp i Iy YWZnZp ZplZp
| ZplZ, o 14 B i
C D
TABLE 4

Expressions for the Insertion Ratio of a Single 4-pole in
Terms of the Iterative and Image Functions.

From (57) of Section 5 we have, after a little algebra, and
for the conditions of Fig. 5.:

L E = . exp. (1 .
E, % Z= exp. (—y) . ( Yi¥s)
{L —rprgexp. (— 2y)}!
Zp — 2y, /s /0,
where 7 = - = and 7
" Zr+ Zoy ST Zs+ Za
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If £, is the voltage across load Z, without 4-pole (i.e.,
with Z, directly connected to alternator),

z

E ’ E - R _

S R

. . . E
i.e., Insertion ratio N
>

— exp. (3) - (1 — 7).

{1 — rprgexp. (— 29)}

The corresponding expressions in terms of the image
functions are:

Z\//“
E,=Eg. /;

Zs+/1:7l
“ 12

cexp. (— 6) . (1 — r5y7Rs) -

{1 — 7y gy exp. (— 20)} 7

Zo— g ey
vhere 7g, = -° Yand rg, = -
' T Zs+ Zy = Zp+Zp
(143 ) \/ z

Insertion ratio /“ .exp (
1 ) Zn
Zs 712

(1 — 7517ra)- ™" {1 — #5170 exp. (— 26}

Taking the real and imaginary parts of the natural
logarithm of the expressions for the insertion ratio vields
the ‘insertion loss’ in nepers and the ‘insertion phase’ in
radians.

1 2

Iig. 5.  This diagram defines the notation used in obtaining

the insertion valio.

APPENDIX
lLet the general quadratic equation be
P4 PLLQ=0
where P and Q are, in general, complex.

It is clear that if /> equals zero then one root will lie
in the left-hand half of the Z plane and the other will lie
in the right-hand half of the Z plane, the only possible
exception being both roots lying on the imaginary axis.
If we write

Z = ==]
the general quadratic equation becomes
E+@—-PH) =0
and the roots of this equation lie one in the left-half
{ planc and one in the right-half { plane (or both along
the imaginary axis) as before. Hence, if

Modulus of real part of I°/2 <

X 2
Modulus of real part of }

partol A — €
the roots of the gencral quadratic will lie one in the left-
half Z plane and one in the right-half 7 plane (with the
equality sign, one root, or possibly two roots, will lie on
the imaginary axis).
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Substituting this condition in (1Y) we have
Modulus of real part of {z, ) <
Modulus of real part of \/(~u 4 3

Now Possenti® has recently shown that this relation is
necessary for all physically-realizable passive 4-poles.
Hence the real parts of the roots of (19) must be of
opposite sign with the real part of either or both roots
zero as a limiting case.
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IMPEDANCE-MEASURING APPARATUS

For use with

By M. P. Beddoes.

1. Introduction

ANY types of bridges are avaitable for use
Min the very-high-frequency {(v.h.f.) region,
but when used for aerial measurements all
suffer from the disadvantage that the amplifier-
detector necessary will pick up radiation from the
acrial unless very careful precautions ave taken.
The null detector is usually a radio receiver tuned
to the frequeney of the source driving the bridge.
Raising the output level of the source will help
matters, as the sensitivity of the detector can be
lowered and its  distributed  pick-up  redueed.
Unfortunately, this same raising of the driving
power has the effect of heating the bridge cle-
ments, possibly to destruction.
The apparatus described is
eminently adaptable for high-
level operation, but, although a
‘halance” s indicated by a
minimum signal on thedetector,
1t is not a bridge.

2. Principle of Operation

The apparatus which is de-
scribed in detail in Section 3
is driven by a transmitter as
shown in Fig. |

The impedometer is  used
solely to detect the wave being
reflected from the standards
unit, whose controls are ad-
justed for minimum reflected

TRANSMITTER IMPEDOMETER STANDARDS UNIT

o,—{ AERIAL

METER Iig. 1. Block diagram of
apparatus employed.

M3 accepted by the Iditor, june 1952.
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C
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B.Sc¢., Graduate

ferials
LE.E.

wave both with, and without, the aerial.  Irom
these two sets of readings the aerial admittance
is immediately available by subtraction.

H G, + B, is the admittance read off the
standards unit controls with the aerial dis-
connected, and G, | jB8, is the admittance read
off when the acrial is connected, and G | j3, s
the acrial admittance,

then,

Go | jBe (G Gy | B, — By ... (1)

The full output of 15 W is required from the
transmitter only when the standards unit controls
are near a ‘balance’. There is, therefore, Httle risk

Impedometer and Standards Unit.

of overloading the detector, and the clements in
the standards unit.

3. Apparatus
The apparatus consists of a mutilated impedo-
meter or reflectometer (sce references 1-5) driving
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into a standards unit to which may be attached
the aerial whose impedance is to be measured.
IYig. 1 shows the schematic of the arrangements
and Fig. 2 shows a photograph of the impedo-
meter and the standards unit mounted on a
wooden board.

HIGH- RESISTANCE
VOLTME TER
(0-2'5V) 2

CAPACITANCE
CRYSTAL RECTIFIER

RESISTANCE

Iig. 3. Section "
through the impedo- )
Q,
meler, )

HIGH ~ RESISTANCE
VOLTMETER
(0-2:5V)

() The Impedomeler

The apparatus shown in sectional view in Fig, 3
is called the impedometer (after a similar instru-
ment described in reference 3 for measuring
impedances).

In its present form, it consists of an opencd-out
coaxial section, housing directional  couplers
which are so arranged that they only measure the
reflected wave.  The ratio, diameter of inner
conductor to the internal diameter of the shell, is
kept constant to minimize irregularities in the
tield system,

l——" et

L0AD Z, E.tE

| l

IFig. 4. T'his diagram illustrates the action of a directional
coupler. I, and E, are the yoltages produced by the e.s.
and e.n. waves,

The directional coupler, see Fig. 4, is a device
for picking up voltages due to the electrostatic
{e.s.) and electromagnetic (e.m.) waves and adding
them together. Ior one direction of flow, the
voltages due to these waves will be antiphase
while, for the other, the voltages will be in phase.
The coupler is so adjusted that the voltages induced
in it by the e.s. and e.m. waves are equal, and thus
it only measures waves travelling in one direction.

The ‘pick up’ of the directional coupler increases
6 db each time the applied frequency is doubled.
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While the directional coupler must be large enough
to pick up sufficient power to operate a detector
satisfactorily, it must not distort the wave system
appreciably.  To cover a range of frequencies,
therefore, it is necessary to employ dircctional
couplers with differing degrees of coupling into the
ficld system. Fig. 5 shows two directional couplers.
The left-hand coupler covers the frequency band
30-60 Mc/s, while the other covers 50-100 Mc/s.

To disconnect a coupler from the field system
it is only necessary to remove the resistance across
which the voltage due to the electrostatic waves
is developed. The impedometer shown in FFig. 3,
therefore, functions normally over the top half of
thie frequency band covered by the couplers if the
resistance for the larger coupler is removed when
measurements are being taken on the smaller.
It is not necessary to remove the resistance for
the smaller coupler when measurements are taken
on the larger, as the smaller coupler will not
distort the field at frequencies below its own useful
band,

Directional couplers for 30-60 Mec[s (left) and
HO-100 Mels (right).

(b) The Standards Unit

The standards unit consists of parallel elements
of resistance, capacitance and inductance. A
circuit diagram and photograph of the unit are
given in Figs. 6 and 7.

FFour controls are available, two for coarse and
fine adjustments of resistance and two for coarse
and fine adjustments of capacitance. A coil is
built on a Pye T junction and is a replaceable
item, depending on the {requency used.

The value of the inductance does not necd to be
known as the capacitance controls are ‘centre
zero’ types and can measure positive and negative
capacitances.

The settings of the resistance controls arc
marked in terms of millimhos, and the capacitance
controls in terms of picofarads.

This unit has ordinary carbon resistances which
were selected on a d.c. bridge. For accurate work,
certain of these resistances have to be checked
once a week. Sample resistances were measured
in a d.c. bridge, and checked on a Wayne Kerr
v.h.f. bridge up to 60 Mc/s. Up to that frequency,
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the two sets of measurements showed
ment of better than 19,.

an agree-

4. Accuracy of Measurement

The percentage accuracy of the admittance of a
component under test will vary as the admittance
of that component; i.e., the lower the admittance
of the component, the less will be the percentage
accuracy.

N

where the ticks (*) indicate values for minimum
reflected wave with the acrial connected and their
absence denotes values without the aerial. The
accuracy of the conductance component will be
treated first.

A resistance 1/, — 80 ohms is left in the
circuit, and slow changes with time in its value
cannot detract from the accuracy of the result.
Changes in value during the reading will impair

CENTB‘E ZERO

07 :;r
R
25k
W SR, 3-30pF | J¢ ,
R %?g\f} Z(F:(:Q R R R s R 7-100pF
wh ] W S0 Samn Saen g R ;o Soson S0
2w W Sy 5.?:\{} ‘./‘:‘\’”n w  2'hw
Fig. 6. Circuit of Standards Unil.

There are two principal limitations to the
accuracy of this instrument

(a) The sensitivity of the detecting device

attached to the directional coupler.

(b) Variations in the values of the components

in the standards unit.

(a) An accuracy of | 1o°, in | mithmho is
possible if a -} 190 reflected wave can be detected.
A directional coupler feeding into a meter via
a rectifier is capable of an accuracy of about this,
but a d.c. amplifier between detector and meter
should so raise the accuracy that it would be only
dependent on the second factor; ie., on the
component variations in the standards unit.

An alternative method of detection using an
amplitude-modulated input carrier is  worth
mentioning.  The output from the transmitter
(sec IFig. 1} is amplitude modulated with a sine
wave at some audio frequency, The output from
the directional coupler is detected in the usual
way employed in a radio receiver. The audio
output is then amplified and fed to a loudspeaker
or telephones. Absence of a reflected wave will be
indicated by zero signal from the amplifier.

Very great sensitivity is possible using this

method, so that a small input-—less than a watt
is quite adequate. Such a small input would help
to keep the variations in the values of the
standards components to a minimum.
(b) Variations in the component values in the
standards unit due to heat dissipated in them and
due to ‘ageing’ will affect the accuracy of the
result.

The formula for acrial admittance [equation
()] may be rewritten in full (referring to
schematic Thig. 8) as follows:
GA | JBA = (G, | G, - Gy)

_ DGy 1 G G)
By + By + By)—(B, 4 By I BY) .

2)

(1§
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the accuracy, and this must be about } of 1%,
to achieve an accuracy of 449, in | millimho.
This sall increase in resistance can be achieved
using sufficient carbon resistances in parallel.

Both the slow ‘ageing” and rapid variations
during the reading time of the resistances com-
posing 1/G, will affect the accuracy. Resistances
composing 1/6;, are mounted ona rotating turret
(as Fig. 9 shows) to keep the shunt capacitance a
constant, and this construction also provides very
good cooling.  The accuracy demanded of the
resistances in this unit varies inversely as the
resistance on the unit; i.e., the lowest value,
2000, must be held to 4+ 1%, corresponding to an
accuracy of -+ 59, in 1 millimho.

An accuracy of 419, in the carbon resistance

[P P

Interior of Standards UTnil,

g, 7.
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used proved impossible to maintain over any
long period of time, and the apparatus was checked
weekly, and components which had altered were
changed. High-stability carbon resistances would
get rid of this necessity

The variations with time of the resistance com-
prising 1/G2 are very slight, and 1 29, was
allowed for it corresponding to + 12, in |

millimho. The total variation with heating is
£ 109% for 1 millimho in the conductance
component.

The stray capacitance and the inductance of
the coil are contained in the term B, of
equation (2).

The coil is such a size and Q that it does not
warm up when measurements arc being taken and
change its size and inductance. All the other
components in the standards unit have been
designed so that the stray capacitance is kept
constant. The total variation in [3, is estimated
as being no more than +-0-1 pI¥ during a reading.
Any slow variations caused by damage to the coil
or any other cause will not impair the accuracy.

The accuracy obtained for the susceptance term

is {01 pl. This corresponds to 49 an
I millimho at 60 Me/s,
B, STRAY CAPACITANCE
7 W { —"
'y < T 24
) r—=—0 o \\ :
] o |
Lo l ( ]
| VA, | M L
h$hE | 4 2oda,
< .: :: [ |
T /G. 1
1 Al |
] ] |
4 d 4

IMig. 8. Values in Standards Uit in admittance terms.

The frequency range over which such an instru-
ment could be used is fairly clearly defined. The
upper limit is set by the dimensions of the leads
in the standards unit and the lower limit is set by
the size of the directional coupler. Without undue
precautions being taken, it is reasonable to expect
a frequency coverage of about 7-100 Mc/s.

L.E.E. MEETINGS

9th March. Discussion on “Is the Presentation of
Technical Literature Adequate?”, to be opened by
Professor M. G. Say, Ph.D., M.Sc.

I1th March. ""Low-Level Modulation Vision Trans-
mitters with special reference to the Kirk o’ Shotts and
Wenvoe Stations”, by E. Mcl’. Leyton, E. A, Nind, B3.Sc.
(Eng.), and W. S, Percival, B.Sc.(lng.).

28rd March,  Debate—""That Broadcasting
should be Drastically Curtailed'.

These mectings will be held at the Institution of
Islectrical Iingineers, Savoy Place, London, W.C.2, and
will commence at 5.30.

BRIT. LR.E. MEETING

10th March. Discussion on ‘“T'he Standardization of
Symbols and the Arrangement of Electronic Circuit

Tours
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Conclusions

An apparatus has been designed for measuring
aerial impedance in the range 30-60 Mc/s. This
range could be extended to 7-100 Mc/s. The
main advantage this method has over previous
ones is the detection, which is unaffected by the
proximity of a radiating aerial.

The accuracy is inversely proportioned to the
size of the aerial impedance and is not worse than

109, for 1,000 olims.

Turret mounting of resistors.

Fig. 9.
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Diagrams’™, to be opened by L. H. Bainbridge-Bell,
M.C., MUA L at 6,30 at the London School of Hygiene and
Tropical Medicine, Keppel Street, Gower Street, W.C 1.

INSTITUTION OF ELECTRICAL ENGINEERS

The Council of the Institution has made the 3lst
Award of the Faraday Medal to Colonel Sir A, Stanley
Angwin, KIB.E, DS.O., M.C., T.D., B.Sc.(ling.), “for
his outstanding contributions to the development of
telecommunication in Great Britain and in the inter-
national and intercontinental fields™.

Sir Stanley was born at Penzance in 1883 and joined
the Post Office lingineering Department in 1906. e
became Engineer-in-Chief in 1939, but resigned in 1946
to become chairman of Cable & Wireless, [.td. In 1951
he became chairman of the Commonwealth Telecommn-
nications Board.

WIRELESS [INGINEER, MarcH 1953




CORRESPONDENCE

Tetlers to the Editor on technical subjects arve always welconie. In publishing such communicalions
the Lditors do not necessarily endorse any technical or general statements which they may contain.

Formulae for Ladder Filters

Sik,—1In connection with the history of ladder net-
works, it is interesting to note that the maximally-flat
terminated network was given by W. R. Bennett in U.S.
Patent 1,849,656 (March 1932). This early and remark-

able work foreshadowed the insertion-loss method,
developed later by Norton and Darlington.
A. T. STARR.

Cottage Laboratories, Ltd.,
Cobham, Surrey.
13th January 1953.

“Ideal Coding” versus ‘Redundancy”

Sik,“‘Shannon’s lLaw” or the “Revised Hartley
J.aw’' for the maximum communication capacity of a
channel, C W log (I + I’/N) is now widely known,
but it was remarkable that at the 1952 Symposium on
Applications of Communication Theory! hardly any
attention was given to methods of achieving fhis rafe
with negligible risk of ervor, as Shannon? states is possible.
(With a proviso as to the fidelity criterion for continuous
waveforms.) The importance of the topic was, however,
indicated by 1. 11. Blundell, in his paper “On the
Definition of Rate of Information in the Presence of
Noise,” where it was pointed out that the commuunica-
tion rate of a channel cannot readily be defined unless
coding be admitted.

1t is obvious that the certainty of communication can
be increased by employing redundancy, but this does not
necessarily increase the rate of communication hecause
it requires an increase in either time or bandwidth: the
rate will be increased only if the greater T product is
off-set by the higher proportion of correctly received
signals. (Incidentally, the result would then depend on
whether one accepted the usual convention of counting
errors as of zero value, or whether one attached a
negative or ‘penalty’ value to errors: there are circum-
stances in which the result of an erroncous signal may be
far more damaging than the mere deletion of the signal.)

‘Theoremn 11 in Shannon’s paper? surely prescribes the
following condition. Let M bits per second be the
maximum rate of generation of information from a
certain source. lLet C bits per second be the communica-
tion rate of a given channel, according to the Shannon
formula quoted above. Then provided M < C the output
of the given information source can (with suitable coding)
be transmitted through the given channel with negligible
risk of error. This process cannot be said to involve
redundancy, because one must ask, “Redundant with
respect to what?” The only available standard is the
measure M bits per second of the original message, and
if the measure C bits per second of the signal in the
communication channel is equal to M there is a one-to-
one correspondence between message and signal, and
therefore no redundancy.

Since Shannon’s derivation involves the geometry of
non-Euclidean space, the writer prepared the three-
dimensional model shown in the accompanying illustra-
tion, in the hope that it would encourage further study of
Shannon’s theorem. It is impossible to review all the
implications within this letter, but one point is
immediately obvious. The model is of the representa-
tional space for signals consisting of three pulses (‘digits’),
cach one of which may initially have any amplitude.
Then the point (¥, ¥;, 5,) represents a specific message.
Now say that on grounds of noise, only discrete steps of
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co-ordinate amplitude will be allowed to distinguish
different messages—say -- 8 is the range associated
with each variable for a given message. Then the
message which initially (i.e., for a noise-free system)
was represented by a point (x,, ¥, z;) now occupies a
domain (x; 4+ 8n, ¥, -+ 8n, z; - dn) which is a cube of
side 281 and is represented by the transparent cube in
the model. If, for example, the noise has Gaussian
amplitude distribution, and the limits 4 3»n are set at
-+ 30 there is a chance of 2 in 1,000 that the pulse
representing each digit in turn will fall outside the d»
limit, thus shifting the point into the domainofadifferent
message and causing errors with an average frequency of
6 per 1,000 for the complete 3-digit signals. This is the
state of affairs in the absence of ‘Shannon-coding.’

T}'

z

Geometric Representation of Three-Dig Signal

The black lines normal to the co-ordinate planes represent
the three ordinates coriesponding lo the three digils of the
signal. The transparent cube represents the region of
uncertainty if a certain tolevance must be allowed on each
digit separately. The bluck spheve represents schematically
the region of wncertainty if the total moise in the whole
received signal is considered. The black line from the origin
represents the message radius-vector, the square of which is
proportional to the sum of the squarcd digit amplitudes and
therefore to the average power associated with this particular
message.

But now let the system be so organized that a received-
signal point (¥, y, 2) is associated with a specific message
point (¥, ¥;, #) not by observing whether each co-
ordinate in turn lies within x, 4+ dn, y; -+ dn, z; 4 dn
but by investigating the lofal distance r = VA{lr — xy)?
+{y = ¥)? + (2 — 2,)%. It seems to the writer that this
is the essential point of Shammnon-coding. If the noise
amplitudes were of equal magnitude (3¢ in our example)
on each digit (though not necessarily of the same sign)
the received-signal point corresponding to the message-
point in the model would be shifted along a diagonal of
the cube to one of its corners. But if the chance of
one digit having this noise amplitude or greater is 2 in
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1,000, the chance that three digits consecutively will
exceed this level of noise amplitude is only 8 in 108
Therefore the corners of the cube are comparatively free
from received signals, as indicated schematically by the
black sphere within the transparent cube. Clearly this
(a) reduces the risk of total crror for a given cubic array
of message points, and (b) suggests re-arranging the
message-points so as to give a closer packing of message-
points in the available space.

The quantitative development of Shannon’s theorem
depends on the use of hyper-space with the number of
dimensions tending to infinity; but it is hoped that this
three-dimensional model will suffice to persuade engineers
that Shannon-coding involves a principle other than
redundancy, and that it is worth considering the deriva-
tion of the channel-capacity as set out in Shannon’s
I.R.E. paper?, the result only being given in his B.S.T".J.
papers and book. Shannon-coding should in principle
be far more powerful than redundancy as a means of
combating noise, though the cost of putting it into
practice may make it uneconomic in some applications.

D. A, BeLL.
Electrical Engineering Department,
University of Birmingham.
26th January 19:3.

! “Applications of éouﬁnication 'fheory," Butterworth’s Scientitic
Publications, Ltd., -6 Bell Yard, Temple Bar, l.ondon, W.C.2. To be
pu'bgshed shortly.

._E. Shannon, “Communication in the Presence of Noise,” Proc.
Inst. Radio Engrs, 1949, Vol. 37, p. 10,

NEW BOOKS

Die Ionosphidrs (ihre Bedeutung fiic Geophysik  und
Radioverkehr)

By Dr. K. Rawrk. Pp. 189 with 67 illustrations.
P. Noordhoof N.V., Groningen, Holland.

The author of this interesting book is the Scientific
Director of the French Ionospheric Prediction Service
(S.P.IM.). His aim is to review the present state of
knowledge of the ionosphere and radio-wave propagation
from the theoretical and practical points of view.

In the beginning, the general principles of the magneto-
ionic theory are summarized. This theory applies to the
propagation of radio waves in the ionosphere in the
presence of the earth’s magnetic field, and it takes into
account the observed refraction and polarization effects,
‘The author then describes various techniques of explora-
tion of the ionosphere, such as radio pulse soundings,
rocket Hights, meteoric observations, spectroscopic
analyses, etc. This is followed with an account of theories
of formation of ionospheric layers and of relevant ion-
ization processes.

The remaining half of the book is taken up with the
description of the regular and irregular variations of the
ionospheric layers and the practical problems of short-
wave radio communication. Prediction methods and
field-strength calculations are dealt with, inclnding a
comparison of techniques used by varions national
organizations.

This book is very readable, as the text is well written
and illustrated by many excellent diagrams, but the
absence of a classified index is to be regretted. There is
also practically no mention of radio astronomy. To
summarize, this is a valuable and up-to-date publication
for an informed reader generally interested in radio
propagation and the ionosphere. Opinion may be, how-
ever, divided as to whether a practical user in this country
should use it as a textbook. The chapters that have a
direct application to his problems aré rather brief and
some of the procedures described necessitate the use of
complex calculating machines. B PRI
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Elements of Radio Engineering

By H. 1. ¥. PEeL, M.Sc.,, AM.C.T., AM.1.E.E. ’p.
232 - vii. Cleaver-HHume I’ress [.td., 42a South Audley
Street, London, W.1. Price 10s. 6d.

Covers the syllabi of Radio [, and Telecommunications
(Principles) I and 1L of the City and Guilds’ five-year
course in Telecommunications.

Applied Electronics Annual 1952

Edited by R. IE. Braisg, AM.Brit.I.R.E. Pp. 240
British Continental Trade Press Ltd., 222 Strand

London, W.C.2. Price 40s.

The Use of Radar at Sea

Ldited by Capt. F. J. WyLiE, R.N (ret.). Pp. 279 4-
xv. Produced by the Institute of Navigation. Hollis &
Carter, 25 Ashley Place, London, S.\\W.1. Price 30s.

STANDARD-FREQUENCY TRANSMISSIONS

(Communication from the National Physical Laboratory)

Values for January 1953

Frequency deviation from
nominal: parts in 10% Lead of MSF
Date impulses on
1953 GBR 1000
January | MSF 60 kc/s Droitwich G.M.T. time
1029-1130 200 ke/s signal in
G.M.T. 1030 G.M.T. milliseconds
U5 02 - 4 NM
2%* —_ -4 —_
3 NM -4 NM
4 0-1 4 23
5 01 5 2-3
6 02 -5 33
7 02 + 4 4-2
8* 01 -4 52
0 01 NM 73
10 01 ) NM
11 NM NM 69
12 01 4 7-3
13 01 4 79
14+ 0-0 4 81
15+% 01 ) 91
16* 0-0 5 9-0
17 0-0 2 92
18 0-0 1 9-8
19 01 1 10-0
20+ 0-0 2 10-7
21+ 01 -2 101
22 01 1 10-2
23* 01 1 10-4
24 01 0 10-5
25 01 NM 10-6
26** — 0 p—
27+ 01 1 97
28** — 0 —
29+ -+ 01 1 + 8-8
30%* — 0 —
31 + 0-2 1 79

The values are based on astronomical data available on 1st February
1953,

The transmitter employed for the 60-kc/s signal is sometimes required
for another service.

NM - Not Measured.

* = No MSF Transmission at 1029 G.M.T.
Results for 1429-1530 G.M.T.

** = No MSF Transmission at 1029 or 1429 G.M.T.
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Analysis of Air Vibrations in a Pipe with Internal
Discontinuities.- - |. Guittard. (.lcustica, 1952, Vol. 2,
No. 5, pp. 231--236. In French.) A method of investigat
ing the effect of various types of discontinuity, such as
cross-section variation, using fine powder as indicator.
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On a Multiple Scattering Theory of the Finite Grating
and the Wood Anomalies, —Twersky. (Sce 695.)
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The Diffraction of Sound Pulses by an Oscillating
Infinitely Long Strip.- 1. J. Berry. (Quart. |. Mech.
appl. Math., Sept. 1952, Vol. 5, Part 3, pp. 324-332)
A solution is obtamc(l for the case of a plane pressure pulse
incident normally on an infinitely long strip of finite
width, capable of motion as a spring-supported rigid
body. Numerical results are given for the case of a sharp-
fronted pulse of constant unit pressure, with graphs
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