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LOW LOSS CERAMICS

6 LAURENCE POUNTN
Phone: MANsion House 9971 (3 lines). Grams:

LATION- specify

'y ’
centreless ground to within plus or M

0005". Maximum camber allowance of .002".
This is only one of many applications where
Rods made © close limits are required.

We specialise in the manufacture of Ceramic
\ Rods and Tubes of various sections 10
several classes of materials over wide

dimensional ranges.
The principal Materials Are

1. Porcelain for general insulation.

2. fFrequelex 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

Component Manufacturers Council——Panel
R Specxﬁcation embodied in our Catalogu€

of Radio Frequency Ceramics, copy of which

will be sent on request.
Large Rods up © 44" long and 11"

square

are used as supports for Tuning Coils, etc.

We shall be pleased to have your enquiries JO
all sizes O Tubes and Rods. Prompt deliveries

can be given for most sizes.

Condenser manufactured ¥ Messrs. WINGROVE Y ROGERS LTD-
A
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Features of the INFINITELY VABIABLH,
VOLTAGE-REGULATING TRANSFORMER

Smooth control.

. Reasonable overload
./ capacity.

Linear scale, various

markings. i
I Output indepen-

) dent of load.

118 or 230 volts
service or others if
required. _
_ Single or duplex

voltage outputs.

. (Type 100 RM/2B
Special types for 500 P )

cycle or 2,000 cycle
etc., can be supplied.

Supplied with or
without screen.

Low temperaturerise, —

Ring-type laminated core.

Bench or panel type mount- The sectionalised illustration shows Types 200 (580
ing reversible shaft. andJ]860 va). Larger types are made-up to 7 kva.
32 page Catalogue V549 tells the whole story and will gladly be sent on application

The use of VARIACS in conjunction with “ V A R I A C ,,
Auxiliary Transformers greatly increases their

scope : one important example is the provision Reg Trademark
of minutely controllable low voltage at very dense

current (.500 or even 1,000 Amperes). Vo Itage COntrOI

@&&@@‘ PL-RVAO RN ESERLRIRD

ELECTRICAL AND RADIO LABORATORY AI’PARATUS, ETC.
180 Tottenham Court Road, London, W.r, and 76 Oldhall Street, Liverpool, 3, Lancs.

C.L..
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TECEH

FREE

Phone: BECkenham oo41

POST
THIS COUPON
TODAY

IQUE

A JOURNAL OF INSTRUMENT ENGINEERING

_ON REQUEST

MUIRHEAD & CO. LTD. BECKENHAM -
Please place my name on your mailing list for * TECHNIQUE *’

NAME
POSITION
COMPANY
ADDRESS

KENT - ENGLAND

MUIRHEAD & CO., LTD.

PRECISION ELECTRICAL

BECKENHAM-KENT-ENGLAND

Telegrams & Cables: MUIRHEADS ELMERS-END

INSTRUMENT MAKERS

PRECISION

MUIRHEAD

ELECTRICAL INSTRUMENTS

* o % #*

Mullard

High values of inductance
Low self capacitance

Controllable air gap facilitating *
inductance adjustment *

e
€& @)
600 7 *::) e “/‘
35 “Gs v 36/9
'_’Ql W.36/8 +—
500 —— A /] N~
[ ‘zo Y.36/95) /)(\
400 — - P / / A)
o /4 \
/
200
1/
100 /4
. TYPICAL Q VALUES
1 1 1 U i ]
| Frequency in KC/S 10 100 1000
OUTSTANDING FEATURES
Low hysteresis coefficient %  Self screening

% Controlled temperature coefficient

% Operation over a wide frequency

PLEASE WRITE FOR FULL

range
Ease of winding and tapping
Easily mounted

DETAILS

FERROXCUBE

FERROMAGNETIC

FERRITE

For Line

Communications :

lN THE design of Mullard pot core
assemblies types 36 and 25 full advan-
tage is taken of the characteristics of
Ferroxcube to produce inductances of
remarkably high “ Q> factors. This,
combined with ease of winding, makes
these cores very suitable for use in filter
networks and wherever high quality
inductances are required.

Fine adjustment of inductance is
obtained by control of the air gap rather
than by variation of the turns.

The good screening properties of
the Ferroxcube and the convenient
shape of the assemblies, which allows
stacking or individual mounting, are
other features which distinguish these
Mullard cores.

FERROXCUBE

FERROMAGNETIC

FERRITE

MULLARD LIMITED

CENTURY HOUSE

SHAFTESBURY AVENUE

LONDON - W.C.2

"

(MF375)

WIRELESS ENGINEER, JANUARY 1952



The entire transmitting

equipment for Holme Moss is

supplied by MARCONI

Stacked Dipole High-Gain Omni-Direction Aerial Array

Acrial Feeder System - 12 kW Sound Transmitter - 45 kW Vision
Transmitter - Common Vision/Sound Combining Unit
High Power and Low Power Control Desks © 5§ kW Medium Power
Vision Transmitter - 2 kW Medium Power Sound Transmitter

MARCONI’S WIRELESS TELEGRAPH COMPANY LTD MARCONI HOUSE CHELMSFORD ESSEX
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Bl2A— Duodecal
FOR CATHODE RAY TUBES

Ref. No. B.12 U—moulded in Phenol-Formaldehy
w » BI2U.I— wooom " "

Wholesale Enquiries:—CYRIL FRENCH LTD., HIGH STREET, HAM
Manufacturers’ Enquiries:—THE McMURDO INSTRUMENT CO. LTD,,

Recognised as the Most Reliable Valveholders

de with Polythene Cover
without cover

PTON WICK, MIDDLESEX + KIN., 2240

VICTORIA WORKS, ASHTEAD, SURREY
ASHTEAD 340t

- PULSE
- GENERATOR

TE6T5 E

A compact, convenient pulse source for general at recurrence frequencies between 50 c/s and
laboratory wuse, giving positive or negative 50 kc/s, free running or triggered. For r.f, work

pulses, variable between o115 and 40 usec it incorporat

es a series modulator enabling the

duration, amplitude greater than 20 V peak and pulse modulation of any r.f. signal source.

MARCONI instruments

MARCON! INSTRUMENTS LIMITED, ST. ALBANS, HERTS.

Midland Office: |9 The Parade, Leamington Spa. Northern Office: 30 Albion Street, Hull.

PHONE: ST. ALBANS ¢6161/7

Export Office: Marconi House, Strand, London, W.C.2,
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‘Frequentite’ is the most suitable insulating material for all high frequency
applications. Seventeen years ago we introduced the first British-made
low-loss ceramic, and consultation with us before finalising the design of
new components is a wise precaution.

STEATITE & PORCELAIN PRODUCTS LTD.

Head Office : Stourport-on-Severn, Worcestershire. Telephone : Stourport lll. Telegrams : Steatain, Stourport
S.P.72
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cables

1_‘4/ In certam applications ol small flexible cables it has been

tound that the cable itself is the source of minute parasitic

voltages. generated chiefly when the cable is flexed, vibrated

or knocked. This is important in the case of leads carrying very
small signals. of the order of say, 10-1° amps.

Telcon offers & new range of cables having a the same time reduce these troublesome parasitic
Telcothene insulant provided with a low-resistive voltages to a level lower by 20-50 db, compared with
covering adhering to the cable core immediately normal polythene cablecs.

under the braid. With this construction it has The following standard cables incorporating this
proved possible to utilise the extremely good electri- refinement are available : K.16.GM, PT.1.GM.
cal and mechanical properties of Telcothene and at PT.11.GM. Further particulars on application.

TELCON = ables

THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD
Head Office: 22 OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 7104
Enquiries to: TELCON WORKS, GREENWICH, S.E.I0. Telephone :  GREenwich 329/
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rectifiers

£
& for the radio industry
e
’ @ HEREVER a radio or zelevision diagram shows a rectifier
® operating at 0.5 Volts or higher, at a frequency below 5mc/s,
o there is almost certain to be a SenTerCel Selenium Rectifier which
o will do a better job because it :

O Saves space and weight.
© Reduces wiring.
© Withstands an unlimited instantaneous overload.
O Reduces heat dissipation.
© Needs no “warming-up” period.
O Saves the cost of a valveholder.
© Is practically indestructible in service.
© Imposes no limit on the size of the reservoir capacitor.

"L“::::o Is low in cost. - e
for ’ % il A e :

feaflets ’ ~ .

F/SRLY. @ /y o /

9a,10,11 '

Srandard Telephones orid Cobles Limired

=7

SELENIUM

(i
il
il

i
L

RECTIFIER DIVISION : WARWICK ROAD : BOREHAM WOOD : HERTS
Telephone : Elstree 240! Telegrams : SenTerCel Borehamwaod

-1

AWIRELESS EENGINEER, JANUARY 1452




Iriagram by courtesy of \
MetGraw Hill Pub'g, Co. Ine.
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('L Kerr

THE WAYNE KERR LABORATORIES LIMITED, NEW MALDEN, SURREY.

PHONE: MALDEN 2202

AUDIOM 90
50 WATT

Loudspeakers

The UNRIVALLED SERIES of
MEDIUM and HEAVY DUTY P.M. REPRODUCERS

AUDIOM 80
25 WATT

FULLY
DUSTPROOF

FULLY

DUSTPROOF Raw material scarcity may be beyond

our control, but leadership in loudspeaker
design will remain within our scope.

GOODMANS INDUSTRIES LIMITED

Axiom Works, Wembley, Middlesex Telephone: WEMbley 1200 (8 lines)

ULLY
DUSTPROOF

Telegrams: Goodaxiom, Wembley
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How to provide thin metal sheets

with a deep tapped hole

Art. No. 1985

Art. No. 1988

e
P
J
D g <
~

Art. No. 1983

For tanks and sheet casing

1. Insert shank of bush in 2. Rivet by closing down This type
hole in metal sheet, flush with @ hammer. has blank end suitable for attachments to tanks.
i | N r
\ ’ 9 |l ]
7 7
\\ A — |
e — e {
T Vi - )
557758 88 77777 7 B ‘

3. Fasten the attachment to sheet with ordinary screw. 0id method. New methad

Hank Rivet Bushes are supplied in various sizes. Full details and information

regarding methods of application are gladly supplied on request.

H 1Y ‘HANK? RIVET BUSH

GUEST KEEN & NETTLEFOLDS (MIDLANDS) LIMITED
SCREW DIVISION : Box 24, Heath Street, Birmingham, 18

s/ur/2401
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Supplied complete with the “Avo”
Vaulve Testing Manual and Free
Information Service.

The “AV0” VALVE

ELECTRICAL
TESTING
\IN STRUMENTS

CHARACTERISTIC

METER

A comprehensive instrument built into one
compact and convenient case, which will test any
standard receiving or small power transmitting
valve on any of its normal characteristics under
conditions corresponding to any desired set of

D.C. electrode voltages. A patented method en-

ables A.C. voltages of suitable magnitude to be
used throughout the Tester, thus eliminating the regulation troubles
associated with existing simple D.C. testing methods.
A specially developed polarised relay protects the instrument against
misuse or incorrect adjustment. This relay also affords a high measure of
protection to the valve under test. Successive settings of the Main Selector
Switch enable the following to be determined:-

Complete Valve Characteristics including
la/Va, la/Vg, la/Vs, Amplification Factor,
Anode A.C. Resistance, 4 ranges of Mutual
Conductance covering mA/V figures up
to 25 mA/V at bias values upto —100 V.,
together with 'Good/Bad’’ comparison
test on coloured scale against rated figures.

Gas" test for indicating presence and
magnitude of grid current, inter-electrode
insulation hot and cold directly indicated in
megohms, separate cathode-to-heater in-
sulation with valve hot. Tests Rectifying
and Signal Diode Valves under reservoir
load conditions, and covers all the heater
voltages up to 126 volts.

The instrument operates on A.C. mains, 100-120 V. and 200-260 V., 50-60 c's.

® /lully descriptive leaflet available from the Sole Proprietors and Manufacturers

Fhe AUTOMATICG-COIL WINDER & ELECTRICAL EQUIPMENT CO.LTD.

WINDER HOUSE+* DOUGLAS STREET * LONDON *» S.W.1

Tetephone: VICTORIA 3404/9,

FERRY WORKS

SUMMER ROAD

(Emberbrook 3402-6)

DESIGNERS USE THEM...
DEALERS CHOOSE THEM . . .
Fecawde the CUSTOMER
Tandy the fHeat/ |

vV.C.3

ROLA CELESTION LTD.

THAMES DITTON

SURREY
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The “Belling-Lee” page

LIST NUMBERS

L718/F Flange
Z560132
L718/S Skirt
2560127

L719 Screening Can

‘940'DIA | 656 406"

.

~ 2388MMm

i ———t "835I'31u ;

|

940 ‘
2388 |
Mim. |
|DIA|

TN

N\
DIPPED | L720/F \

STANDARD RETAINING CAN L 721 FOR'VALVES UP TO 1937, 49 2IMCO/ALL USED WITH L 720/S

LIST NUMBERS

L720. F Flange
L720/S Skirt

L721 Screening Can

for Engineers

CHASSIS
DRILLING

B7G VALVEHOLDER

This valveholder complies with R.C.S. 251 and has full
Inter-Service* type approval. Itis intended to fill the gap
between the cheaper types and the very expensive P.T.F.E
holders.

Suitable for most electronic equipment for frequencies up
to 200 Mc/s. Low loss nylon-filled insulators carry silver-
plated beryllium copper contacts differentially hardened to
give optimum contact pressure; tags can be bent without
damage and are tin dipped. Adequate screening between
contacts is provided.

1667V | 1032
n MM

750 "
19:05 |
Mim \

* DIA' A
——

>

L720/S 125, 31BM/m DIA. HOLES

B9A “NOVAL” VALVEHOLDER

The “Belling-Lee” version of this valveholder is now in
its initial production stage and samples are awaiting the
approval of the appropriate authority.

It is very similar to the B7G and can be supplied either
with fixing flange, with a skirt, or with a skirt and screening
can.

Limited quantities are now available from stock.

BELLING ¢ LEE LTD

WIRELESS LNGINEER, JaNvary 1952
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Uapstan & turret Lathe work ¢
T‘ﬁ 4 ra i
'Sl *.,L /4’.,0,5:5'//(%' e all metals
Lruss caps & Lome wuts |%
ﬁﬁ;) 6Z/JJ‘ n every J%e?,w d
, >
sg3e. . . U ﬂpp/o stheel ~

weetial shells

GRIFFITHS, GILBART, LLOYD
AND COMPANY;[LIMITED

Empire Works, Park Rd.,Birmingham 18

FOR RELIHBLE elepon NORthern 21324
RADIO COMMUNICATIONS =

From take-off to landing, the safety e :
of passengers, cargo and machines VALVE

is largely dependent on trouble-
free radio communications.

VWeach £, conditions at “ MW‘ '
eather reports, conditions a .
terminal airports, etc., must be £ S
reported to the aircrews. \N\ATURE
SUBM URES
Be sure that the Quartz Crystal M\N\P‘T
Units in your radio equipment are \DGETS €S
the best obtainable, for they are AS TR '\'ERS
the most critical components. GELECT OME
. . « DE
Write today for list Q.C.5012 (R aTHO
Y ( ) Co\_w

WA aus e tnasn, 2 e el HIVAC LTD.

— GRS SER o GREENHILL CRESCENT, HARROW-ON-THE-HILL, MIDDX.

Telephone: HARrow 2655
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Of the many forms of capacitors available, one of
the most popular is the Tubular Paper, which fits
mest conveniently into any wiring assembly. In order
to meet specific requirements, Tubular Capacitors
must be chosen with care by the designer and
engineer ; Dubilier Tubular Paper Capacitors are
produced in a wide range covering all needs, for
instance :—

A. Type 460 Tubular Paper Capacitors for all general
requirements.

B. Metal-cased Tubular Paper Capacitors for use in
Tropical conditions.

C. Metal-cased “Minicap” Tubular Paper Capacitors
to withstand severe .tropical conditions and high
altitudes.

\

D. “Minicap” Tubular Paper Capacitors for miniature
application combining minimum size and weight with
excellent electrical properties.

We shall be pleased to forward full technical details
of these Capacitors upon request, and our technicians
are always at your service for consultation with
regard to their use.

DUBILIER

CAPACGCITORS

MAKERS OF THE WORLD’S FINEST CAPACITORS

DUBILIER CONDENSER CO. (1925) LTD., DUCON
Phone : Acorn 224} (5 lines). Cables : Hivolecan, London.

WIRELESS ENGINEER, JANUARY 1952

Marconi International. Code.

WORKS, VICTORIA ROAD, NORTH ACTON, W3
Grams : Hilvoltcan, Westphone, London
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Electrical Standards for Research and Industry

Testing and Measuring Apparatus
FOR COMMUNICATION
ENGINEERING

SULLIVAN PORTABLE GALVANOMETERS

EMPLOYING A NEW
SUSPENDED COIL
PORTABLE GALVANOMETER UNIT

which may be supplied alone or boxed
complete with scale, illumination (with
Mains Transformer) and novel Scale

Magnification

TYPE
T200!

These Galvanometers are also available as

HW.SULLIVAN
LONDOK. =

. DIRECT-READING
w
130/1930 _ MICROAMMETERS
e MILLIVOLTMETERS

and OHMMETERS

A compact, sensitive, yet robustly suspended galvanometer has been developed recently in our laboratories
and, having undergone extensive trials, has proved to be extremely reliable for all purposes. All galvanometers
are fitted with shock-absorbing non-sticking stops, thus overloads of up to 100 times full-scale current may
be applied without risk of damage to the movement.

It is available as a compact unit for bench use, mounted in a bakelite case measuring only 12 <84 cms.
and is eminently suitable for meunting in the client’s own equipment—a simple bracket mounting is
incorporated to facilitate this.

It is available also in portable form in a polished teak case (complete with scale and illumination) with
different internal optical arrangements of some novelty which give, in effect, various scale distances without
having to resort to large and awkwardly shaped boxes. In some cases efiective scale-reading magnification
of approximately 8§ to 1 is obtained within a small box measuring only 27 x 16 x 16 cms, They may be used for
all “null” balance measurements, such as for Wheatstone and Kelvin bridge work, in which case they are
provided with centre zero scales. They may, however, if desired, be fitted with side zero scales for accurate
deflection measurements—a high degree of law linearity rendering this possible.

H. W. SULLIVAN
—LIMITED—

LONDON, S.E.IS

Telephone : New Cross 3225 (P.B.X.)
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* Low-Noise RF Pentode

low power consumption

' P "
S el 37 5 e e - =

The combination of good slope to capacity ratio,
low noise factor, and low power consmmption makes this
new Mullard R.F. pentode an ideal valve for use in all
types of communications equipment operating at V.H.I".
Its slope to capacity ratio approaches unmity. and
this makes it specially sunitable for use in Wide Band
Amplifiers.

Used as a neutralized triode, and followed by a
grounded grid stage (cascode), the EF95 has a typical
noise factor of 3.5 when operated at 180 Me/s.

With a heater current of only 0-175A.. this

valve shows a large saving in power cousumption over

previous valves of a similar class. This saving in power
Heater Capacifances is emphasized in applications where large numbers of
v 63V c 4.0 uuF R.F. stages are involved.
h . in d
In 0.175 A Cout 2.8 uuF The EF95 has identical characteristics to the
Cangl 0.02 puF American 6AKS and may be nsed as a direct replacement
Characteristics for this valve.
0 120V For full techmical information on this and
Via B Limiting Valies other valves in the Mullard range please write to the
Vi -20V V, max. 180 V
address below.
L 7.5 mA p, max. 1.7 W
I2 2.5 mA V.2 max. 140 V
R Mullard)
1. 034 M2 | I max. 18 mA (
Base BIG

——

MULLARD LTD . COMMUNICATIONS AND INDUSTRIAL VALVE
DEPARTMENT . CENTURY HOUSE . SHAFTESBURY AVENUE . LONDON . WC2

MVT 1L
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Cavity Resonators

on the outer surfaces of the conductors and the

electric and magnetic fields spread out into the
surrounding space. In recent years, with the
development of microwaves both in transmission
and research, the tendency hasbeenin the opposite
direction, with the currents flowing on the inner
surfaces of hollow conductors and the electric and
magnetic fields confined entirely to the internal
space. We have been struck by the growing use
of the cavity resonator as a research device. In
the April Editorial we referred to its use at the
N.P.L. and at Stanford University for determin-
ing the velocity of electromagnetic waves in a
vacuum. This necessitates the very accurate
determination of the frequency and of the dimen-
sions of the cavity; as we said in April, it is very
satisfactory that the results obtained at the N.I.L.
and Stanford, and those obtained by radar and
optical methods, all agree within 4 parts in
300,000,

Much research work with cavity resonators has
been carried out in the Research Laboratories of
the Philips Company. An interesting application
was the determination of the dielectric constant
and loss angle of various dielectrics at a frequency
of 3,000 Mc/s; it was stated that if the wrong type
of glass is used for the bulb of a transmitting valve,
it may melt owing to excessive dielectric losses.!
As the loss angle may vary erratically with the
frequency, it is important to make measurements
at the actual frequency at which the material is
to be used.

The method employed is the well-known one of
taking a resonant circuit and finding the effect of

IN the early days of radio the currents flowed

I See article by M. Gevers in Philips Technical Review, September 1051,
p. 61, where many other references are given.

WIRELESS ENGINEER, JANUARY [952
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introducing the dielectric into the gap of the
capacitor. From the change in the resonant
frequency and the broadening of the resonance
curve one can determine both the dielectric
constant ¢ and the loss angle é. With lumped
inductance and capacitance at a low frequency
this is a simple matter, but it becomes more
complicated withacavityresonator at a frequency
of 3,000 Mc/s.
Fig. 1 shows the
type of cavity em-
b=
S
PR
Fig. 1.

5
ployed; the cylinder C',
of diameter 2a and l
height 4 has a top
and a bottom plate,
between which
stands the rod S of
the dielectric under
investigation;  the
actual cylinder was about 3 in. diameter and 1} in.
high. TFor accurate measurement of the dielectric
loss in the specimen it is essential that the losses
in the cavity itself should be as small as possible;
this necessitates very good contact between the
cylinder and the top and bottom plates. The fact
that the measured loss was always greater than the
calculated value was found to be due to the
corrugated nature of the inner surface of the
cylinder when turned in the ordinary way. Since
the depth of penetration is only about lg, the
actual length of the current path and therefore the
loss, is increased by the corrugation. To reduce
this to a minimum the silver-plated cylinder was
turned in a precision lathe with a diamond of
semi-circular profile, the pitch being about 1x and
the shaving thickness xtremely small. By these

1

4 —
|
-l

"‘means the ) value of the empty resonator was



raised to 98 per cent of the theoretical value. The
dielectric rod must also be prepared with care, the
surface being smooth and the diameter the same
throughcut. Apparently its exact position is not
so important and it can be centred by eve.

—, )

RK

From [fig. 2 it is evident that the cavity
resonator may be regarded as a large number of
half-wave oscillators of length d - 2a, bent over
at right-angles at the top and bottom and con-
nected in parallel. The width of the shaded strip
shows the current density at the fundamental
mode; it is approximately constant along the side
and reaches a maximum at a point in the top and
bottom where the increasing current is counter-
balanced by the increasing cross-section. The
oscillations are produced by means of a reflex
klystron RK (Fig. 3) coupled to the cavity T, by
means of loops and short lengths of coaxial cable;
in the same way the cavity is coupled to a silicon-
crystal detector 1D which is connected to a smooth-
ing capacitor C and the galvanometer G. The
coaxial cable between the cavity T, of the
oscillator and the cavity T, containing the test
specimen S is filled with a material of high
dielectric loss to prevent resonances occurring in
it. Similar precautions are adopted in the con-
nection between T, and the detector. The fre-
quency ol the klystron oscillator can be adjusted
by the micrometer screws V', and V', and read off
calibration curves. Measurements are made of

the resonant frequency and of the frequency
variations necessarv to reduce the deflection to
I/+/2 of the resonant value; these are made first
with the empty cavity and then with the dielectric
rod in position. The results enable € and tan § of

—— — —KY
>
A

§
Fig. 3.

the dielectric to be calculated. The following three
examples show how the losses mav or may not
vary with the frequency.

Frequency in Mc/s

3,100 15

tan 8 x 10¢ tan § x 104
A hard glass 64-8 36-4
Quartz glass 0-58 0-N
Perspex 64-1 130

I'he presence of the rod affects the distribution
of the field to an extent depending on its diameter
and its dielectric properties. Relatively simple
formulae can be used to give a good approxi-
mation if the ratio a/h exceeds 5y/¢,, where a and
b are the cavity and rod radii and e, is the relative
dielectric constant; as e, increases the radius b
of the rod must be macde smaller. 1t is stated that
a material such as barium titanate, which mav
have an ¢, of 1,000, would have to be made in the
form of a wire of less than | mm diameter and
passed through holes in the top and bottom
plates. The mathematical development of the
necessary formulae is given in an appendix to the
original article.

G.W. 0. .
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FOURIER ANALYSIS AND NEGATIVE
FREQUENCIES

By L. J. Shaw, Ph.D.

1. Introduction

T is well known that a fluctuation f(¢), (e.g., of
Ivoltage with time) may, by means of Fourier

analysis, be represented as the sum of an infinite
series of sine and cosine waves of appropriate
amplitudes. This series is called the frequency
spectrum of the fluctuation and is denoted by
s(w), where s(w) represents the amplitude and
phase of the component of angular frequency w.

The mathematical equations giving the relation-
ship between f(f) and s{w) are generally written in
the complex algebraic form:

§(w) f f(t) exp (— jut) dt

o (1)
ity = 211;f s(w) exp (jut) dw

— o

The exponential terms in these equations may
be regarded as vectors of unit amplitude rotating
with an angular velocity of w radians per second.
The term exp (— jwt) represents a vector rotating
in the clockwise direction, and exp (jwf) one
rotating in the anti-clockwise direction. From the
second equation of the pair, we see, for example,
that to build up the fluctuation f{f) we must find
the sum of a series of vectors, the amplitude and
phases of which are given by the appropriate
value of s(w), for the angular frequency » which
is summed over the range from — o« to + o.

So long as we are content to regard s(w) as
giving the amplitude and phase of a vector
rotating with an angular frequency w, the presence
of negative frequencies seems more or less
natural. But for practical purposes we require
the amplitude and phase of a series of sinusoidal
waves and then the idea of negative frequencies
becomes somewhat less tangible. One thinks
perhaps, that, like the negative square root of a
positive number, negative frequencies may be of
mathematical interest but of little practical
importance.

The work described in this paper is the result of
just such an approach to the problem. In an
application of the ‘modulation theorem’ (to be
described later) in Fourier analysis, it was found
that correct results were obtained in many cases,
but that in certain cases the spectra found by

MS accepted by the Editor, November 1950

WIRELESS ENGINEER, JANUARY 1952

this means were not the same as those obtained
by direct application of equation (1). It was then
discovered that this error arose through the
neglect of a frequency spectrum centred on a
negative frequency.

Incidental to the investigation of the effects of
negative frequencies two comparatively easy
methods have been found for obtaining the
frequency spectrum of a block of sine or cosine
waves of a given number of cycles duration and
given initial phase. These may commend them-
selves to those more at home with graphical
methods or with straightforward trigonometrical
formulae than with the integration and complex
algebra involved in the evaluation of equation (1).

In a later section we extend our investigation
to a consideration of aerial polar diagrams which
can be deduced from the Fourier analysis of the
distribution of current across the aerial aperture.
Here we shall find the idea of negative frequencies
replaced by the more familiar concept of negative
angles. Aerial polar diagrams may, in many
instances, be determined easily from first prin-
ciples, and while it is not suggested that in such
cases the approach by way of Fourier analysis is
any simpler, it may be found interesting because
it gives us a method of seeing how the polar
diagram is made up. As will be seen later the
physical understanding gained by the Fourier-
analysis approach enables us to see in what way
an aerial must be modified to effect a desired
change in its characteristics, shows us where
approximations may safely be made, and helps
to develop the relationship between resonant and
non-resonant aerials.

2. The Modulation Theorem

The modulation theorem of Fourier analysis is
generally well known. Stated mathematically
it isi—

“If a fluctuation f(¢) has a frequency spec-
trum s(w), then the frequency spectrum of the
modulated fluctuation f(£) exp (jewct) iss(w —wc).”’
The theorem is easily proved thus:—

By definition the frequency spectrum s(w) of
the fluctuation f(¢) is given by

s — [ 1) exp (— jon) at

o

Let s'(w) be the frequency spectrum of f(f) exp
(jewet)-



Then '
$(w) = f £0) exp (joc) exp (— job) di

[0 ex0 [~ st = w0 7

S(lw — we) .. .. .. (2)

Thus, if we have the spectrum of the fluctuation

f(t), then the spectrum of the modulated fluctua-

tion f(¢) exp (jwct) is precisely the same except

that it is now centred on the frequency wc instead
of on zero frequency.

3. Examples of Use of Modulation Theorem

In our investigation we shall find that the
fluctuation f(¢) which is most useful is the unit
pulse and we shall need to know its frequency
spectrum s(w). This is commonly known, but we
shall derive it here for the sake of completeness.

The unit pulse is a function which is of unit
amplitude for the duration of the pulse and zero
everywhere else. For a reason which will be
obvious later, we shall assume that the pulse of
duration T begins at time ¢ T/2 and ends
at ¢{ = T/2. Then the frequency spectrum is
given by

slw) — f 1) exp (— jot) dt

o

1/2
f exp (— jol) df

/2

1 ( . . 7
exp (—jwT[2) — exp (jwT/2) |
i J
2 sin w7/2 3)
w
Thus with a pulse of unit amplitude and dura-
tion 7" centred on ¢ = 0, the frequency spectrum
is given by equation (3) ahd we notice in particular
that equation (3) is a function which 1s entirely
real. This means that the frequency com-
ponents are all cosine waves in phase or in anti-
phase at { = (0. This is a simplicity which we
wish to preserve, and it was for this reason that
the pulse was centred on ¢ — 0.
We shall now define the frequency w, such that
T is the time of one cycle.
re.,, T = 27/w,
U owg 27/T
The frequency spectrum of the pulse may now
be written
2sin wl/2  2si
S(w) SN w SIN w7/ wo B (4)
w w

It is easy to see that s(w) 0 for w = nwo

where 7 is any integer except zero. For w = 0,
the function may be evaluated as

» w
Sin m
27T wo
S(w) i
wo w
w
wo

The value of SH; 4 for #—-0 is unity, and wehave

therefore s(o)

Wo

Table 1 gives some of the values of s(w)
arranged in three columns the more clearly to
illustrate the symmetry of the function, while a
graph of the function is shown in Fig. 1.

Suppose now that we wish to determine the
frequency spectrum of a pulse modulated by a
cosine wave as shown in Fig. 2, where there is a
large number of cycles of the cosine wave within
the length of the pulse. [We should more nor-
mally call this a cosine wave amplitude modulated
1009% by a rectangnlar pulse. But we shall
retain this ‘inverted’ nomenclature here since
the pulse is our original waveform, and we are

TABLE 1.
25 7
wjw s{w) Yo
w
0 i
w
4 2
025 4
w, 4
05
4 2 “
075 3}“/ —
1-0 0
9
1-25 a7
7 S w, 4
1-5 3w
>
1-795 tv?2
Tw
2-0 0
2.25 by 3
9w 1
245 N
dw
>
275 il i
llw
3-0 1]
)
325 134\/"
= 4
35 =
Tw,
)
3:7) 4\/ =
1w
40 (§]

WIRELESS IENGINEER, JANUARY 1952




about to relate the modulating vector exp (jw!)
of the modulation theorem to the cosine wave
contained within the pulse.]

In the modulation theorem which was quoted
above, the pulse was modulated by the rotating

Fig. 1. Spectriin of
the unit pulse.

S(w)

unit vector exp (jwe!). In order to transform this
rather mathematical concept to the real case of a
pulse modulated by a cosine wave, we necd
merelv use the equation
cos wet = & lexp (Juwel) + exp (— jwcl)

This relation states mathematicallyv that a
unit cosine function can be represented as half
the sum of two unit vectors rotating in opposite
directions with an angular frequency equal to
that of the cosine function.

The frequency spectrum s'(w) of the cosine
modhlated pulse is

s (w) ‘ (1) cos wet exp (— jot) dt
T2 )
3 J [exp (jeel) + exp (— jol)]
) exp (— jof) dt
T2 d
o7 2
E fexp (- jlo — @t}
s exp{ —J w + w)l} ] dl
= 4 'LS (w — we) + 5 (w wc)] e (6)

where s(w) is the {requency spectrum of the unit
pulse of duration 7" centred on time / = 0. e
thus see that in order to find the frequency
spectrum of the modulated pulse we need merely
1o take half the sum of two spectra, one of which
is the spectrum of the pulse centred on w;, and
the other that of the pulse centred on — w.. \We
have assumed here that there are many cxycles of
cosine oscillation within the pulse and thus
weS-wo. The two spectra which we have to add
are shown in Fig. 3 and if, in a practical way, we
consider the amplitude of the frequency com-
ponents in the positive half of the frequency plane,
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we see that contributions from the spectrum
centred on we are so small in the positive
portion of the diagram that we may safely dis-
regard them. The frequency spectrum of the
modulated pulse is then just the Irequency
spectrum of the pulse itsell centred on the
frequency wc. In this case we have, in fact
found the spectrum of a section of a cosine wave
containing many cycles of oscillation.

Suppose now that instead of a section of a
cosine wave containing many cvcles, we wish to
find the spectrum of a fluctuation which is only
one half of a single cycle of a cosine wave, as
shown in Fig. 4.

In the same wav as before we shall consider
that this fluctuation is, in fact, a pulse modulated
by a cosine wave. The treatment will be exactly
the same as in the previous case, but since the
pulse is our primary waveform we shall assumne,
not that the pulse is shorter than before, but that
the frequency of the cosine wave is less than
before. 1{ 7. is the period of the cosine wave,
and wc its {requency, we have

P ¥ _ Br o=

we W

T'wcA 3 wcT
—W .+ @, @— @,

—We— W, =@ @Wct+Wo
Fig. 2 (above). Pulse modulalel! by a cosine wave.

Fig. 3 (below). Component spectra of the puise of Fig. 2.

To find the frequency spectrum we must now
take half the sum of the two spectra as shown in
Fig. 5, centred on - w; i.e,, on + Jwo. In this
case, the spectrum centred on — w¢ spreads well
into the positive half of the frequency plane and,
in calculating the resultant, contributions from it
may not be neglected as they were in the previous
case. The final spectrum is found by taking half
the sum of the component spectra, taking note
of the fact that portions of the spectra appearing
below the line must be regarded as having negative
amplitude. Fig. 6 shows the spectrum obtained.



We now have a method for determining rapidly
the frequency spectrum of a portion of a cosine
wave containing any number of cycles of oscilla-
tion, provided that the portion is symmetrically

1\ 1 S
| I | oo e
/1N 1
/ t=0 A I
TN
, \
- ~

Fig. 4 (above). Pulse com-
prising one half-cycle of a
cosine wave.

unit amplitude (cosine wave), zero amplitude
(sine wave) or from some intermediate point. The
answer is that, in fact, the initial phase does
matter and comes into the final answer, as we

S,
2w

| ,\ ]
S—" 3w,  4we

—> W

Fig. 6 (above). Sum of the
spectra of Fig. 5

Fig. 5 (right). Componeni
spectra of the pulse of Fig. 4.

3Wo

2w

4w,

—_> W

placed about the # = 0 axis. All we have to do is
to draw on transparent paper two identical
patterns representing the spectrum of a pulse
(Fig. 1), superimpose them, and displace by the
required amount, centring the spectra on 4 we,
and add the overlapping portions in the positive
half of the frequency plane.

In many cases, however, we shall be interested
in the frequency spectrum of a block of oscillations
which is not symmetrically placed inside the
enveloping pulse. Let us consider, for example,
the frequency spectrum of the fluctuation shown
in Fig. 7, which is a section of a cosine wave of
half a cycle duration, but which is not sym-
metrical about time ¢ = 0. It is obvious from
physical considerations that the frequency spec-
trum of this will not be the same as that of the
fluctuation shown in Fig. 4 since now we have two
sharp edges to deal with which were previously
absent and, furthermore, the d.c. components of
the two fluctuations are obviously different.

At this point, it might be asked why it was,
when considering the frequency spectrum of the
block of a large number of oscillations (Fig. 2)
that this question of the phase of the oscillations

T2
Slw) = 4 f [exp (et

-T2
T/2

} f [exp { — j(w —wd)t} exp (i)

— ’1'/2

b [s(o — ) exp(jg) + s(w +wc) exp (—j¢)]

did not arise, and that the frequency spectrum
of the fluctuation which we obtained was inde-
pendent of whether the oscillations began from

6

shall see later, by determining the phase relation
between the two spectra which we add together.
But in this particular case, the contributions
from the spectrum centred on w; Were Sso
small that they could be disregarded. From the
physical point of view we may see that in this
case of many oscillations, the initial phase will
have only a very small effect on the resultant
spectrum from the fact that, since there are so
many cycles in the pulse, the rate of rise of the
leading edge is much the same whether we
change abruptly from zero to unit amplitude at
this point, or whether we approach unit amplitude
from zero following a sinusoidal curve.

Returning now to the fluctuation of Fig. 7,at the
centre of the pulse (i.e., at time ¢ — 0), the cosine
function has the value cos ¢, and hence the total
cosine function must be written as cos (wcf + ¢).
The cosine function may therefore be expressed in
the exponential form as

cos (wdt + ¢) = } [exp{j (wet + ¢)}
+exp { —j (wd +9)}]

and the frequency spectrum s'(w) of f{f) cos
(wct + ¢) becomes

$)} + exp{— jlwct +¢)}] exp (—jwt)dt

exp { —j(w + wo)t} exp ( — j¢)] dt

(7)
where s(w) is the frequency spectrum of the unit

pulse f(z).
This equation tells us that the frequency
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spectrum of the modulated pulse is equal, as
before, to half the sum of the two displaced
spectra, but that this time, the phase of each
component of the spectrum centred on frequency
wc is advanced by an angle ¢ while the phase of
each component of the spectrum centred on
— w¢ is retarded by the same angle ¢, before the
addition is carried out.

For the fluctuation shown in Fig. 7 the phase
angle ¢ is 45°. Since the frequency w; of the
cosine wave bears the same relation to w, of the
pulse as in the previous case of Fig. 4, the com-
ponent spectra are positioned exactly
as previously (Fig. 5). In obtaining
the final spectrum, however, we must
treat the various amplitudes as
vectors and advance the phases of
those centred on w¢ by 45° and retard
the phases of those from the spectrum
centred on — w; by 45° before adding.
Certain points on the final frequency
spectrum are immediately obvious; 2.
e.g., at all points where the amplitude
of one of the component spectra is
zero, the resultant is equal to one-half
the value of the corresponding com-
ponent of the remaining spectrum.
A few other points are easily calculated |
and the final spectrum of Fig. 8issoon |
obtained.

In Fig. 8, the spectrum is drawn
entirely in the positive quadrant of
the diagram because the phases of the

various component frequencies are all sin

GO
wo wo

different. In Fig. 6, however, the
phases of the components were all zero
or 180°, and this fact is conveniently
represented by using negative ampli-
tudes as shown.

The process of combining the amplitudes of the
overlapping spectra may, if desired, be carried out
by calculation rather than by graphical means.

The frequency spectrum of the pulse centred
on we is

2 sin ( e
0 .. .. (8)
w — wc
and that of the pulse centred on — w is
2 sin <w 4: rwc>7'r
- (9)

(o + awc)
Write we = xwo and the spectra become

(o
=)
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- (:3»)

N (w):—

(11)

and ) <w )
sin X Jr
2 wo
wo w
—+x
wo

At any frequency w, the corresponding values
of equations (10) and (11) must be added with a
phase difference of 2¢, and one-half of this
resultant will give the amplitude of the com-
ponent of frequency w in the final spectrum.

Thus we have:—

o w
sin2 - x>rr
wo

sm<< +x>> | cos%%
+x

which, on simplification, can be shown to reduce to
a3 w a w 2
sin ( x>w sin ( + x>w
wWo wo
+ w
%)
wo

wo w
— X
wo

Fig. 7 (right). Unsym-
metvical pulse of one
half-cycle duration.
Fig. 8 (below). Spectrum
of pulse of Fig. 7.

4/(1)0
3
S(w) A"O
} Yo
'/")o
0 w 2w 3w 4w

—»> @

Although equation (12) may look complicated,
it is quite easy to use in calculation, and the
process of integration and obtaining the modulus
of equation (1) has been replaced by direct sub-
stitution into a trigonometrical formula. The
only troublesome point is met when the sub-
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stitution w/w, — ¥ is made, but this is easily
overcome by remembering that the limiting

0

sin . .
value of = ~ as 8—>0 is unitv.

0
As an example of the method we shall determine
how the frequency spectrum of a section of a
cosine wave, of one half-cycle duration, varies as
tne phase is altered.
If T4 is the length of the enveloping pulse we
have

75 2’1“,
27 b, 27
[OF; wo
whence we = § wo
and x = } -
O
YwapP -0
Fig. 8. Spectra of half-cvcle
%) L 30° o/ cosine wave for various
o phase angles.
Sw)
60°
2
oo
I 90° =
/wo- O
60
30°
] OOA J
@o 2@, 3w,

—» W

We now evaluate (12) with x — § for different
values of ¢. The result is shown in Fig. 9. We
notice, as is to be expected, that as the function
changes from a hali-cvcle with a maximum at
t = 0(p = 0, half-cycle of cosine wave) to a half-
cvcle with zero at £ = 0 (¢ = 90°, half-cvcle sine
wave), the d.c. component becomes progressively
less and the amplitude of the higher frequency
components progressively greater.

4. Application to ihe Calculation of Acrial Polar

Diagrams.

Suppose we have an aerial of length L with a
distribution of current along it given bv

I =TI, /(%)

where v is the distance of the point under con-
sideration from the mid-point (x = 0) of the
aerial, and we wish to calculate the field at a
point P as shown in I¥ig. 10. This calculation is
made by adding, in the correct phase, all the
amall fields radiated from the elementary doublets
of which we may consider the aerial to be made.
We know that the field at P due to an elementary
doublet is proportional to the length of the
doublet, the current flowing in it and the cosine
of the angle 8. Considering the point R on the
aerial we notice that the field from the length dx

[¢
o

at R will lead the teld from the length dx at the
origin by an angle ¢, where
27

ON — "™ sin 0
= —- sin
=3 N -
where A is the wavelength of the radiation from
the aerial.

The magnitude of the field at I’ is the vector
sum of all such elementary fields each with its
appropriate phase, and using the well-known
formula for vector addition we have

L2 12 .
, 2 R AT
IFp! [{ 11 cosng} —}—{Zﬁlgsumsgj‘» i
-L¥ x -Lf2

p=

13)

14)

where I, is the elementary field due to the current
in the element dx at x, and ¢, is the corresponding
phase angle.

For the purposes of calculation this may be
written more concisely:

L2
Ip Zl’g (cos ¢e + J sin ¢e)
x= —L22

which in the integral form becomss
L2

Fp = [RI, f(x) cos 8 exp (j ¢) dx
Lz

RI,cos 6 ff(,\) exp (Jk Sx) dx (13)

2
where & — _—7{ S = sin 6, R is a constant, and /,

/
is the current at some reference point. The
change of the limits of integration from 4 L/2 to
4+ » does not afiect the result, since the aperture
distribution, Iof(x), of current is zero outside
¥ L2, and this change is made merely to
emphasise 2 similarity which we shall shortly be
considering.

It we take P at a fixed distance from the aerial,
then Ip, the field at P, is a function of sin § and
we may write

P(S) = Rl, cos 8 J () exp (GhSx)dx .. (16)

_—

where P(S), being the field-strength of the wave
radiated in a direction defined by S = sin § may
be regarded as the polar diagram of the aerial.

1f we compare equation (16)

P(S) = RI, cos 8 f(x) exp (jRSx) dx
with equation (1)

s(w) = J‘f(l) exp (— jwl) di
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we notice that, apart from constants and the
cos 8 term outside the integral in (16), the two
equations are formally equivalent. This suggests
that the calculation of polar diagrams of aerials
of given aperture distribution is closely analogous
to the calculation of frequency spectra of fluctua-
tions of a given form. This fact is indeed well
known. \What is, perhaps, not quite so well known
is that the modulation theorem which we found
to be so useful in the calculation of frequency
spectra has a corresponding application in the
calculation of aerial polar diagrams.

A

Ll \P

—F
’f W 6
—0

~Lf;
Fig. 10 (above). P
Diagram of an
aerial, showing the ___|
co-ordinates to P. 1

W0

Fig. 11. Aderial with sinu-
sotdal curvent distribution.

Since, in the {requency spectrum case we
found that the unit pulse was a useful fluctuation
with which to deal, we shall use its equivalent
here and shall begin by calculating the polar
diagram of an aerial of length L over which the
current has constant unit value, and outside
which the current is zero.

Then
P(S) = Rlocos 0 f(x) exp (j k Sx) dx
a {.’
RIocos 6 J exp (7 k Sx) dx
L2
, . kSL
2sin —5-
= Rliocos 6. ks:-— o0 o (1)

WIRELESS ENGINEER, JANUARY 1952

This, as is to be expected, is exactly equivalent
to the equation giving the frequency spectrum of
a unit pulse, apart from the term in cos 6. Since

D)

k -';T the equation may be written in the
form
) SLw
sin -
P(S) = Rlpcos . " (18)
205
A

and Iig. 1 gives the polar diagram of the aerial
provided that

for s(w) we read P(S)

forw weread S =sinf

for wo we read A/L
and provided further that we multiply each point
on the diagram by the appropriate value of cos 6.

There is, in polar diagram case, a physical
limitation which did not occur in the frequency
spectrum case and that is that we shall not be
interested in the values of S greater than unity, or
less than — 1. The values of P(S) for S>> | or
S< — 1, correspond physically to storage fields
around the aerial, the energy in which returns to
the aerial in alternate quarter-cycles, and this
energy does not, therefore, contribute to the
radiation field.

We notice from the diagram that the direction
of maximum radiation is normal to the length of
the aerial, and that the width of the main lobe
depends upon the ratio of A/L.

The modulation theorem, as applied to the
aerial case may be stated thus:—

“1f P(S) is the polar diagram of an aerial with
aperture distribution f(x), then the polar diagram
of the aerial with the modulated aperture dis-
tribution f(x) exp (— jkScx) is P(S — S¢).”

In words, the effect of modulating the rect-
angular aperture distribution with the function
exp (—jkScx) is merely to shift the spectrum of
the rectangular distribution along the S (= sin 6)

axis and centre it on S = S i.e., the polar
diagram is slewed.
Modulated aperture distributions may be

obtained by placing in front of the aerial an
absorbing screen of the correct characteristics,
but they do, in fact, arise much more naturally
when we consider ordinary aerials along which
the current distribution is not uniform. For
instance, we know that if we feed an open-ended
dipole with oscillatory current, reflection of the
wave at the end of the wire gives rise to a standing-
wave current distribution which is sinusoidal in
form and of zero amplitude at the two ends of the
aerial. This particular current distribution can he
expressed as the difference of two functions of
the form exp (j&Scx) and exp (-- jAScx) repre-

9



senting waves travelling in the positive and
negative directions along the wire.

Suppose, for example, that we wished to calcu-
late the polar diagram of the aerial shown in
Iig. 11 where there are four current loops along
the aerial and the current distribution is sinu-
soidal and therefore anti-syinmetrical about
x =0

. e . dmx

T'he current distribution is of the form sin 7
and this may be expressed in the form

dmwx 1

sin I~ & {e.\'p (7hScx) — exp (— jhScx) b

. 20 27
whence we find S, 5 since & 3
Furthermore, the aerial is 2\ long, so that i\ ;

To calculate the polar diagram we need to take
hall the difference of the polar diagrams of two
unit rectangular aperture distributions centred on

2/\

1 (for S, 7= 1), and multiply the

result by cos 6, to take into account the polar
diagrams of the elementary doublets. \We
remember, too, that we need not calculate the
polar diagram for values of S outside the range

L. The patterns to be added and their relative
positions are shown in I'ig. 12 in which the dotted
line represents the resultant, and the polar
diagram obtained by multiplying the resultant by
the appropriate values of cos 6 is shown in Fig. 13.

7

— S

Fig. 12, Component patterns of the polar diagram of the

aerial of Fig. 11.

\We notice in I7ig. 13 that the ratio of the major
to the minor lobes is not particularly large. In
general, of course, the directivity of an aerial may
be improved by increasing its length. But
suppose we are limited, by physical considerations,
to an aerial which is two wavelengths long. Is
there any simple way of decreasing the minor
lobes? Now the subsidiary lobe of IFig. 13 was
calculated by taking half the difference of the
overlapping spectra of Fig. 12 in the range

10

S =0toS =035 In this range of values of S,
with the relative positions of the component
spectra fixed, as shown, by the length of the aerial,
the components of the two spectra are opposite in
sign, and therefore, their difference is appreciable.
Had we been able to form the resultant spectrum
by taking hall the sum of the two component
spectra, then in the range S = 0 to S = 05 the
value would have been considerably decreased,
while in the range S = 0:5 to S — 1-0 the value
would have been much alfected since the com-
ponents of the overlapping spectra in this range
are greatly different.

lhus, by taking half the
sum, mstead of half the differ-
ence, of the component
spectra, we shall be able to
improve the directivity of the
aerial by eliminating almost
completely  the subsidiary
lobes. In order to take half
the sum of the component
spectra, instead of hall their
difterence, we shall need to
haveacurrentdistribution with
acurrent loop at the mid-point
ol the aertal instead of a
current node.  This can be
arranged by short-circuiting
the ends of the aerial

Fig. 13. Final polar diagram of
the aerial of Fig. 1.

instead of leaving them open as in Tig. 11.
An effect similar to short-circuiting could be
achieved by connecting to each end of the aerial
a piece of wire a half-wavelength long, the connec-
tion being made at the centre of the stub, and the
stub itself being set perpendicular to the length of
the aerial. The current in the loops which now
appear at each end of the aerial itsel{, divides and
flows in opposite directions down the two halves of
each stub, so that the actual radiation from the
stubs themselves to distant points is small. In this
way the aerial is effectively short-circuited at the
ends, giving the desired decrease in the size of the
minor lobes, while the radiation from the shorting
stubs is reduced to a small value.

The case which we have just considered in
Figs. 11, 12 and 13 is a simple one since the re-
flection coefficient to the open-ended wire is unity
(negative) giving a distribution of current across
the aperture which is sinusoidal and anti-sym-
metrical about x = 0. 1f the reflection coefficient
is not unity, one of the component spectra must be
multiplied by the appropriate constant before the
addition is performed, and if any phase lag is
introduced at reflection this must also be taken
mto account.
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This method of calculation of the resultant is
especially useful when the reflection coefficient is
unity but the aerial is not an integral number of
half wavelengths long. In such cases, the aperture
distribution of current is analysed in exactly the
same way as we have already employed in finding
the frequency spectrum of a section of a cosine
wave of arbitrary length and initial phase. A
formula of the same form as equation (12) is easily
developed and is just as useful. 1t may be written,

sin (S -+ Se) "/\[‘ sin (S — S¢)
P'(S) =RI,cos 8 (S + So) (S —S)
4sin (S —+ So) mk sin (S — S¢) k
A A sint
(S — 5S¢ (S — S0

where ¢ is the phase angle at the centre of the -

aerial (x = 0) of the aperture distribution regarded
as a cosine wave,

If the reflection coefficient is not unity, the
appropriate value must be placed in front of the
termin (S + S;) in equation (19), and ¢ must also
be moditied if necessary.

PN N\ T
~—" \2 o

§ - RO
k4 b T a-
Fig. 14 (above). Two wave- 3r

length travelling-wave aerial.

may be written sin 47x/L which may be expressed
in the form exp (— 7kScx), where S, = 2A/L =
I since A/L = }. The polar diagram of the travel-
ling-wave aerial is thus given by the angular
spectrum of the unit rectangular aperture dis-
tribution centred on S = 1, as shown in Fig. 15,
multiplied by cos 6. The resulting polar diagram
is shown in Fig. 16.
By this method of approach to the calculation of
aerial polar diagrams, the connection
N between the polar diagram of a
Ik resonant aerial of given length and
A that of a travelling-wave aerial of the
same length becomes apparent. In
particular, we notice that if the aerials

- are a few wavelengths long the polar

diagram of the resonant aerial is
practically the same as that of the
travelling-wave aerial together with
its reflection in the § — 0 line. A few
minor modifications are introduced in
the subsidiary lobes close to the § = 0 axis, but
the main lobes are practically identical. If, under
the same conditions (i.e., a long aerial, A\/L <€ 1)
the reflection coefficient for the resonant case is
not unity, the portion of the polar diagram re-
tlected in the § — 0 axis must be multiplied by the

(19)

Y,

Vig. 16 (below). Polar diagram of

the aerial of Fig. 14.

2+
Fig. 15 (right). dngular 1+
spectrum_ for the aerial of
Fig. 14. -1 ~—205 oVos

5. Travelling-Wave Aerials

The method may be used for the calculation of
the polar diagrams of travelling-wave aerials; i.e.,
aerials which are correctly terminated so that there
is no reflected wave. For this case we may notice
that the term in (S + S;) in equation (19) which
corresponds to the reflected wave disappears, so
that we are left only with the polar diagram of the
rectangular distribution centred on S.. We can
see this equally well by remembering that exp
(— 7kScx) represents a wave travelling in the
positive x-direction.

For instance, suppose that we wish to find the
polar diagram of a travelling-wave aerial 2A long
as shown in Fig. 14. At the particular instant
shown, the distribution of current along the aerial
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appropriate factor, but the phase change on
reflection is not important and may be neglected
except when dealing with minor lobes near the
6 = 0 axis. .

6. Conclusion

Throughout this work, attention has been con-
fined to rectangular envelopes; e.g., rectangular
pulses and rectangular aperture distributions.
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The same methods and ideas mayv, however, be
applied to the other enveloping functions. 1t
is necessary, for the easv application of the
graphical method and the trigonometrical formula
that the frequency spectrum of the enveloping
function should be expressible as the sum of a
series of sine waves, or ol cosine waves, which are
all in phase at time / = 0 or at point x =— 0. Just
one example of such a function is the symmetrical
triangular function, which might be used as an
approximation in dealing with an aerial with loss
along its length.

As was pointed out in the introduction, this
investigation was begun because of the errors

found when the effects ol negative frequencies were
too lightly dismissed but it has led on to general
points in lourier analysis which, it is hoped, may
prove interesting and instructive. The idea of
introducing an auxiliary function has parallels in
other branches of mathematics as, for example, in
the integration of the function log.v, where the
process is made much simpler by introducing the
auxiliary function unity, and integrating the
product 1 x logex by parts. The introduction
of the rectangular pulsc leads to similar simpli-
fication in many cases of Fourier analysis as is
shown here, and there is no doubt that manv
other examples of its use may be found.

CATHODE-COUPLED PULSE
GENERATOR

With Square-Wave Control

By F. A. Benson, M.Eng..

AM.LE.E.. M.LLR.E., and

G. V. G. Lusher, B.Eng.

(The Universit

SUMMARY.

of Sheflield

A two-valve pulse gencrator with a fixed repetition rate is described. The positive

pulses which it produces have a time of rise of slightly less than 0-5 microsecond, an amplitude of
approximately 30 V', and a width of about | microsecond.

Introduction

HE circuits most commonly used for the
Tproduction of pulses at a fixed repetition rate

use the principle of ‘clipping’ a sine wave and
passing the ‘clipped’ wave through an RC
differentiating circuit. This method has the dis-
acdlvantage that the time of rise is dependent on
how near the ‘clipped’ wave approaches a true
square wave. If a time of rise of less than 1 micro-
second is required it is necessary that the clipper
output be amplitied again and re-clipped. The
pulses obtained in this wayv have a gradual ex-
ponential fall. An alternative method of produc-
ing negative pulses has been described recently by
Benson and Pearson.! In this case the pulses have
a time of rise of 0-8 microsecond, have a gradnal
decay and are about 60\ in amplitude. It does
not appear possible to reduce this time of rise with
the circuit suggested.

The present article gives a further method of
producing positive pulses using a highlv-damped
oscillatory circuit in a cathode-coupled tlip-tlop
arrangement. The pulses obtained have a time of
rise of a little less than -5 microsecond; they are
approximately 30V in amplitude and have a
width of about I microsecond.

MS accepted by the liditor, February 1951

The use of a highlyv-damped oscillatory circuit
for the production of a short pulse from a sudden
voltage change may possibly be well known and the

¢
[ o—iF -+ —0 |\
1
'
!
!
R :%:Cs v
]
)
I
1
o— =2 -0
IYig. 1. Production of a short pulse from a sudden

positive-going vollage change, with the aid of a highly-
damped oscillatory circuil

method is illustrated in IFig. 1. Suppose a positive-
going voltage change is applied through a
capacitor C to a parallel circuit L, C; and K which
has a diode V" across it. Cs represents the sum of
the capacitance of the diode and the stray capaci-
tance of coil L. This voltage change ‘kicks’ the
oscillatorv circuit LCs, into oscillation. If the
damping resistor K and the diode \" are both dis-
connected, the waveform shown in FFig. 2(a) is
obtained. With the damping resistor K connected
the oscillation is damped and the waveform of I¥ig.
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2(b) results. If, in addition, the diode is con-
nected, the diode conducts on the negative part
of the cycle and, hence, the negative portion ()f the
waveform is removed as illustrated in Fig, 2

e he A

(b)

Flip-Flop Circuit

The circuit diagram is shown in Fig. 4. The
valves used are pentodes type EF50 connectedasa
conventional cathode-coupled flip-flop, except that
the normal grid resistor of V, is replaced by a
highly-damped oscillatory circuit L, Cs, R. R is
a variable damping resistor and Cs is the sum of
the grid-cathode capacitance of valve V, and the
self-capacitance of coil L.

A positive voltage change is required at the

(<) input. The authors obtained this from a multi-
Fig. 2. Waveforms in the circuit of Iig. 1; (a) without 1t ViDratorgivinga voltage of about 50 V" and operat-
or 1, (b) with R and (c) with R and 1. ing at a frequency of 6-5 kc/s.
FFig. 3. Production of a shorl pulse from a sudden negative-going voltage change, with the aid
of a highlv- damped oscillatory circuit.
v
C C
L o—it * —0 o—t * e
! 1
] v !
> , '
RS L she, R dCs
<3 T
! ]
1 1
1 1
( 1
o +— ——o0 o— 4 ©
(2) (b)
Fig. 4 (right). Circuit arrange- —0 + 250V
ment of cathode-coupled flip-flop
pulse generator. 20k ZSkﬂiE
w0opf D
'—%'—o
The stecpness of the rise Vv,
depends on the steepness of A —
the input-voltage change, _fM ===
and the steepness of the fall : £Fs0
and the duration of the pulse :
depend on the frequency of uF== R ! H
ircui i ke ). e
the LCs circuit. Toson$ 2s0uH HEN
Ifanegative-going voltage _ : :LO'WF
change is to be used instead ]
of a positive one as dis- ) 4
cussed above, the diode must Rp$
be connected as shown in lkﬂ/z?’
- . . >
I'ig. 3(a) or, alternatively, a b3
triode may be emploved o ©
giving some additional am-
plification [Iig. 3(b)|. In the latter case, Cs is Explanation of the Circuit Action

cemposed of the grid-cathode capacitance of the
triode and the stray capacitance of the coil L
and grid-current effects are the same as those
produced by diode current in the previous
circuits.

By using such a highly-damped oscillatory cir-
cuit in a cathode-coupled flip-flop arrangement a
much sharper pulse may be obtained as described
below.
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Consider the positive voltage change from the
multivibrator to be applied at point A (Fig. 3).
This causes valve V' to pass from the cut-off stage
and, hence, its anode voltage falls rapidly. This
is the first stage of the flip-flop action which
drives the grid of V', well beyond cut-off. At the
same time the tuned grid circuit is set into
oscillation. The grid of V, returns to cathode
voltage in a time determined by the natural

13



frequency of the L, Cs and R circuit. As the grid
voltage of V, reaches the point at which the anode
current of that valve begins to flow again, the
second phase of the flip-flop action is initiated
and the original circuit conditions are restored in
readiness for the next positive voltage change.
During the second
phase of the flip-flop
action the grid of V, is
driven positive, and the
tuned circuit is highly
damped. The action is
the same as for the diode
circuit illustrated in Fig.
I{c). The oscillatory

Fig. 5. Typical voltage pulse.

30 [

n

o

VOLTS

S

0 \—

0 5 10 15 20 25
MICROSECONDS

current is, therefore, damped out after the gridhas
completed one negative excursion.

Due to the flip-flop action of the circuit, the
grid of V, is driven slightly positive with respect
to the cathode and, therefore, the final edge of
the pulse from the anode of V, has a small nega-
tive excursion. This is clearly seen in Fig. 5
which shows a typical output pulse. The negative
portion of the pulse can be reduced to a minimum
by viewing the waveform on an oscilloscope and
adjusting the common cathode resistor.

S W T W — |
10 15 20 25 30

R N S
I 15 20 25
MICROSECONDS

S —
0 5

| S——
0 5

MICROSECONDS
Fig. 6. Typical voltage pulses showing effects of varving
cathode-bias resistance I?,.

Effects of Varying Component Values

The component values shown in Iig. 4 are
designed for an h.t. supply of 250 V and, apart
from the cathode-bias resistor Rp and the coil, are
not critical. The effects of varying Kp are shown
in Fig. 6. The large negative part of the wave-

form in Fig. 6 (a) is produced when Rj is greater
than 650 ohms, but when Rjp is less than this
value the waveform in Fig. 6 (b) is obtained.

The effects produced by employing different
coil inductances are worth noting. With a
15-uH coil, and circuit values shown in Fig. 4, a
waveform having a very steep rise (0-4 micro-
second), but a jagged rear edge is obtained.
Fig. 7 (a) shows such a waveform. The amplitude
of the pulse is reduced to 16 V. With a 400-pH
coil the waveform of Fig. 7 (b) is obtained.

In this case the amplitude increases to about
50V but the time of rise also rises to approxi-
mately | microsecond. The value of coil induc-
tance given in Fig. 4 appears to be the most
satisfactory for obtaining a short pulse of good
amplitude.

=50
20
a0
15
() 430 »
S 5
= 420 =
5
10
0
—
L 1 1 i 1 3 L 1 i 1 ] J
0 5 [0 IS5 20 25 0 5 10 15 20 25
MICROSECONDS MICROSECONDS
Fig. 7. Typical voltage pulses showing effects of varying
coil inductance I
Conclusion

The simple pulse generator described, which
can be built from a few normal laboratory com-
ponents, gives short positive pulses of good
amplitude which cannot be conveniently pro-
duced by ‘clipping’ and differentiating circuits.
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PULSE RESPONSE OF A.M. RECEIVER

By R. Kitai. M.Se.(Eng.)(Rand)

SUMMARY.

1t is shown that, when a square pulse of voltage of short duration is induced in the

aerial of an amplitude-modulated receiver, the magnitude of the detector output voltage is dependent
on the duration of the pulse as well as the pulse amplitude. This means that in many cases the simple
superheterodyne receiver can be used to determine, with good accuracy, the duration of periodic
short pulses. Theory also shows that for impulsive mterference the amplitude of the response of the
receiver can depend to a large measure on the frequency to which the receiver is tuned.

N this analysis the transient response of a
Ismall portion of the simple amplitude-modu-

lated receiver alone will be considered, it being
assumed that the receiver is of the superhetero-
dyne type without a radio-frequency amplifier
stage, and that the aerial coupling circuit is of
the common inductive type used in conjunction
with an open-ended aerial of the order of 4 metres
effective height. As will be seen, the mathe-
matical analysis of the receiver beyond the aerial
coupling circuit need not concern us here, but it
i1s important to point out that in the simple
superheterodyne receiver, the shape of the
transient voltage fed to the power-amplifier valve
is dependent to a large measure on the charac-
teristics of the i.f. transformer of the narrowest
bandwidth. Usually, then, the final shape of the
transient voltage fed to the power amplifier bears
little relation to the shape of the transient voltage
induced in the aerial; furthermore the shape of
the transient voltage at the input to the power-
amplifier valve is hardly affected by variation of
the frequency to which the receiver is tuned.

With regard to the transient amplitudes, how-
ever, the above does not apply, and although the
i.f. circuit ‘shapes’ the transient output, the
amplitude of this output is proportional to the
amplitude of the transient voltage induced in the
aerial, provided the amplitude characteristics of
the receiver are sensibly linear within the range

considered.
\% -

Aerial tuning civcuit of recsiver.

Fig. 1.

In analysing the transient response of the aerial
coupling circuit a Heaviside step voltage E.1 is
assumed to be induced in the aerial, the circuit
being shown in Fig. 1. An aerial with an effective
height of 4 metres or thereabouts usually has a
capac1tance to earth in the range 100-300 pF and
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a primary inductance L, of one or two millihenrys
is chosen for the broadcast band to ensure a
primary resonant frequency below 550 kc/s. A
coupling of 109, furnishes enough mutual
inductance to give adequate signal transfer to the
secondary circuit, and a resistance of the order of
25 ohms is added to the primary resistance of the
coil to account for the aerial resistance.

Analysis of the Circuit

The circuit to be analysed is given in Fig. 2
where the aerial is replaced by the capacitance
C, and a portion of the resistance R;.

Using the Heaviside operator the differential
equations for primary and secondary circuits

are:—
(le- R, pC> - pMi, — E.1
(pL2 R, | 1)62)'2 pMi, — 0
and
v, ! d
2 pcz 2
On eliminating 7; and substituting
R, R, s 1 9 1
T oap % oL, T LC, Y LG,
and % M

VL,L,
the expression for the secondary terminal voltage
becomes

L,‘,fjf 2{(! k2) P+ 2 (2 + %) £
(0 + 4ay25 + wy?)p?

F 2(agwy® + 29wy®) P+ wpPwy? by

E1 .. .. .

When the circuits are highly oscillatory, the
roots of $ in this fourth-degree differential
equation may be obtained by a method due to
Guillemin.! The solution is an approximation
obtained by assuming initially that the circuits
have no damping. The odd powers of p then
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disappear in (1) equation which now becomes a
biquadratic and yields four solutions in the form
of two purely imaginary conjugate pairs. Thus,

it equation (1) is written
LL,C,
Mp?

then if &y and Ry — 0, band d — 0

i/>4-|-l)/)"-|—c/) +—d/>—|—f‘v, <1

R M R,

t f

£4 L Ly G v,

§G i

o—

Fig. 2. Equivalent circuil of Fig. 1.

Lquating the bracketed term to zero and
writing p, as the approximate roots,

wpt +op* + /=0
¢ + '\/L‘"’ -_hlf

whence 5
2a

2%

Now for k ol the order 0-1 or less, | —4*1s very

nearly unity so that the determinant A e? — daf
is very nearly w;> — w,* giving
py = Fjwyorpy Jws-
These approximate roots are now used in

Newton’s approximation method to obtain a
more exact solution. Thus if § is the first correc-
tion term, then

5 - ”/";4+bf13"c/’|2’1' dp, ¥ f
dapd + 3bp2e 2ep L+ d
‘ bp® f dp, hp2 ot d
- fap 3 4+ 2cp, daft = 2
Now when p, Joy
S s 2oy + %w? o 2Anw, %o,
! dw,? o 2w + w,?)
and similarly, when
Py Je,
8 =34, La

<0 that the roots ol p are very nearly

p -y b jey, p 19 £ jw, .. (2)
Since the circuits are highlv oscillatory it is
not usually necessary to obtain more accurate
roots, and the final expression (or v, can be found
by substituting these roots in Heaviside’s
Expansion theorem. In using this theorem,
equation (1) is expressed in the form

whence the solution for v, is given by

16

»t
ivg (/“ —i—Z/)/ .. oy (.;)

In substituting the roots ot p found above, an
approximate solution is obtained by neglecting

the small reals in the expression for pZ’(p). Thus
if decrement terms are neglected,
: L\LsCy /s /
Ly /o f
o VI \u/’ - /’2>
so that
o 2L,/ p? w’
) ~ =3 (2s - % N

where k2 < 1.

‘The values of p given by equation (2) are now
regarded as pure imaginaries when substituted
into equation (4). These approximations give
results sulficiently accurate for most practical
cases where w, is neither equal to nor very nearly
equal to w,, so that equations (2), (3) and (4)

give
M
Uy = = NS
.)L1 | (wl \ J
=1 /
w.z/
J el =+ jooyt el —a —jwy)i el — tat jo)t el —%- J‘Ue)/},
J
o S\ 2
or, writing y — (!
\ @2
ME | =
Ty X e coSwyl — e % cos wyl b (D)
Lyt =) |

The voltage on the signal grid of the convertor
valve is thus seen to consist of the two expo-
nentially-decaving oscillations at the
primary  and secondary resonant
frequencies. Referring back to IMig. 1,
it is seen that w; is fixed by the
inductance L, of the coupling coil and by the
aerial capacitance C,, while w, varies with
variation of the tuning capacitance C,. Now in
the simple superheterodyne receiver a com-
parative uniformity of stcady-state response to
all irequencies within any particular band is
achieved by ensuring that anv oscillation at the
aerial-circuit resonant frequency is well outside
the band of [requencies to which the receiver
can be tuned. Usually w, is mace to lic helow the
lowest value of w, for each band so that under
these circumstances y is alwavs less than unity
and is usually small com])ale(l with unity.

With regard to the convertor local oscillator
and the first i.f. transformer, these are therefore
tuned to accept the oscillation at w, radians;sec

L]
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and to reject the oscillation at w, radians/sec. In
examining the response of the receiver from the
convertor valve onwards, it is now only necessary
to consider the second term in the bracket of
equation (3).

=7

Fig. 3. Square wave
T
of duralion T.

t—

[}

Let us examine the response of the r.i. circuit
of a receiver to the square pulse shown in Fig. 3,
the duration of the pulse being = seconds, the
time origin being taken at the downward end of
the pulse.

IFrom equation (5) the response of the circuit ¢
seconds after zero time is

ME "
v - e nU+ T coswy(l + T)
S A ()| s
\
e~ % oS w,t f
or
MFE 1d 08 wnf
vy — e 1t cos w,
S Ly ?
€ RTCos wy(l + 7T) .. . (6)

This equation shows that when

wy T w3, b

then

v 1‘,111 | Ao T X Ccos h
e L [

the responses due to the steps in the pulse being
cumulative. Similarly, when

w,t — 0, 200 ...

then

7 P ,:l @ TJ ! COS w,f
5 € 2T | g X wl |
5Ly -

the responses due to each step being differential.

An illustration showing the variation in ampli-
tude of v, with pulse duration = for a particular
case is shown in Fig. 4. The receiver is assumed
to be tuned to a fixed frequency of 1 Mc/s, and
z5 has been chosen as 7 x 104 (This value is
representative of most receivers where (, is of
the order 50.) Thus a pulse of duration one
microsecond corresponds to a period of the
oscillation of the secondary tuned circuit. This
considerable variation of v, with pulse duration
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can casily be demonstrated on a cathode-ray
oscilloscope connected to the detector output of
a receiver, the receiver aerial being situated near
to, or connected to, a generator having an output
consisting of a periodic square pulse of variable
duration.

Returning to equation (6), it is also evident
that for a fixed pulse duration, the amplitude of
v, varies with receiver tuning. Thus, for impulsive
interference, the final amplitude of the response
of the receiver can depend to a large measure on
the frequency to which the receiver is tuned.
This matter becomes clear from a consideration
of the next section dealing with the measurement
of the duration of square pulses. It will be seen
that, for pulses of rather short duration, the
longer the duration of the pulse, the greater the
fluctuation of the receiver response with tuned
frequency.

0 { 2 3 4 ) 6

g -8 jh_

" i

g 1-2 1 ‘ \
2, VAR

5 !0 AT EAREARVEAANT)

VAR ARV RV AN
‘ J(’ A

g 1

PULSE DURATION T (MICROSECONDS)

-

Variation of amplitude with pulse duration.

Measurement of Pulse Duration by means of a

Receiver

A receiver can often be used to measure the
duration of square repetitive pulses with good
accuracy and to adjust a short repetitive pulse to
have a required duration. As an illustration, let
us take the case of a square-pulse generator
having any constant pulse-recurrence frequency,
and let it be desired to adjust the duration of the
pulse to one microsecond. If the generator is
connected to the input of the receiver tuned to
I Mc/s, then the periodic time of the receiver r.1.
circuit oscillation is one-microsecond. The rising
and falling sides of a one microsecond square
pulse would then act differentially so that the
voltage at the output of the detector would be a
minimum. If the pulse is of one microsecond
duration and the receiver tuning altered, the next
minimum response will occur when the r.f. circuit
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has two cycles ot oscillation during a period of
one microsecond; i.e., the second minimum
response will occur at a tuned frequency of
2 Mc/s, the third minimum at 3 Mc/s, and so on,
irrespective of the pulse recurrence frequency.
Fig. 5 shows the results obtained with a receiver
in which the a.g.c. had been switched out of
circuit. The dotted curve is the envelope of the
line-frequency spectrum given by the Fourier
equation for a repetitive square pulse of short
duration.?

The lower limit of pulse-recurrence frequency
is set by the time available for making the
measurements. For high p.r.fs the individual
line frequencies of the [Fourier analysis will be
distinguishable as the receiver tuning is varied;
the wave-shape at the detector output is also
likely to vary at high p.r.f. due to the overlapping
of comparatively slowly-decaying transients in
the i.f. transformers. These, however, will not
affect the accuracy of the experiment.

Next, a practical example is chosen to illustrate
how the duration of a repetitive square pulse can
be determined. In this experiment the receiver
tuning was varied over the broadcast band with
a.g.c. in circuit, and response minima in the
detector output were observed at frequencies of
0-78, 1-04, 1-31, 1-56 and 1-82 Mc/s for a square
pulse of unknown duration and p.r.f. = 500 c/s.
The receiver was of the communication typewitha
well-graduated scale, and was in good alignment.
Minima alone were noted, since the response
curve has rapid rates of change in the vicinity
of these minima. As a check on the alignment of
the receiver it is observed that the frequency
separation between successive minima are respec-
tively 0-26, 0-27, 0-25 and 0-26 Mc/s.

Greatest accuracy is obtained if the lowest and
highest of these frequencies are used in the
calculations. Thus, let the duration of the pulse be
+ microseconds and at 0-78 Mc/s let there be n
cycles of transient oscillation of the r.f. circuit
for the duration 7. Then at a frequency of
1-82 Mc/s there will be (n + 4) cycles of oscilla-
tion of the r.f. circuit.

LE.E. MEETINGS

8th January. “Two Electronic Resistance or Conduc-
tance Meters”, by L. B. Turner, M.A., Sc.D., and “A
Bridge for the Measurement of Dielectric Constants of
Gases’”, by W. F. Lovering, M.Sc., and L. Wiltshire,
M.Sc.

16th January. ‘Comparison of lonospheric Radio
Iransmission Forecasts with Practical Results”, by
A. F. Wilkins, O.B.E., M.Sc., and C. M. Minnis, M.Sc.

23rd January. Discussion on ‘Essentials of a First
Course in Electricity and Magnetism’, opened by
H. Kayser, B.Sc.
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Hence no_ntd microseconds
TT078 0 182 ‘
whence 7 = 3-00 cycles
and T = 3-85 microseconds.

The fact that n is very nearly a whole number
shows that 7 has been measured with good
accuracy. If the receiver calibration is doubtful,
the frequencies at the receiver-dial settings for
response minima can be obtained more accu-
rately with the aid of a signal generator.
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Fig. 5. Variation of veceiver output with tuning.

The examples show that for a one-microsecond
pulse, successive response minima exist at fre-
quencies of 1 and 2 M/cs while for a pulse of
duration 3-85 microseconds, four response minima
exist between these two frequencies. It is thus
clear that the longer the duration of the pulse, the
greater the fluctuation of the receiver response
with variation of tuned frequency.
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28th January. Discussion on “Should Further Tele-
vision Development be Concentrated on Colour to the
Exclusion of Black and White?”’, opened by L. C. Jesty.
All meetings are to be held at the Institution, Savoy
Place, London, W.C.2, at 5.30 p.m. with the exception of
the meetingon 23rd January, which commences at 6 p.m.
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School of Hygiene and Tropical Medicine, Keppel St.,
Gower St., London, W.C.1, at 6.30 p.m.
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WIDEBAND PRE-AMPLIFIER

For Atmospheric-Noise Measurement

By F. Horner. M.Sc., A.M.LLE.E.

(C tcation from the Nati

! Physical Laboratory)

SUMMARY-—A wideband pre-amplifier has been designed to improve the sensitivity of existing
equipment used for measuring atmospheric-noise levels. The unit is associated with the aerial and
operates unattended at a point remote from the rest of the equipment. The method of measurement is
the aural comparison of a locally-generated morse signal with the noise picked up by the aerial, and means
are provided for injecting the comparison signal into the first stage of the pre-amplifier.

The most difficult design problem is the avoidance of intermodulation.between received signals, due
to non-linear amplification, since the generation of spurious signals reduces the number of clear channels
available for noise measurements and may also lead to erroneous readings. The effect has been reduced
by restricting the response to the required frequency band (2-5-20 Mc/s), by careful design of the final
cathode-follower stage, and by making the voltage gain no greater than is required to achieve the desired

sensitivity.

The sensitivity is such that with a receiver of 10 kc/s bandwidth, and in the absence of atmospherics,
a c.w. signal with a field strength of about 0-05 xV/m is intelligible in the presence of set noise only.

1. Introduction

N a recent paper! a simple subjective method
Ifor measuring atmospheric noise has been

described. The method is based on the aural
comparison of a locally-generated morse signal
with the noise, and has been used for routine
observations in the band 2-5-20 Mc/s.

One consideration which influenced the design
of the equipment was that noise levels less than
1 uV/m were not considered to be of practical
interest, and some sacrifice of sensitivity was made
to obtain greater simplicity of equipment and its
operation.

When measurements were started, it became
evident that noise levels were much below 1 uV/m
at many stations for a large part of the time,
especially at the higher frequencies, and that even
these low values were of practical importance.
Consideration was therefore given to various
possible methods of increasing sensitivity. The
paper describes a wideband pre-amplifier which
was developed for this purpose and deals parti-
cularly with the intermodulation problems which
arise 1n such an amplifier.

2. The Original Equipment

The method of measurement is the aural com-
parison of the noise, picked up by the aerial, with
a locally-generated morse signal of controllable
amplitude. The basic circuit of the original equip-
ment is shown in Fig. 1, which is reproduced
from reference 1. Except at 10 Mc/s, where the
aerial is resonant, sensitivity is low, due mainly
to 'the 60-ohm resistor connected between the
aerial and earth to match the cable. Other
disadvantages of the arrangement shown are—

(a) since the aerial impedance is in general much

larger than the impedance of the cable and term-
inating resistance, the voltage applied to the cable

MS accepted by the Editor, February 1951
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is critically dependent on the aerial impedance,
which must, therefore, be accurately known and
also independent of ground constants.

(b} Although the receiver inputimpedance is nominally
200 ohms it varies with frequency, and the voltage
applied to the receiver from the signal generator
depends on this impedance.

(¢} When the aerial is resonant its impedance is about
40 ohms, and the cable is not correctly terminated
at the aerial end. The transferred impedance at
the receiver end of the cable is then not 60 ohms
and an error is introduced in the estimated voltage
applied to the receiver from the signal generator.

It must be emphasized that these defects in the
circuit are unlikely to cause large errors in the
measurements. Nevertheless, it is desirable to
avoid them as far as possible in any modified
circuit designed to improve the sensitivity.

3. Basic Requirements of the Modified Equipment

It was considered that the modified equipment
should conform to the following basic require-
ments.

(a) As high sensitivity as possible, and certainly high

enough for noise fields of 0-1 xV/m to be measur-
able (see Section 4.1).

(b} Use of a remote aerial to avoid distortion of the
polar diagram by the building housing the main
equipment and to minimize interference from any
man-made noise generated in the building.

(c) Simplicity of operation; in particular the avoidance
of any tuning controls at the base of the aerial.

(d) Avoidance of critical dependence of the calibration
on frequency.

(e) Effective bandwidth about 10 kc/s.

(f) Reliability.

In addition, it was desired to improve the
performance with the minimum alteration to the
existing equipment.

Various methods of achieving the desired
sensitivity were considered, both theoretically and
experimentally. Most of these involved tuning or
loading the aerial and were ruled out because they
introduced critical dependence of the calibration
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on frequency and remote switching of the circuits
attached to the aerial. It was decided that the
requirements could best be met by the use of a
wideband pre-amplifier at the base of the aerial,
covering the whole of the frequency range 25 to
20 Mc/s without tuning or switching. The major
part ol the development of such a pre-amplifier
was carried out by H. A Thomas, then on the
staff of the National Physical Laboratory, in
collaboration with staff of the National Bureau
of Standards, Washington D.C., U.S.A., and was
completed by the anthor at the N.P.L.

General —arvangement  of

\l/ Iig. 1.
equipment.
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1. Required Characteristics of the Pre-Amplifier
1. Sensitivity

It has been stated, somewhat leosely, that the
equipment should permit measurement of noise
fields of 0-1 uV/m, and it is desirable to consider
more precisely what is meant by this statement.
The sensitivity is limited by the inherent set noise,
and to obtain a true measure of atmospheric
noise by the comparison method described, it is
necessary for the receiver output due to the noise
field to be substantially greater than that due to
the set noise; the observer cannot normally differ-
entiate aurally between pure atmospheric noise
and a mixture of atmospheric and set noise. The
lower limit for reasonably accurate measurements
occurs when the r.n.s. total-noise voltage is twice
that of the internal set noise; the error in assuming
that the noise is all picked up by the aerial is then
quite small (159,).

The noise levels measured by the comparison
method are expressed not as the field strength of
the noise itself but as the field strength of a slow-
speed morse signal (10 words per minute) necessary
to provide 959, intelligibility in the presence of
the noise, the bandwidth being 10 kc/s. Experi-
ments have shown that the required ficld strength
is about one-half the r.m.s. value of the noise field.

/// 70-Q COAXIAL FEEDER
V2002002802844
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Thus when the lowest noise tield which can be
measured accurately is expressed in terms of the
required c.w. field strength, its value is approxi-
mately equal to the equivalent r.m.s. field strength
of the set noise. It is this quantity which is re-
quired to be less than 0-1 x\'/m.

4.2, Gain and Linearity

To avoid tuning the pre-amplitier and to enable
measurements to be made at any frequency in the
band 2-5-20 Mc/s, the pre-amplifier is required to
have uniform gain over this frequency band. To
obtain high sensitivity the design should be such
that the internal noise of the equipment is mainly
derived from the first stage, and this should have
low-noise characteristics. The pre-amplifier must
have sufficient gain to ensure that the inherent
noise of the main receiver is small compared with
that arising in the pre-amplifier, and to ensure
this a voltage gain of at least 2 from the input
grid of the pre-amplitier to the input circuit of the
main receiver is required.

Now a pre-amplifier of uniform gain over the
range 2-5-20 Mc's accepts o large number of
signals, many of which have high field strengths,
and it is difficult to avoid intermodulation due to
non-linear amplification.

It is necessary to consider fonr possible effects
of non-hnearity.

(a) Various signals may beat together and generate

a multitude of spurious signals which increase the
difticulty of finding clear channels for noise measure-
ments.

(b} Harmonics of individual signals may be procduced,
with the same cifect as in (a).

(c) Strong signals may beat with components of the
noise field and artificially increase the apparent
noise level.

(d) Various components of the noise may beat to-
gether with the same effect as in (c).

Of these (a) is the most difficult to avoid because
of the high intensity of the strongest signals
compared with noise. Also the nnmber of spurious
signals tends to increase as the square of the
number of genuine signals (considering all fre-
quencies and not just the required pass-band), and
so may easily become very large indeed. However,
even when there is considerable intermodulation
it i1s found that there are only a few strong
spurious signals and that these do not cause
serious interference with measurements since they
can be recognized and avoided. A more serious
effect is that in the background there are a very
large nnmber of small spurious signals, having
approximately the same intensity as the noise and
completely filling the spectrum. Moreover, these
signals are not coherent and might easily be mis-
taken for genuine noise. It is this effect which
must be avoided by reducing intermodulation to a
minimum.

It is particularlv important to avoid inter-
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modulation involving components of the noise
itself, mentioned in (c) and (d) above. This would
artificially increase the noise level, and the
measurement would be erroneous. However, the
noise level is in general very low compared with
the strong signals and if intermodulation between
signals can be reduced to an acceptable level,
intermodulation involving noise components is
unlikely to be significant.

Ideally the equipment should accept two signals
of high field strength (say 10 mV/m) and amplify
them without introducing spurious signals greater
than the inherent set noise level. This require-
ment is very stringent and almost certainly
cannot be met in a practical circuit. Moreover,
some intermodulation can be tolerated, but the
amplification should be as linear as possible up to
the point at which a narrow bandwidth is selected
(the first stage of the main receiver). To maintain
linear amplification the voltage gain should be no
greater than is necessary to obtain high sensitivity.
The gain should be as small as possible at all
frequencies outside the required band 2-5-20Mc/s.

4.3. Comparison of the Artificial Signal with the
Noise

Means must be provided for injecting the locally-
generated signal at some point in the receiver for
comparison with the noise picked up by the aerial.
To minimize the effects of possible variations in
the equipment, the comparison should be made as
near the aerial as possible, preferably in the first
stage of the pre-amplifier.

HIGH - PASS
FILTER Y, R Vs

6ACT7

6AC7

6ACT

650
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The pre-amplifier is connected to the main
receiver through a long cable, and its output
impedance should be low; a cathode-follower
output stage is suitable.

4.5. Summary of Requirements

(a) High sensitivity (i.e., low inherent noise).

(b) Linearity of amplification.

(c) Overall voltage gain not greatly exceeding
2 at all frequencies between 2-5 and 20
Mc/s and very low gain at frequencies out-
side this band.

(d) Means for injecting a locally-generated
signal into the first stage.

(e) High input impedance compared with that
of the aerial.

(f) Output impedance approximately equal to
that of the cable through which connection
to the main receiver is made.

5. Design of the Pre-Amplifier
5.1. Input Stage

It has been shown? that a low inherent noise
level can be achieved by means of a series con-
nection of two valves in what has been called the
‘cascode’ circuit (see Fig. 2). The input valve V,
is an earthed-cathode triode, the anode load of
which is an earthed-grid triode, V,, the same
current passing through both valves. This
combination has the high amplification of a pen-
tode with the low noise of a triode, since it can be
shown that the contribution of V, to the noise

Y Fig. 2. Basic circuit of
pre-amplifier system. the
=== h.t. feed-circuits arve not
6AG7 shown.
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4.4 Input and Output Impedance

To obtain uniform performance over the fre-
quency band without the use of matching
circuits, the input impedance of the amplifier
should be high compared with that of the aerial,
so that the whole of the available e.m.f. from the
aerial is applied to the amplifier.
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level is very small. The amplification of V, is of
order unity, giving high stability and avoiding a
large increase in the input capacitance of the valve
due to Miller effect. All the gain is provided by
A
The noise level is almost entirely shot noise in
V,, provided that the grid-circuit impedance is

2
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low. Experiments were made with several types
of valve and the 6AC7, used as a triode, was found
to have a suitable combination of high mutual
conductance and low noise level. The shot-noise
level of this valve, expressed as an equivalent
voltage on the grid, is rather less than 0-2 xV.

The anode load of V, is a network designed to
provide uniform gain in the required band. The
voltage gain is about 5 from the grid of V, to the
grid of Vg, which is just sufficient to ensure that
later stages do not contribute a large part of the
total noise.

5.2, Amplifier Stage-

It is necessary to raise the level of the noise of
the first stage so that it predominates over the
noise of the main receiver. The output stage is a
cathode-follower in which some loss occurs, so an
intermediate amplifier stage is required. This
could be a pentode, as its noise characteristics are
not of great importance, but the 6AC7 valve used
is normally triode-connected as a convenient
means of limiting the gain to the required value.
The anode load 1s a network similar to that be-
tween the first two stages, and a further voltage
gain between two and three is obtained.
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Fig. 3. Pick-up factor of aevial and calibration factor of

equipment; aerial length 6-1 m.

5.3. Qutput Stage

The output stage is designed to feed a 70-ohm
cable. It is in this stage that intermodulation is
most likely to occur, since the signals at the grid
have relatively high amplitude and the load
impedance is small. A field of strength 10 mV/m
at 5 Mc/s, for instance, produces a signal of about
half a volt on the grid of V,. Careful design is
therefore necessary to avoid distortion.

A 6ACT used as a cathode-follower was found to
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be insufficiently linear. Various other circuits
were tried, including combination of valves with
negative feedback, but the most satisfactory
arrangement was obtained by using a 6AG7 valve
as a simple cathode-follower, conditions being
adjusted to give the most linear operation possible.
Similar performance has been obtained by the use
of a 6L6 valve. With a 70-ohm load there is a gain
of } in this stage.

5.4, Aerial Circuit

The aerial and its method of coupling to the
grid of the first valve must be arranged to provide
high sensitivity without introducing critical
dependence of the pick-up factor on frequency.
The effective height of the aerial itself should be
as large as possible at the lowest frequencies
without approaching the half-wavelength at the
highest frequency, and the aerial length used with
the original equipment (6-1 m) fulfils these re-
quirements. Any increase in length, while
improving the sensitivity, makes the calibration of
the equipment markedly dependent on aerial
properties and on ground constants, which cannot
be accurately determined. For general use at
outlying stations, therefore, the 6-1-m aerial is
more satisfactory, but a longer aerial (7-6 m) has
been used at one station (Tatsfield, England)
where the noise level is so low that the
additional sensitivity is especially valuable.

To reduce the effects of intermodulation a high-
pass filter is connected between the aerial and the
grid of V. It consists of a single T section with
m-derived end sections, and by attenuating
signals in the medium-frequency broadcast band
by more than 40 db, greatly reduces the number
of spurious signals generated in the pre-amplifier.
The filter should preferably have an impedance
large compared with that of the aerial as stated in
Section 4.4, but the grid impedance of the valve is
only a few hundred ohms at 20 Mc/s and a high-
impedance filter cannot be properly terminated at
this frequency. As a compromise the filter is
designed for a load of 500 ohms which is roughly
equal to the maximum aerial impedance. By this
means the critical dependence of the pick-up
factor on the aerial characteristics which was a
weakness of the old arrangement (input impedance
60 ohms) is avoided.

The voltage applied to the filter for a field
intensity of 1uV/m has been calculated and
plotted in Fig. 3 (solid curve) as a function of
frequency. Field tests previously reported! have
shown that the assumed aerial characteristics are
substantially correct. The figure shows that there
are no rapid variations which would make the
calibration of the equipment critically dependent
on frequency.
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5.5. Injection of the Artificial Signal

The keyed signal from the generator is applied
to a resistor of 4 ohms in the cathode of V,,
through a cable of impedance 70 ohms, a 65-ohm
resistor being added in series to provide correct
termination. This method of injection avoids the
disadyantages of the old equipment mentioned in
Section 2 (b and c). The voltage applied between
cathode and grid of V, corresponding to a voltage
e from the signal generator should be 0-06¢, and
the measured values are within + 109; of this
figure up to 10 Mc/s with a slight increase at
higher frequencies.

5.6. The Complete Circuit

Fig. 2 shows the essential features of the pre-
amplifier and the method of connection to the
main receiver and signal generator. A resistor of
110 ohms is connected across the receiver to match
the cable but, because the cable is not a part of the
circuit in which the noise and artificial signal are
compared, correct matching is not vital to the
correct calibration of the equipment as it was with
the original arrangement. A 70-ohm resistor is
connected across the signal generator output in
parallel with the cable to provide a correct match
for the 35-ohm generator impedance, and the
signal is keyed by a relay which disconnects the
cable and substitutes a second 70-ohm resistor.

5.7. General Arrangement of the Equipment

The pre-amplifier unit is designed to be mounted
on a concrete base some distance (normally 60 m)
from the rest of the equipment, which incorporates
the same units as are shown in Fig. 1. The
mechanical arrangement of the unit is shown in
Fig. 4. Anannular casting is bolted to the concrete
base and supports a second circular casting on
which the pre-amplifier chassis is mounted. A
steel, bell-shaped cover fits over the chassis and
castings and supports the aerial, a tubular mast
in three sections, mounted on an insulator at the
top. A plug on the underside of the insulator
engages with the input socket of the pre-amplifier
as the cover is placed in position.

Radio-frequency coaxial cables connect the
pre-amplifier to the main receiver and to the
signal generator. A three-core, lead-covered
cable supplies power to the unit and the valve
heaters may be left permanently on to prevent
condensation, the h.t. supply being switched
independently.

6. Overall Performance of the Pre-Amplifier

The most important electrical characteristics of
the pre-amplifier are the inherent noise level, the
gain, the calibration factor and the linearity.
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6.1. Notse Level

The set noise originates almost entirely in the
first valve and its r.m.s. value, expressed as a
voltage at the first grid, is rather less than 0-2 uV,
The measured values referred to the aerial
terminal are somewhat higher, due to a small loss
in the filter (up to 3 db), and vary between 0-2 and
0-3uV over the frequency band. Otherwise
expressed, the noise factor of the receiver, used
with a source of resistive impedance 500 ohms for
which the receiver was designed, is about 3.
However, since the aerial resistance varies with
frequency between a few ohms and 1,000 ohms the
noise factor referred to this resistance is variable
and much higher than 3 at some frequencies.

Fig. 4. Mechani-
cal layout of pre-
amplifier.
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By considering the internal noise level in
conjunction with the pick-up factor of the 6-1 m
aerial (Fig. 3) it is found that the noise field
strength equivalent to the set noise lies between
0+12 wV/m at 2-5 Mc/s and 0-07 uV/m at 20 Mc/s.
With the 7-6 m aerial the figure at 20 Mc/s is
reduced to 0-02 uV/m (at the expense of critical
dependence on frequency). These figures represent
approximately the lowest measurable noise
fields, expressed as the c.w. field for intelligible
reception through the noise, in a bandwidth of
10 kc/s.
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6.2, Gain

The voltage gain of the pre-amplifier from the
grid of the first valve to the output terminals is
about 3 at all frequencies in the band, falling
rather sharply above 20 Mc/s. This is sufficient
to ensure that the main receiver contributes little
to the total internal-noise level of the equipment.
The effect of the filter is to introduce a sharp cut-
off at 2 Mc/s, the attenuation of signals over most
of the medium frequency range being greater
than 40 db, and also to introduce a loss of up to
3 dbin the pass band. The overall-gain character-
istic is shown in Fig. 5.
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Fig. 8. Gain chavacteristic of pre-amplifier.

6.3. Calibration Factor

The voltage applied to the filter of the input
stage for a given field strength has been discussed
in Section 5.4 and is plotted in Ifig. 3 (solid curve).
The voltage applied to the cathode of the same
stage for a given signal generator voltage e has
been measured and found to increase from 0-06 at
2:5 Mc/s to about 0-08 at 20 Mc/s. The overall
calibration factor, used to convert the signal-
generator output to the equivalent field strength
at the aerial is derived by combining the two above
factors and making allowance for the small loss in
the filter. The values are plotted in I'ig. 3 (broken
curve).

6.4. Linearity

The effects of non-linear amplification on the
performance of the equipment have already been
discussed, one effect being that two strong
signals beat together and produce spurious
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signals at the sum and difterence frequencies. It
has been found that the amplitude of a spurious
signal depends mainly on the product of the
amplitudes of the two applied signals and not on
their individual amplitudes. A useful measure of
the degree of non-linearity is the product of the
two applied signal amplitudes necessary to pro-
duce a spurious signal just audible through set
noise.

It is found that when signals are applied to the
pre-amplifier at two frequencies within the pass-
band, the product of their amplitudes in m\ must
exceed 8 before an intermodulation signal can be
heard. Taking the effective height of the aerial as
4 m, two equal signals must therefore each have
a field strength of 700 V' /m to produce an audible
intermodulation product. 1f one or both signals
are below the pass band they must be some 40 db
greater to produce the same interference.

It is not easy to measure the amplitudes of the
harmonics generated by non-lincar amplification
of strong signals, because the output from com-
mercial signal generators already has considerable
harmonic content. Harmonics would be expected
to attain significant amplitude at about the same
input signal levels which produce appreciable
intermodulation, and observations on strong
broadcast transmissions indicate that this is so.

In view of the results of intermodulation tests
with strong signals it is considered that the
increase in apparent noise level due to inter-
modulation involving noise components is negli-
gible. This view is confirmed by the fact that the
measured intensity of noise arising in the first
stage, in the presence of strong signals picked up
on the aerial, 1s in agreement with the calculated
value.

6.5. [Tield Tests on the Complete [2quipment

One pre-amplifier has had extensive field tests,
particular attention being paid to the sensitivity
and to the effects of intermodulation. Pre-
amplifiers have also been used for routine
observations for two years at Tatsfield, England,
and some months at other stations overseas.

To obtain a measure of the intermodulation and
its effect on the difficulty of making measure-
ments it was decided to estimate the number of
spurious signals generated within certain defined
frequency Dbands. The ARS8 receiver, first
connected directly to the aerial (with no cable),
was operated with the beat oscillator on, and was
tuned slowly through the band. The operator
counted the number of heterodyne beats, great
care being taken to include all those just audible
through the noise. This process was then repeated
immeciately with the pre-amplifier in circuit.
Assuming that the number of real signals was
unchanged the difference in the number of beats
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heard was due partly to slightly increased sensi-
tivity and partly to the generation of spurious
signals, this being the main effect. The test was
repeated several times, in a period of a few minutes,
with similar results, so it was assumed that the
number of real signals remained substantially
constant.
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Fig. 6. Intermodulation tests on pre-amplifier.

The results are shown in Fig. 6, covering a
period of several hours up to and just beyond
sunset. The unshaded columns indicate the
number of signals heard with the AR88 only and
the blacked-out columns the number with the
pre-amplifier. As sunset approached, the number
of beats heard with the pre-amplifier tended to
increase more rapidly than those heard with the
main receiver alone, particularly at the lowest
frequencies. Remembering that some of the
increase in the number of signals was no doubt due
to the slightly higher sensitivity of the pre-
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amplifier, it seems that at the worst the number
of spurious signals is roughly equal to the number
of real signals, and in general is much smaller.
These tests were carried out with a pre-amplifier
with higher gain (5) than that finally adopted (2);
the performance of the final equipment should
therefore be correspondingly better. Although
any aggravation of the already difficult task of
finding clear channels for noise measurements is
unwelcome, it is considered that the increase in
the number of interfering signals is tolerable and
justified by the increased sensitivity of the
equipment.

For comparison, some results obtained with a
pre-amplifier with a 6AC7 output valve are shown
(shaded). The inferior performance of this valve
is evident.

The conclusions reached as a result of these
listening tests have been borne out in the routine
measurements. At Tatsfield, where many strong
signals in the h.f. band are present and where
noise levels are normally quite low, the use of a
pre-amplifier has enabled measurements to be
made of noise levels some 20 db lower than was
possible previously, and the number of observa-
tions missed due to inability to find a clear
channel has been quite small. At other stations
where the pre-amplifier is in use noise levels are

20 lZ'SMc/s : - \
e — —= ‘! =
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Measured noise levels at Tatsfield, England, for
September 1948.
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in general higher ana interference from stations no
greater, and probably less than at Tatsfield.
Typical noise curves taken at Tatsfield after
installing the pre-amplifier are shown in Fig. 7 in
which are plotted the monthly median values and
the values exceeded by 109, of the readings for the
month (upper decile values). With the original
equipment the atmospheric-noise level was below
the set-noise level for a major part of the time at
the lower frequencies and for practically the whole
time at the higher frequencies. The arrows,
indicating the minimum measurable values with
the original equipment, show that few readings
would have been obtained during the month to
which the plotted curves refer.

7. Conclusions

The wideband pre-amplifier described has made
it possible to measure noise levels down to about
-1 uV/m at the expense of some increase in the
difficulty of taking the readings, as compared with
the old system, due to intermodulation effects.
A further advantage is that the calibration factor
is substantially independent of the frequency, the
ground constants and the characteristics of the
receiving equipment other than the first stage of
the pre-amplifier. In particular the cable con-
necting the pre-amplifier to the main receiver need
not be precisely matched. The pre-amplifier was
developed to enable a noise survey to be made on
several frequencies between 2-5 and 20 Mc/s and
it is considered that very little further improve-

ment is possible without considerable elaboration
in a system covering this band of frequencies. If
the results of a further survey, using this equip-
ment, indicate the need for measurements of even
lower noise levels it will probably be necessary to
concentrate on one frequency at a time and to
design the equipment for maximum sensitivity at
this frequency. This technique would slow down
the rate at which data could be obtained, and is
not justified at present.
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NEW BOOKS

Television Principles

hBy RoserT B. Dome. Pp. 291 +4-xii. McGraw-Hill
Publishing Co., Ltd., Aldwych House, London, W.C.2.
Price 42s. 6d.

This book is of American origin and so deals primarily
with television according to American standards. While
this does not affect principles, it does show up in the
practical examples which are chosen to illustrate them.

The book starts with an historical chapter and this is
followed by one on electronic methods of scanning and
reproduction.  Video-frequency amplifiers are then
treated, followed by transmitters, receiving and trans-
mitting aerials, r.f. input circuits, i.f. amplifiers, detectors
and scanning, in that order. The concluding chapters
are a miscellaneous one and a discussion of propagation
and relay systems.

The chapter on scanning is quite inadequate. It consists
of 41 pages and includes a description of interlacing, the
U.S. standards of sync-pulse waveform, methods of
generating saw-tooth voltage waves, amplifiers for
magnetic deflection, Fourier analysis of a saw-tooth,
amplifiers for magnetic deflection; differentiators and
integrators for sync-pulse separation and a.f.c. sync
circuits. Most of these items are of sufficient importance
to deserve chapters to themselves. There is, too, a great,
lack of balance. Integrators occupy about seven pages,
harmonic analysis about six, yet vertical sweep linearity
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is dismissed in eight lines and the modern efficiency-diode
line-scan circuit has only some six pages of superficial
treatment. Although shown in a circuit diagram, flyback
e.h.t. is not mentioned in the text.

The earlier part of the book is much more satisfactory.
The chapter on i.f. amplifiers, for instance, deals with
i.f. coupling circuits and gives the formulae specifying
their characteristics. Both coupled-circuit and stagger-
tuned amplifiers are dealt with. The use of rejector cir-
cuits is considered briefly. On the r.1f. side, noise is given
pride of place, as it should be and, a rather surprising
thing in an American book, very little space is given to
station-selection systems. The section on frequency-
changing is rather weak, occupying some four pages only
in which there is no mention of oscillator frequency
stability.

There is a surprising statement in the chapter on video
amplifiers. After saying that the sharper the h.f. cut-off
the greater are the overshoot and oscillation, the author
goes on to say that ‘‘the oscillation really represents the
negative of the missing Fourier components not trans-
mitted”. He then says that it would seem desirable to
design the first few stages of an amplifier chain with
gradual cut-off characteristics and to design the last
stages with sharp cut-off circuits, wherein the steep
portion of the curve occurs in the attenuation band of
the gradual cut-off stages”. It is a plausible, but
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fallacious, argument; the response of a linear amplifier
is dependent on the overall frequency and phase
characteristics and the order of individual coupling net-
works of different characteristics in no way affects them.

The book as a whole is nicely produced and contains a
great deal of useful information at a level suitable for
the newcomer to television. Its value, however, is
greatly reduced by the cursory treatment of scanning
problems.

W.T.C.

Foundations of Wireless (5th Edition)

By M. G. ScroGaIg, B.Sc., M.I.LE.E. Pp. 328 with 236
illustrations. Published for Wireless World by lliffe &
Sons, Ltd., Dorset House, Stamford Street, London,
S.E.1. Price 12s. 6d. (postage 8d.).

The 21 chapters of this book cover in an elementary
manner all aspects of wireless from the nature of sound

waves to transmission lines. Fundamental electrical ideas
are clearly explained and the reader is taken through all
the essential parts of receiving and transmitting equip-
ment. The treatment is in the main explanatory; ele-
mentary mathematics are used where necessary but are
never obtrusive.

F.B.L Register of Manufacturers, 1951/52. (24th Edition)

Pp. 882. Published for the Federation of British
Industries by Kelly’s Directories, Ltd., and Iliffe & Sons,
Ltd. Price 42s. (including postage.).

The only authorized directory of the Federation of
British Industries. It includes Products and Services,
Advertisements, Addresses, Trade Associations, Brands,
Trade Names and Trade Marks. ' The information is
classified for quick reference in English, French and
Spanish.

CORRESPONDENCE

Letters to the Editor on technical subjects are always welcome. In publishing such communications
the Editors do not necessavily endorse any technical or general statements which they may contain.

R-C Coupling Network for Pulse Transmission
SIR,—Does not Dr. Hilary Moss's paper in your
November issue serve chiefly to emphasize that the so-
called differentiating circuit is a pretty poor method of
getting sharp pulses from a square wave? 1 suggest thata

g

an
TR | -,
i

I

low-capacitance ringing choke and rectifier combination,
such as that shown in the figure, will give a better out-
put pulse in nearly all cases.
E. F. Goop.
Malvern, Worcestershire.
8th November, 19351.

Power Meter and Mismatch Indicator

SIrR,—While the “Power Meter and Mismatch Indica-
tor”” described by Mr. Boff in the September issue
is admittedly simple, it appears that several minor altera-
tions in design would greatly enlarge its scope and increase
its accuracy.

The sudden change in section of the coaxial line shown
diagrammatically in Fig. 5(b) and confirmed in Fig. 3,
can hardly fail to produce reflections causing inaccuracy
according to frequency and termination conditions. Pye-
type connectors of the normal design will also tend to
introduce some reflection.
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The paper on Power Measurement in J. Instn elect.
Engrs, Vol. 93, Part 1114, p. 1455, by Crowley-Milling,
Gordon, Miller and Saxon, describes a feed-through
wattmeter for 500-600 Mc/s, employing a simple direc-
tional-coupling loop after the system proposed by
Pistolkors and Neumann in Elektrosvyaz, 1941, Vol. 9,
No. 4. Thissystem, although undoubtedly more frequency
conscious than the short loop, was found to give reason-
ably fair results. The use of bolometer or vacuo-junction
detectors which give a closer approximation to square-
law (with some loss of sensitivity), and the advantages of
electrical subtraction of the readings of direct and re-
flected power are worth considering.

Some figures indicating the accuracy of the device for
various standing-wave ratios over the frequency range
would be of interest, particularly as it appears that the
values obtained for direct, reflected and, hence, net
transmitted power, will depend in a complex manner on
frequency, s.w.r. and phase of the reflected wave.

It is agreed that the directional power meter is a simple
and robust instrument of manifold uses which may be
directly calibrated and quite accurate over a limited
frequency band.

Doucras S. GorDoON.
Electrical Engineering Dept.,
The University, Glasgow.
18th November, 1951.

Absolute Measurement of Phase Shift

SIR,—After reading Mr. Wintle’s paper in your July
issue, and examining the references quoted together witha
number of others, I am led to suppose that the technique
to be described here is not well known and may therefore
be of general interest. It is an absolute method in the
sense that the calibration involves only a process of
counting.

The equipment required is not complex and will
generally be available in a research laboratory. The
precision of phase measurement is high, being of the order
of 4 0-25° (independent of the magnitude of the angle),
even under relatively unfavourable conditions. The
principle is simple, and measurements are made much
more rapidly than a somewhat lengthy description might
suggest.

Condensed to its bare essentials the process is as
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follows: a nine-to-one Lissajous figure is produced on a
c.r.-oscilloscope screen, the X-plates being fed from the
‘master’ oscillator (frequency f,} through the circuit under
examination. The Y-plates are fed from a ‘slave’ oscil-
lator, running at a frequency 9 f, and locked to the
‘master’ oscillator by a spike signal. This spike can be
shifted in phase relative to the voltage under examination,
by means of one or other of two phase shifters, P, and P,.
P, is not calibrated and has a fairly wide range of phase
shift (3 180). P, is calibrated (from the equipment
itself) over a range of 10 or 20 degrees.

(ADJUST) (mmwours)
: B

!

* X PLATES

TEST
0BJECT

Y PLATES KB

Ifig. 1. (above).

Fig. 2. (below).

0° 0R_360°

(a) (b) (c) (d)

1f ecither P, or P, is varied the c.r.o. trace changes
through the various phases illustrated in the sequence
2(1), 2(e), 2(a), 2(e), 2(b), 2(c), etc. The change from the
serpentine 2(a) to the symmetrically-looped figure 2(e)
occurs at intervals of 10° phase shift. The change from
2(a) to 2(b) occurs at 20° intervals. In 2(f), a spike is
shown superimposed on the figure. This is obtained by
by-passing part of the locking spike on to the N-plates.

The position of the spike on the trace is an indication of
phase shift. An ambiguity of 1530 can he resolved if the
spike is made slightly asymmetrical on the time scale.

A set of reference diagrams 2(a)-2(d) can be drawn up
showing the position of the spike corresponding to every
20° of phase-shift reckoned from an arbitrary zero.
Using these diagrams a trace such as Fig. 2(f) indicates
84°,

Interpolation between the 20° points can bhe made either
by eve, or with precision, by the use of the phase shifter
P,. This can be calibrated by a technique similar to that
just described but using a frequency ratio other than 9/1.

IFor instance we have:

I'requency Phase shift corresponding to:—
Ratio - . .
Looped Figure  Serpentine Figure
10 ' 9 18°
12 74° 15°
15 6 12¢
18 5 10°

Using these degree intervals as a guide, a calibration
curve of P, can be drawn which can be relied upon at the
interpolated points, to anaccuracy better than 0-25°,

It will be appreciated that the degree markings in I°igs.
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20° 36 34
320°
60° 300°
280°
Cd 3
100 260
-]
140° Z:O 220°
780° 200 I8

2(a)-2(d) have a purely arbitrary origin. The sign is
arbitrary also and must be checked by measuring the
phase shift through, for instance, an elementary RC
network.

As described, the apparatus will measure the difterence
of phase between any two points in a network: to do this
the ‘marking’ spike is needed. But when the apparatus is
used to calibrate a phase-shifter at 10° intervals the spike
and the diagrams 2(a)-2(d) are not required. [t is ncces-
sary then only to count the number of reversals of the
serpentine figure and multiply by 20°, and to interpolate
the 10° by the use of the looped figure.

For general purposes, where a precision of the order of

17 is considered good enough, the phase shifter P, may
be dispensed with and the fraction of 10° estimated from
the figure by eve.

For measurements of the highest precision the wave-
form of the master oscillator should be good, otherwise
the serpentine figures do not close up to a clean line and
the looped figure is not symmetrical. Tests show that
errors introduced by 2-3°, of second and third harmonics
appear to have a standard deviation of the order of 0-25°.

A 2-valve zero-phase shift RC oscillator serves very well

0

180°

INTERPOLATION OF 4°

(e) (t)

as a ‘slave’. The spike voltage derived from the 'master’
is injected across a resistance in the common h.t. lead
to the valve anodes. No great stability is required as the
spike signal readily holds the ‘slave’ in synchronism.

11 the locking signal is made too powerful, the Lissajous
figures are clistorted and do not show a clean line. The
position of the spike on the c.r.o. trace can be adjusted
by detuning the slave oscillator.

E. R. WiGaN.
Barnham, Sussex.
12th November, 1951,

Poynting’s Theorem

Sir,—I have just come across vour Editorial on this
Theorem in vour September 1951 issue.

It is not generally known that Heaviside developed
this same theorem independently though somewhat
later than Povnting. Heaviside expressed the result
for plane waves in a slightly different form. According to
Heaviside the divergent power vector EXH becomes
(U -+ T); where " and 7 are the clectric and magnetic
energy densities and ¢ the velocity of the wave.

Heaviside's expression gives a far more tangible
interpretation of Maxwell’s theory and will explain at
once why there is no continuous flow of power in the
apparently anomalous case you cite and illustrate.

G. A. M. HyYDE.
Kirkby,
Nr. Liverpool.
14th November, 1951.

ERRATUM
In the paper “Mutual lmpedance of \Wire Aerials”, by
L. Lewin, in the December 1931 issue, p. 352, the last
term in equation (17) should read 2 log (cot § 6) not
2 log (cos § 6).
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ACOUSTICS AND AUDIO FREQUENCIES

534.2 : 551.556 1

Wind Noise and the Transmission of Sound in the Open
Air.—F. Spanddck. (Z. angew. Phys., June 1951, Vol.
3, No. 6, pp. 228-231.)

534.231 2

The Radiation of Pulses by Plane Piston Diaphragms in
a Rigid Wall.— F. A. Fischer. (Acustica, 1951, Vol. 1,
No. 1, pp. 35-39. In German.) When pulses are radiated
by a piston diaphragm, direction-dependent distortion
occurs because the propagation of the various spectral
components varies in accordance with the frequency
dependence of the radiation pattern. Calculation shows
that a radiated unit pulse can be considered as composed
of individual pulses from elementary areas of the dia-
phragm, and gives a representation of the shape of the
diaphragm. TFor a pulse of arbitrary shape the resultant
is a product depending on both diaphragm shape and
pulse shape.

534.231 4 621.396.67] : 778.3 3

A Photographic Method for Displaying Sound-Wave
and Microwave Space Patterns.—\. E. Kock & T. K.
Harvey. (Bell Syst. tech. J., July 1951, Vol. 30, No. 3,
pp. 564-387.) Description of the method, with many
illustrations of actual sound-wave and microwave fields.
A similar probe method, for recording on Teledeltos paper.
has been described by lams (3590 of 1947).
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534.232: 534.321.9 4
Construction of High-Power Ultrasonic Transmitters.
. Skudrzyk. (Elekivotech. u. Maschinenb., lst & 15th
April 1951, Vol. 68, Nos. 7 & 8, pp. 173-178 & 202-212.)
Discussion of both quartz and magnetostriction oscil-
lators. Suitable types of holder for high-power quartz
oscillators are described and an oscillator transmitting
waves through a duralumin membrane, for therapy
applications, is illustrated. Simple equivalent-circuit
theory of quartz oscillators is outlined and more rigorous
theory is considered. Equivalent-circuit theory is also
given for magnetostriction oscillators and a numerical
example is calculated. Methods of measuring the output

of ultrasonic oscillators are indicated.

534.232: 534.321.9 5

An Efficient Low-Power Ultrasonic Generator.—F.
Pirker. (Radio Tech., Vienna, April 1951, Vol. 27, No. 4,
pp. 175-180.) Description of the construction and circuit
arrangement of a generator which provides an output of
50 W at an electroacoustic efficiency of 60%. 1‘ull
details are given of the preparation and mounting of the
quartz crystal, which is energized from a Hartley circuit
using a 40-W pentode.

534.321.9 (]

Ultrasonies in Air, and Applications.—1I". Canac & V.
Gavreau. (Acustica, 1951, Vol. 1, No. 1, pp. 2-16. In
French.) Electrodynamic and magnetostrictive generators
and receivers are described, and investigations of the
reflection and diffusion of ultrasonic waves by cylinders
and polycylindrical surfaces are reported. Practical
acoustical applications discussed include the study of
hall acoustics by means of models.

534.321.9: 061.3 7

Ultrasonics in Fluids. -E. G. Richardson. (Nature,
Lond., 21st July 1951, Vol. 168, No. 4264, pp. 106-107.)
Brief report of an international conference held in Brussels
in June 1951. About 35 papers were presented, dealing
with physical measurements and theories in the field of
ultrasonics.

534.321.9: 534.373) : 538.221 8

The Influence of Magnetization on Ultrasonic Atten-
uation in a Single Crystal of Nickel or Iron-Silicon.
Levy & Truell. (See 169.)

H534.44 9

An 8000-c/s Sound Spectrograph.—-O. Gruenz. (Dell
Lab. Rec., June 1951, Vol. 29, No. 6, pp. 256-261.)
Spectral density in 435-c/s and 300-c/s bandwidths at
frequencies up to 8 kc/s is permanently recorded on
charts. Linergy distribution with frequency is presented
in two ways: (a) as discrete horizontal markings corres-
ponding to different frequencies, for any selected 5-ms
period of integration, with a maximum of 35 db relative
amplitude; (b) as a continuous record of intensity,
indicated by relative darkness of trace, in a frequency
time rectangular-coordinate framework.




534.75 10

Nonlinear Characteristics of the Ear.—-G. Haar.
(Funk u. Ton, May 1951, Vol. 5, No. 5, pp. 248-257.)
Comparative tests of the response of the ear to two pure
notes of different frequencies f, and f, received simul-
taneously show that difference tones formed in the ear are
physically real vibrations which occur even when they
are inaudible. The predominant difference frequency is

2f1 _fa~

534.833.1 11

A Tentative Method for the Measurement of Indirect
Sound Transmission in Buildings.—E. Meyer, . H.
Parkin, 1. Oberst & H. ]J. Purkis. (.4custica, 1951, Vol.
1, No. 1, pp. 17-28. In English.)

534.845.2 12

Acoustic Behaviour of a Porous Material.—A. Bressi &
G. G. Sacerdote. (Alta Frequenza, Feb. 1951, Vol. 20,
No. I, pp. 28-33.) Measurements are reported of the
acoustic absorption of ‘betamianto’. The results differ
from those for other porous materials in that an absorp-
tion maximum is exhibited at low frequencies even for a
thin layer.

534.846 13

Acoustics and Sound Exclusion.—W. A. Allen & P. H.
Parkin. (Archit. Itev., Lond., June 1951, Vol. 109, No.
654, pp. 377-384.) Survey of the planning, structure and
finishing materials of the Royal Festival Hall, London,
with consideration of both the internal acoustics of the
auditorium and the exclusion of noise from the outside.

534.846.6 14
Investigation of Sound Diffusion in Rooms by means of
a Model.—T. Somerville & F. L. Ward. (Acustica, 1951,
Vol. 1, No. 1, pp. 40-48. In English.) An experimental
comparison was made of the effects produced by rectan-
gular-, semicylindrical- and triangular-section diffusing
elements applied to the room walls; the investigation
covered both steady-state and pulse operation. All three
types of diffuser caused reduction of irregularity in both
types of characteristic, the effect produced by the rec-
tangular-section diffusers being greatest.

621.395.61/.62 15
Standards on Transducers: Definitions of Terms, 1951.
-(Proc. Inst. Radio Engrs, Aug. 1951, Vol. 39, No. §,

pp. 897--899.) Reprints of this Standard, 51 1RE 20 S2,

may be purchased while available from The Institute of

Radio Engineers, 1 East 79 Street, New York 21, N.Y, at

$0-50 per copy.

621.395.61/.62 : 621.395.92 16

Acoustic Transducers for Hearing Aids.—\V. Giittner.
(Fernmeldetech. Z., May 1951, Vol. 4, No. 5, pp. 227-234)
A review of piezoelectric transducers. IFor the production
of crystal microphones the most suitable materials are
Rochelle-salt and ammonium-phosphate crystals and
polarized BaTiO, ceramic. The properties of such micro-
phones are analysed and their parameters evaluated.
For crystal ear-pieces using Rochelle salt, all possible
constructions are described. From their mechanical
equivalent representations the frequency characteristics
of the sound pressure are calculated and compared with
measurement data.

621.395.61 : 621.385.82.029.3 17
Increasing the Efficiency of the High-Power Thermionic

Cell by Superposition of a Strong Field obtained from a

High Voltage of High Frequency.—Klein. (Sce 288.)

621.395.616 18

Electrical Input Resistance of Capacitor Microphone.
U. Kirschner. (Arch. elekt. Ubertragung, June 1951,

A2

Vol. 5, No. 6, pp. 273-278.) Calculation of the effective
resistance is based on the work of Braun (1087 of 1945)
and Weymann (470 of 1944). The resuits are applied to
determine the parameters of a capacitor microphone to
be used as a sound-pressure receiver with a circular
characteristic.

621.395.623.7 19
Progress in the Development of Electrodynamic Loud-
speakers.—G. Buchmann & K. Kiipfmiiller. (Fernmel-
detech. Z., June 1951, Vol. 4, No. 6, pp. 253-261.) The
frequency response curve, the sensitivity and the
nonlinear distortion give together a good idea of the
quality of a loudspeaker. Suitable methods for deter-
mining these quantities are described. The optimum
response curve is found to be one which falls off at both
the lower and the higher frequencies. With suitable
design, cheap loydspeakers can be produced with a good
response curve over a wide band of frequencies.

621.395.623.7 20

Acoustic Boosting of the Lower Audio Frequencies by
means of Bass Resonators with Phase Inversion.—H.
Gemperle. ([Radio Tech., Vienna, June 1951, Vol. 27,
No. 6, pp. 245-249.) The method makes use of a reson-
ator forming part of the loudspeaker housing and coupled
acoustically to the back of the vibrating membrane.
Optimum dimensions of the resonator are calculable for
any particular loudspeaker. Practical tests showed an
increase in loudness of frequencies in the range 30-100
c/s of about 8 db when the resonator was designed for a
frequency of 60c/s.

621.395.623.7 21

Acoustic Coupling of the Diaphragms in Duo-Cone
Loudspeakers.—G. 13. Madella. (Alta Frequenza, Oct.
Dec. 1950, Vol. 19, Nos. 5/6, pp. 267-276.) Consideration
of an idealized case indicates that radiated power as a
function of diaphragm velocity is appreciably affected
by the degree of coupling.

621.395.625 + 621.396.62] : 061.4 22
The Radio Exhibition at the Vienna Spring Fair.—
(See 250.)

621.395.625.3 23

Recording Demagnetization in Magnetic Tape Recording.
—0O. W. Muckenhirn. (Proc. Inst. RRadio Engrs, Aug.
1951, Vol. 39, No. 8, pp. 891-897.) ““An analysis of the
magnetic tape recording process employing supersonic
excitation is presented by considering the effect of the
spatial distribution of the magnetic field around the
recording head air gap on the magnetic history of an
unmagnetized element of tape as it tracks across the
recording head. This leads to an effect which is termed
‘recording demagnetization’ and serves to explain certain
performance characteristics. An experimental technique
developed for the mecasurement of this recording de-
magnetization is described, as is the method of measuring
the air-gap field distribution. Finally, the correlation of
the measurements of the recording demagnetization with
normal recording performance characteristics isreported.”

621.395.625.3 24

Magnetic Recording.—-M. Alixant. ([Radio tech. Dig.,
Edn frang., 1951, Vol. 5, No. 3, pp. 147-161.}) A biblio-
graphy of articles and patents complementary to that
included in the book ‘Magnetic Recording’ by Schuh &
Mikhnewitch published in 1950.

621.395.625.3 25

The R.C.A. 10794 High-Fidelity Magnetic Recording
Head.— M. Rettinger. (Radio tech. Dig., Edn frang.,
1951, Vol. 5, No. 3, pp. 131-141.) French version of 807

of 1951.
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621.396.645.029.4 : 621.3.018.78} : 534.861 26

Audio-Frequency Amplifiers with Adjustable Non-
linearity (Distortion Circuits).—G. Hoffmann. (Funk u.
Ton, April 1951, Vol. 5, No. 4, pp. 169-176.) Two ampli-
fier circuits are described having nonlinear characteristics
largely independent of frequency and designed for investi-
gation of the audibility of distortion tones produced in
the transmission of music.

~ AERIALS AND TRANSMISSION LINES

621.315.2 27

Interaxial Spacing and Dielectric Constant of Pairs in
Multipaired Cables.—]. T. Maupin. (Bell Syst. tech. J.,
July 1951, Vol. 30, No. 3, pp. 652-667.) Experiments
show that so far as the interaxial spacing and dielectric
constant are concerned, actual cable conditions can be
represented by two parameters of an ideal cable. These
two parameters can thus be readily obtained for a com-
mercial cable by calculation from the measured induct-
ance, mutual capacitance and capacitance to ground of
the pair.

621.315.2 : 621.396.97 28

Modern Broadcasting Cables to C.C.I.LF. Recommenda-
tions.—E. A. PPavel. (Fernmeldetech. Z., April 1951, Vol.
4, No. 4, pp. 150-157.) The essential features of the
former and the recent C.C.1.F. recommendations are
compared and tabulated, with particular reference to the
widening of the transmission band required in connection
with the introduction of u.s.w. broadcasting.

621.392 : 621.396.677 29

Approximation Methods in Radial Transmission Line
Theory with Application to Horns.—A. E. Laemmel,
N. Marcuvitz & A. A. Oliner. (Proc. Inst. Radio Engrs,
Aug. 1951, Vol. 39, No. 8, pp. 959-965.) “The radial
transmission line theory provides a rigorous description
of the propagation of electromagnetic energy in certain
cylindrical regions. The complexity of direct calculation
may be avoided by a simpler, although approximate,
description based on the asymptotic identity of radial
and uniform transmission line formulas at large radii.
Approximate expressions are developed for input
admittance, frequency sensitivity, and higher mode
interaction effects on radial lines. Estimates of the order
of accuracy are included, and applications are made to
sectoral horns.”’

621.392.09 30

Propagation of an Electromagnetic Wave Guided by a
Metal Surface with Dielectric Coating.—]. F. Colin.
(Onde élect., May 1951, Vol. 31, No. 290, pp. 245-256.)
Propagation along a cylindrical conductor is considered,
assuming a perfect conductor and a loss-free dielectric.
The conditions are deduced for a single possible mode of
propagation, the TM,, mode; if the frequency, or the
dielectric constant, or the thickness of the dielectric are
increased beyond certain limits, conditions are obtained
in which other modes are possible. The effective cross-
section of the conductor in transmitting power is much
greater than its physical dimensions, owing to the distri-
bution of energy in the surrounding fields. Expressions
are deduced for the effect of losses and for the maximum
power transmitted, and curves are drawn to assist in the
solution of practical cases. The conditions for propaga-
tion of TE waves are briefly discussed.

621.392.2.09 4 621.396.11 31

Characteristic Impedance, Power, Voltage and Current
in Transmission along Lines, in Waveguides and in Free
Space.—O. Zinke. (Funk u. Ton, May 1951, Vol. 5, No.
5, pp- 225-238.) Neglecting losses and assuming purely
progressive waves of sinusoidal form, the following
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relations are derived: (¢) the ratio of the mean field
strengths Ey/Hp at any point in the field cross-section
perpendicular to the direction of propagation is indepen-
dent of the dimensions of the system and is termed the
elementary characteristic impedance ze; (b) the character-
istic impedance zg of the system is equal to ze hy /by,
where hp, is the effective height and by the effective
breadth of the field; (¢) the power transfer N=Ep. Hp X
hm. bm, i.e., the product of mean power per cm? and the
effective cross-section S of the field. For rectangular
waveguides S agrees exactly with the actual cross-section;
for coaxial cables and narrow strip conductors the agree-
ment is only approximate.

621.392.26t 32

Experimental Investigation of the Reflections produced
in a Waveguide by any Dielectric.—L. R. Noriega. (Radio
frang., June 1951, No. 6, pp. 1-9.) Reprint. See 3038 of
1949.

621.392.26¢ 33

A Study of Single-Surface Corrugated Guides. —\V.
Rotman. (Proc. Inst. Radio Engrs, Aug. 1951, Vol. 39,
No. 8, pp. 952-959.) Two types of structure were
investigated experimentally as transmission lines and as
radiators: (a) a flat grooved plate fed by a waveguide;
(b) a circular corrugated cylinder fed by a coaxial line.
Modification of type (b) results in a spirally grooved rod
with similar properties. Measured field parameters agree
with those predicted from theory. For properly designed
structures the energy is essentially bound to the corrugated
surface; little radiation occurs, and the attenuation of the
travelling wave is due mainly to losses in the metal.
The effect of filling the corrugations with solid dielectric
is analysed.

621.392.261 : 621.39.09 34

Refraction of Evanescent Waves.—-N. Carrara. ( A4lta
Frequenza, Aug. 1950, Vol. 19, No. 4, pp. 164-174.) An
account of experiments in which evanescent centimetre
e.m. waves are incident on a plane separating two di-
electrics, the reflected wave being also evanescent, while
the refracted wave is of ordinary type. The results
indicate that Snell’s laws and Fresnel’s formulae are
valid even when the angles of incidence and reflection are
complex.

621.392.261 : 621.39.09 35
Propagation of U.H.F. Electromagnetic Waves in
Conducting Waveguides of Rectangular Cross-Section:
Part 1.—H. Frithauf. (Elektrotechnik, Berlin, June 1951,
Vol. 5, No. 6, pp. 263-269.) Under certain conditions,
energy is propagated in tubular conductors as plane
waves. Vector analysis is applied to derive simple
formulae, applicable by mathematical technicians to
practical cases, for the field components of E and H
waves, the limiting frequency, the wavelength in the
rectangular waveguide, and the phase velocity.

621.396.67 36

Progressive-Wave Aerials.—A. I7. Huerta. ([Rewv.
Telecomunicacion, Madrid, June 1951, Vol. 6, No. 24,
pp- 23-37.) Theory is given relating to a progressive-wave
aerial terminated by its characteristic impedance; the
gain is-calculated and the effect of finite ground conduc-
tivity is discussed. The results are applied to explain the
properties of rhombic aerials and of the Marconi series-
phase aerial.

621.396.67 37

A Short Proof that an Isotropic Antenna is Impossible.
—H. F. Mathis. (Proc. Inst. Radio Engrs, Aug. 1951,
Vol. 39, No. 8, p. 970.)
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621.396.67 38

Tuning and Matching of Aerials.—A. F. Huertas.
(Rev. Telecomunicacion, Madrid, March 1951, Vol. 6,
No. 23, pp. 38-49.) Various methods of tuning and match-
ing are illustrated and analysed. Particular cases con-
sidered include the excitation of a directive group of
aerials and applications of ‘balun’ devices.

621.396.67 : 621.316.761.2 39
Increase of the Bandwidth of Aerials by means of
Compensation Circuits.—R. Goublin. (Onde élect., May
1951, Vol. 31, No. 290, pp. 233-244.) The problem is
reduced to that of determining an aerial and associated
network such that, in the complex diagram of the system,
its input impedance falls within a circle defined by the
magnitude of the maximum permissible s.w.r. in the
feeder line. Using this construction the general cases are
discussed of the matching of any aerial to a network and
of the increase of aerial bandwidth by compensation
circuits, or by sections of transmission lines. Seli-
compensated arrays are described and compensation
methods are demonstrated by practical examples.

621.396.67 : 621.397.5 40

Directional Operation Planned for KRON-TV.—R. A.
Isberg. (Tele-Tech, July 1951, Vol. 10, No. 7, pp. 26-27,
76.) An 8-section channel-4 R.C.A. TF-DA ‘Super-
gain’ aerial is mounted on a 200-ft tower on San Bruno
Mountain, 4 miles inland from the San Francisco coast.
Radiation is at present omnidirectional, but may be
modified to give 100 kW radiated power inland and 3 kW
radiated power towards the ocean. Feeder and aerial
assembly are described in outline.

621.396.67 + 534.231]: 778.3 41

A Photographic Method for Displaying Sound-Wave
and -Microwave Space Patterns.—Kock & Harvey.
(See 3.)

621.396.67.029.51 42

A Long-Wave Aerial.—L. C. Garcia. (Hev. Tele-
comunicacion, Madrid, March 1951, Vol. 6, No. 23, pp.
82-85.) Description of an aerial forming part of the
equipment of the new Spanish Transradio station at
I’arets del Vallés, Barcelona. The aerial is of the inverted-
L type, the horizontal portion having a mean height of
836m and being supported from steel lattice masts.
The operating frequency of 79-15kc/s will give a working
radius of 1750km with fields > 30uV/m, sufficient for
reception on an undulator.

621.396.67.029.62 43
Transmitting Aerials for U.S.W. Broadcasting.
\V. Berndt. (7'elefunken Ztg, March 1951, Vol. 24, No. 90,
pp. 6-21.) 'The characteristics desirable in aerials for
broadcasting in the frequency band 87-7-100Mc/s are
cnumerated and the properties of simple and beamed
radiator elements are described, the conditions being
determined for selection of the optimum distance between
the elements. Methods of feeding multi-element aerials
are described. Practical installations of U-aerials and

double-slot aerials are illustrated and discussed.

621.396.67.029.63 44
Sidefire Helix U.H.F.-TV Transmitting Antenna.—
L. O. Krause. (Electronics, Aug. 1951, Vol. 24, No. 8,
pp- 107-109.) A travelling-wave helical aerial giving a
power gain of 20 at 500 Mc/s, with a bandwidth of 20
Mc/s, consists of four vertically stacked bays, each includ-
ing a right- and a left-hand helix placed end to end and
fed at their junction. Beam tilt can be produced by
mechanically rotating one portion of the aerial relative to

the other.
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621.396.67.029.64 45

U.H.F. Dipoles.—P. E. Vincelet. (Rev. lech. Comp.
Sfrang. Thomson- Houston, April 1951, No. 15, pp. 43-49.)
In the construction of linear arrays dipoles, including
slotted dipoles, are particularly useful. A simplified
method of calculating the characteristics of dipole
arrays is outlined and admittance characteristics of
dipoles used under various conditions are given.

621.396.671 46

[E.m.] Waves in a Flat Horn.—B. L. Rozhdestvénski
(C. R. Acad. Sci. U.R.S.S., 11th March 1951, Vol. 77,
No. 2, pp. 221-224. In Russian.) A mathematical
discussion is presented of the excitation of a flat horn by
waves, either plane or cylindrical, arriving from a
waveguide coupled to the horn. A conformal trans-
formation is used which enables the problem to be re-
duced to a differential equation with partial derivatives.
With certain simplifying assumptions a finite solution of
this equation can be obtained. The solution is sufficiently
accurate for practical purposes but its accuracy can be
increased by using the method of successive approxi-
mations. The method is applicable also to circular and
coaxial horns.

621.396.676 47

Radio-Frequency Current Distributions on Aircraft
Structures.—J. V. N. Granger & T. Morita. (Proc. Inst.
Radio Engrs, Aug. 1951, Vol. 39, No. 8, pp. 932-938.)
Models having scale factors of 43:1 to 72:1 were used,
and the magnetic field surrounding the excited model
was explored by means of a small loop. The results are
shown diagrammatically for several types of aircraft
excited by aerials of different types.

621.396.676 48

Experimental Study of Slot Aerials.—]. Desauty & R.
Rocherolles. (Radio frang., June 1951, No. 6, pp. 14-17.)
Signals from a slot aerial located under an aircraft
were received by a similar aerial on the ground. Polar
diagrams are given; the results are in conformity with
theory.

621.396.677 49
Lenses for Microwaves..—1'. 1. Garrido. (Rev. Tele-
comunicacion, Madrid, March 1951, Vol. 6, No. 23,

pp. 65-75.) A concise review of the properties of various
types of lens, including those formed of homogeneous
dielectric, those with plane-parallel conductors, lenses of
artificial dielectric and others in which the index of
refraction varies with distance from the axis.

621.396.677 50

Path-Length Microwave Lens.—D. G. Kiely. (Wireless
Engr, Aug. 1951, Vol. 28, No. 335, pp. 248-250.) Experi-
mental investigation of the E-plane radiation patterns of
a cylindrical path-length lens shows an asymmetric main
beam, which cannot be caused solely by an asymmetric
distribution of field amplitude across the aperture but
must be due also to the presence of asymmetric phase
curvature, contrary to the experience of Kock (3058 of
1949). The path-length lens, although having many
H-plane applications, is fundamentally unsuited for
phase-correction in the E-plane.

621.396.679.4 51

New Method of Top Feed for Antifading Broadcasting
Masts.—H. Graziadei. (Fernmeldetech. Z., April 1951,
Vol. 4, No. 4, pp. 159-167.) Methods adopted to reduce
fading effects in the service area of a broadcasting aerial
are discussed and the advantages of feeding an aerial at a
point near the top are pointed out. Practical methods for
top feeding a vertical aerial are described and the results
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of measurements of the vertical distribution of radiation
for aerials fed at the foot and top respectively are shown
in graphs.

61.392.26% 52

Felder und Wellen in Hohlleitern. [Book Review]—
H. H. Meinke. Publishers: R. Oldenburg, Miinchen,
1949, 148 pp., 15 DM. (Frequenz, Feb. 1951, Vol. 5,
No. 2, p. 53.) A detailed exposition in relatively simple
form of the propagation of waves in waveguides. Useful
for practising engineers as well as for students.

CIRCUITS AND CIRCUIT ELEMENTS

621.3.012.3 : 621.396.621.54 53

New Diagrams for ‘Ganging’ Calculation.—H. Kerbel.
(Funk u. Ton, June 1951, Vol. 5, No. 6, pp. 287-296.)
Diagrams facilitating the determination of the para-
meters of ganged capacitors in superheterodyne receivers
are given. From the data of the variable capacitors
completely independent parameters can be derived. The
values of the parallel (trimmer) and series capacitors are
obtained by multiplication of the corresponding para-
meters by the capacitance variation AC of the variable
capacitor, the inductance by division by AC. The mag-
nitude and distribution of the distributed capacitance are
taken into account. A method of measuring the error
curve is also described.

621.3.015.71 : 621.387.4% 54

A Mechanical Kick-Sorter (Pulse Size Analyser).
S. G. F. Frank, O. R. Frisch & G. G. Scarrott. (Phil.
Mag., June 1951, Vol. 42, No. 329, pp. 603-611.) Each
pulse causes a small steel ball to be propelled along an
inclined board; the ball describes a parabolic path, which
is determined by the pulse amplitude, and lands in one of
30 parallel grooves. A histogram of the pulse size distri-
bution is thus built up. The mechanical construction and
associated electronic circuits are described. The latter
eliminate pulses which are either too large or too small
to be recorded, or which follow too closely upon the pre-
vious pulse.

621.3.015.7t : 621.3.018.781 55

Pulse Distortion.—S. H. Moss. (Proc. [nstn elect. Engrs,
Part 111, Sept. 1951, Vol. 98, No. 55, pp. 398-400.)
Summary of I.E.E. Monograph No. 5. Iforalinearlow-pass
process, certain invariants which completely define the
pulse shape exist for any input pulse; these are always
increased by the same invariants, imposed by the system,
to yield the invariants of the output waveform. The
pulse invariants correspond to parameters used to describe
statistical distributions. The theory in generalized form
applies also to wave packets.

621.3.016.35 56

Application of Bode’s Relation to the Calculation of a
Nyquist Diagram.—A. Herrent & G. Novgorodsky.
(HF, Brussels, 1951, No. 9, pp. 229-236, 255) In
applying Nyquist’s stability criterion to a closed system
it is necessary to know the frequency/phase and fre-
quency/amplitude characteristics of the network over a
very wide frequency range. The practical difficulties
involved, especially at low frequencies, are eliminated by
the use of Bode’s relation which relates the phase and
amplitude characteristics. A quick and easily applied
graphical method is described for evaluating the integral
in Bode's formula and hence the Nyquist diagram may be
drawn. The method has been verified experimentally in
the case of a low-frequency amplifier with resistive feed-
back.

621.314.2 : 621.392.6 57
Contributions to the Theory of the Differential Trans-
former.—G. Schmitt. (Frequenz, Feb. 1951, Vol. 5,
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No. 2, pp. 39-44.) Equations and equivalent circuits for
the differential transformer are developed from the
theory of six-pole networks. The stop-band attenuation
is calculated and its frequency variation investigated.
Design conditions are discussed for making the stop-band
attenuation as great as possible.

621.315.5921 : 537.312.6 58
Experiments on Thermistors of Italian Manufacture.-
P. Lombardi & M. Vallauri. ( Alta Frequenza, April 1951,
Vol. 20, No. 2, pp. 51-67.) Basic theory of electronic
conduction in semiconductors is outlined, and variation
of resistance with temperature is considered. Measure-
ments on specimen thermistors are reported, and the
values of their time constants are deduced. Applications

both familiar and unfamiliar are discussed.

621.316.726.078.3 59

U.H.F. Discriminator and its Application to Frequency
Stabilization [of klystron].—G. Pircher. (RRev.tech. Comp.
frang. Thomson-Houston, April 1951, No. 15, pp. 37-42.)
A modification of Pound’s stabilization circuit (1690 of
1947) is described which avoids the use of magic-T
junctions. See also 2758 of 1951.

621.316.761.2 : 621.396.67 60
Increase of the Bandwidth of Aerials by means of
Compensation Circuits.—Goublin. (See 39.)

621.318.4 61

Mean Winding Length.—L. Hubl. ([Llektrotechnik,
Berlin, April 1951, Vol. 5, No. 4, pp. 175-179.) Methods
and formulae are given for determining the mean length
of choke and transformer windings on laminated cores.
Tables and diagrams enable the required values to be
found directly for many practical cases without much
calculation, the values in the tables being used for
interpolation.

621.318.572 82

Transition of an Eccles-Jordan Circuit.—J. R. Tillman.
(Radio tech. Dig., Edn frang., 1951, Vol. 5, Nos. 3 & 4,
pp- 143-146 & 203-216.) French version of 2119 of 1951.

621.318.572 83
Electronic Switch.—S. TF. Pinasco. (Rev. telegr.,
Buenos Aires, June 1951, Vol. 39, No. 465, pp. 333-335,
353.) Description, with detailed circuit diagram, of a
switching circuit consisting of a multivibrator which
produces the voltages necessary for alternate blocking
and unblocking of the signal, and an amplifier giving the
required amplitude.
621.318.572 : 621.385.5 84
High-Speed Sampling Techniques.—B. R. Shepard.
(Electronics, Aug. 1951, Vol. 24, No. 8, pp. 112-115)
Condensed version; for full paper see Proc. nat. Elec-
tronics Confevence, Chicago, 1950, Vol. 6, pp. 255-265.
An arrangement is described which is suitable for trans-
mitting observations from a number of measuring ele-
ments in rapid cyclic succession, using only one channel;
signals of low intensity are considered. A rotating-
radial-beam-valve commutator of the type described by
Skellett (3167 of 1944) is connected to the individual
circuits in turn. The noise generated by this scanning
operation is discussed; its magnitude determines the
amount of preamplification required. Scanning rates of
105 elements/sec are obtainable.

621.319.4 85

Working Characteristics and Performance of Ceramic
Capacitors.—A. Danzin. (A4nn. Radiodlect., April 1951,
Vol. 6, No. 24, pp. 156-179.) The performance of capaci-
tors of a great variety of tvpes formed from the ceramic
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dielectrics previously described (132 of 1951) is discussed
m detail. Manufacturing processes are described and
tables are given analysing the general characteristics:
stability, dielectric loss, endurance under varving climatic

conditions, temperature coefficient, and overload
characteristics.
621.392 66

The Effect of Alteration of Network Parameters in a
Particular Type of Reactance Network on the Resonance
Frequency of the Network.—71. O’'Callaghan. (Frequenz,
I‘eb. 1951, Vol. 5, No. 2, pp. 44-47.) The networks con-
sidered are of low-pass shunt-capacitance ladder type
with »# unequal capacitors and » 4+ | unequal induct-
ors. T'wo cases are distinguished: (¢) where available
component magnitudes do not coincide exactly with
design requirements for a desired performance of the
network; (b) where it is desired to eliminate an undesired
resonance occurring in an existing network. The method
developed is based on considering half-sections of the
network as separate resonant systems.

(621.392.001 .4 67

Determination of Amplitude and Phase Clharacteristics
of Linear Networks by means of Square Waves.— Miiller.
(See 209.)

621.392.5 : 512.831 68

Transformation of tlie Quadripole-Network Matrix to
the Diagonal Form,—I11. Schulz. (Awrch. clekt. Ubertra-
gung, June 1951, Vol. 5, No. 6, pp. 257-266.) Description
of a method which systematizes all types of linear quad-
ripole, with application to a low-loss transformer with
fixed coupling.

621.392.52 69

The Four-Circuit Band-Pass Filter and Bandwidth
Switching by Back Coupling.—G. !lentschel. (Funk u.
Fon, June 1951, Vol. 5, No. 6, pp. 231-286.) The
formulae for calculating the resonance curves of 4-circuit
filters with arbitrary values of coupling and damping are
derived. By introducing auxiliary coupling from the
fourth to the first circuit, bandwidth switching is effected
very simply. The filter than approximates to a 2-circuit
filter with enhanced coupling.

621.392.52

Transfer Properties of Single- and Coupled-Circuit
Stages with and without Feedback.—]. . Muehlner,
(Proc. Inst. Radio Engrs, Aug. 1931, Vol. 3%, No. 8,
pp- 939 945.) “Universal curves of the reciprocal of the
complex response function are studied for systems with
one or two tuned circuits. The normalized parabola for
two circuits is presented with a net of loci for the origin of
co-ordinates within it. The ratio ¢, Q,, the amount of
fixed detuning, the amount of coupling, and amplitude
and phase of any additional feedback independently
displace the origin with respect to its position in case of
two identical, uncoupled circuits without feedback.
Complex cases may be casily analyzed. Dilferent methods
incorporating regeneration or feedback loops are dis-
cussed which allow practical bandwidth control within
wide limits.”

621.392.52 0 621.395.44 71

Group-Combining Filters for Twelve and Twenty-Four
Circuit Carrier Systems.-D. \W. Robson. (G./5.C.
lelecontmun., 1948, Vol. 3, No. 1, pp. 45-51.) Comple-
mentary high-pass and low-pass crystal filter units are
described for combining and separating the two sets of
twelve channels in the 12--60-ke s and 60-108-ke¢/s bands
respectively, in a 24-channel carrier system. An attenu-
ation of > 40 db is achieved for the two stop bands of,
respectively, 60-3--108 and 12-59-7 ke's, with a pass-
band loss level to within 4- 0-5 db
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621.392.53 72

Waveform Systems and Time ‘Equalizers’.—D. C
Espley. (Wireless Engr, Aug. 1951, Vol. 28 No. 335,
pp- 251-258.) A new approach to the solution of circuit
problems where the available transmission information is
given in terms of distorted waveforms. Some classical
transforms relating frequency and time characteristics
can be replaced by simpler algebra which enables the
physical interpretation to be kept in view. The amplitude
and phase characteristics of a system with unknown
internal structure are evaluated simply from the non-
redundant networks which are arranged to simulate the
actual system waveform distortions. The insertion
characteristics of the waveform-correcting networks, or
‘time equalizers’, follow directlv. The correction of some
systems may require the use of both ‘time equalizers”and
the better known ‘steady-state’ equalizers.

621.392.6.062 73

N-Terminal Switching Circuits. - 1°. N. Gilbert.
(Bell Syst. tech. [., Julv 1951, Vol. 30, No. 3, pp. 668-
:8%8.) Shannon’s method of synthesis of 2-terminal switch-
ing networks (2456 of 1944) is generalized to apply to
N-terminal networks which use sclector switches with
any number of positions.

621.396.611.1 74
Constant Oscillatory Circuits for High Frequencies.
IX. Schreck. ([Fermmeldetech. Z., \pril 1951, Vol. 4,
No. 4, pp. 145-149.) The design and properties are de-
scribed of various fixed and variable circuits including
ceramic components, which givea frequency constancy of
the same order as that obtained with quartz crystals.
The methods of compensation specially developed for

new types of circuit are described.

621.396.611.1 75

Internal Resonance in Circuits containing Nonlinear
Resistance. R. L. Fontana. (/’roc. Inst. Radio fingrs,
VMug. 1951, Vol. 34, No. 8, pp. 945 951.) The simul-
tancous presence of two oscillations locked in synchronism
is investigated for circuits containing a nonlinear
element. Such a circuit is said to be ‘internally resonant’
the ratio of the two frequencies being that of two integers.
The solution of the appropriate equations and the con-
ditions for stable equilibrium are discussed.

621.396.611.1 76

Oscillation Excitation in Circuit with Periodically
Varying Capacitance.--\\. Taeger. (Funk u. Ton, June
1951, Vol. 5, No. 6, pp. 300 30%.) Starting from a
particular form of the modulation function of the
capacitance variation which is rich in harmonics (saw-
tooth function) and which has the advantage of affording
an cxact solution of the differential equation describing
the phenomena, the conditions are investigated under
which the natural damping of the circuit can be elim-
inated and the currents and voltages follow a simple sine
law,

621.396.611.1 ks

Method of Determining the Forced Oscillations produced
by a Periodic E.M.F. of Arbitrary Waveform. —-O. M
Bogatyrew. (Llektrotechnik, Berlin, May 1951, Vol. 5,
No. 3, pp. 194 197.) A formula for the induced current is
derived which involves an integral with limits convenient
for calculation. The formula is developed by a simple
application of the Duhamel integral.

621.396.611.3 78

Equations for the Natural Frequencies of Coupled
Circuits from the Quadripole Viewpoint.—Il. Rukop &
H. Kaiser. (Telefunken Zig, June 1951, Vol. 24, No. 91,
pp. 64 74.) Various simple and more complex circuits are
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considered, and formulae for the coupling factors are
derived and tabulated together with relations between the
circuit parameters. Applications of the theory to circuits
involving the various types of coupling are described.

621.396.611.4 79

Separation of Degenerate Oscillation Modes in Per-
turbed Rectangular Cavities.—1°. Bosinelli. (Alta
Frequenza, Oct./Dec. 1950, Vol. 19, Nos. 5/6, pp. 244—
258.) A rectangular resonant cavity is considered, the
walls of which have a slight arbitrary deformation. The
perturbed resonance frequencies and in particular the
frequency displacements of two degenerate modes are
determined theoretically. The principles followed in the
case of twofold degeneracy can be generalized for N
degenerate modes. The frequency shifts are calculated
for the two degenerate modes T L,,, and TAM,,, in a
rectangular cavity which has been deformed into a
trapezoidal cavity by tiiting one of its walls through a
small angle 8. This type of perturbation separates the
two modes: to a first approximation the relative fre-
quency shifts are proportional to §. Similar results are
obtained for the two modes T2, and T E,, when they
are degenerate.

621.396.615 : 621.316.726 80
Difference Oscillators and their Constancy. V.
Herzog. (Arch. elekt. Ubertragung, June 1951, Vol. 5,
No. 6, pp. 279--283.) Arrangements are described which
produce two frequencies simultaneously and, after
rectification, emit the difference frequency. Bridge types
of oscillator with similar or dissimilar arms are con-
sidered. In the latter case, the use of a crystal as one
branch of the circuit results in high constancy of the
difference frequency. A simple oscillator is also described
which uses a 130-kc/s crystal provided with three elec-
trodes; the resulting difference frequency is 1-3 kc/s.

621.396.615.018.4241 81

Seven-League Oscillator.—I°. 1. Anderson. (Proc.
Inst. Radio Engrs, Aug. 1951, Vol. 39, No. 8, pp. 881
890.) A bridge-type RC oscillator is described which is
continuously variable over a very wide frequency range
in one sweep of a two-gang linear-potentiometer control.
The output is available in four phases, and the frequency
is an approximately logarithmic function of the potentio-
meter setting. The design of the bridge is discussed in
terms of circle diagrams of transmission through RC
networks. Tentative frequency limits are 0-01 ¢/s and
10 Mc/s. Accuracy of setting and stability of frequency
are discussed.

621.396.615.029.422/.426 82

A Balanced RC Oscillator.—D. A. Bell. (J:lectronic
Engng, July 1951, Vol. 23, No. 281, pp. 274-275.) A
Wien-bridge feedback circuit with a balanced maintaining
amplifier is used to produce frequencies between 0-1 and
20 ¢/s having a very small even-harmonic content.

621.396.615.14 83

Limiting Range for the Generation of Oscillations with
Grid-Controlled Valves.—L. Ratheiser. (Radio Tech.,
Vienna, April 1951, Vol. 27, No. 4, pp. 168 170.) Con-
tinuation of paper abstracted in 1819 of 1948. Circuit
arrangements and construction of various types of u.s.w.
oscillator are discussed.

621.396.615.17 84

Frequency Multiplier with Selective Network in the
Grid Circuit.—A. Taraboletti. (Alta Frequenza, Oct./Dec.
1950, Vol. 19, Nos. 5/6, pp. 221-230.) Relative ampli-
tudes of the various harmonics appearing in the anode
circuit are calculated for the case of an aperiodic and of a
selective grid circuit. Experimental results confirm the
superiority of the selective arrangement.
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621.396.619.23 85
Oscillator Circuits as Frequency Modulators.—Mansfeld.
(See 283.)

621.396.645 86

Mathematical Treatment of Control Curves for Ampli-
tude-Controlled Amplifiers.—]. l!lacks. (Telefunken
Ztg, March 1951, Vol. 24, No. 90, pp. 51-54.) The depen-
dence of the output voltage on the input voltage is
investigated (@) for linear dependence on the slope of the
control-valve characteristic (hexode with grid-3 control),
(b) for exponential dependence (pentode, or hexode with
grid-1 control). Both cases admit of accurate calculation.
Experimental and theoretical curves are compared and
the design of a practical i.{. amplifier with forward and
backward control is shown.

621.396.645 87

Cathode-Follower Input Impedance.— J. E. Ilood.
(Wireless Engr, Aug. 1951, Vol. 28, No. 3335, pp. 231
239.) The input conductance G of a cathode follower with
a capacitive load decreases with increasing frequency,
passes through zero and becomes negative. The circuit
with the grid leak returned to a point on the cathode
resistance is analysed; an expression is obtained for the
frequency at which G is zero. Methods of raising this
frequency are discussed; the most satisfactory involves a
series grid resistance. Experimental work with a triode-
connected IEF 91 is described. Discrepancies between
predicted and observed behaviour are attributed to
Miller effect, resulting from the nnavoidable anode load
presented by the anode decoupling capacitor.

621.396.645 : 621.392.52 88

New Method of Calculating High-Frequency Filters with
Tchebycheff Type of Amplification.—H. Edelmann.
(Avch. elekt. Ubertragung, June 1931, Vol. 5, No. 6,
pp. 284-292.) \With the aid of Tchebycheff polynomials
the amount of amplification, and hence the complex
amplification, is determined by choice of the null points
of the reciprocal of the complex amplification. Circuit
parameters can then be chosen so that the null points
agree with requirements. The method is applicable to
amplifiers with any number of stages and circuits. Typical
examples considered are (a) single-circuit amplifier stage,
(b) two-circuit amplifier stage with coupled filters.

621.396.645.018.4241 89

Design and Construction of Wide-Band I.F. Amplifiers.
—1L. Gérardin. (Rev. ftech. Comp. fran¢. Thomson-
Houston, April 1951, No. 15, pp. 19-36.) The genera:
design of i.f. amplifiers for use in radar receivers is dis-
cussed. Large bandwidth may be achieved in amplifiers
of normal type by the use of certain artifices, but the
method has limitations. A distributed amplifier is
described which has a pass band of 10-150Mc/s at
+3db, with an overall gain of 72db. The calculation of
the overall noise factor of a radar receiver is described in
an appendix.

621.396.645.018.781 90

Nonlinear Distortion in Push-Pull Class-B Amplifiers
with Choke Output.—T. Bottcher. (Telefunken Zig,
March 1951, Vol. 24, No. 90, pp. 39-48.) Detailed
mathematical analysis of the choke output circuit, with
numerical calculations for a 40-kW valve. Approximate
formulae are shown to give results which are sufficiently
accurate for most purposes.

621.396.645.029.4 : 621.3.018.781 : 534.861 91

Audio-Frequency Amplifiers with Adjustable Non-
linearity (Distortion Circuits).—Hoffmann. (See 26.)
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621.396.645.2.015.422¢ 92
Calculation of High-Frequency Amplifier Circuits with
Relatively Narrow Pass Band (Radio Filter Circuits),—
W. Cauer. (.dreh. Ilckirotech., 1951, Vol. 40, No. 2, pp.
88-109.) A general method of calculation is developed
whereby any symmetrical frequency characteristic of an
amplifier containing only single-circuit coupling networks
can be realized in respect of phase and amplitnde by an
amplifier circuit having a prescribed number of stages
with multiple-circuit coupling. Detailed treatment is
given for 2- and 3-circuit reactive networks. Application
of the method to purely resistive networks is considered.

621.396.645.35 93

D.C. Amplifier with Reduced Zero-Offset.—\V. McAdam,
R. I Tarpley & A, ). Williams, Jr. (Electronics, \ug.
1951, Vol. 24, No. 8 pp. 128-132)) Essentially the same
paper as published in Proc. nat. Ilectronics Conference
Chicago, 1950, Yol. 6, pp. 277 285. An amplitier for
current measurentent, using a calibrated 1-M() woven-
wire resistor, has a zero otfset (ie., input required to bring
output to zero) less than 1-6 times the peak-to-peak value
of thermal-tluctuation voltages, corresponding to 10712\
on current ranges and 1uV on 2 1019-Q2'V voltage
ranges. Overall d.c. feedback is used.

621.396.645.37 94

Parallel Voltage Feedback.—IX. [1. IR. \Veber. (Llcktro-
technik, Berlin, April 1951, Vol. 5, No. 4, pp. 180182
Series and parallel voltage feedback are discussed with
the aid of diagrams and are shown to be essentially
similar in operation. I’arallel voltage feedback involves
two damping quantities, which can be determined from
formulae given. Amplification with parallel feedback is
not directly measurable, but must be calculated from a
simple formula involving the two damping quantities and
a certain voltage ratio. .\ particular case is noted in
which the output voltage is zero.

621.396.645.371 95

Distortion and Power Output of Negative-Feedback
Amplifier Output Valves in Class-A Operation.— K.
Siegert. (Telefunken Ztg, June 1951, Vol. 24, No. 91
pp. 100 117) A theoretical and experimental investi-
gation, illustrated by manyv curves, of the distortion
remaining after application of negative feedback, first
for the case of a phase-constant external resistance and
then for a frequency-dependent external resistance such
as a loudspeaker.

621.396.645.371 : 621.3.015.3 96

Transient Phenomena in Wide-Band Feedback Ampli-
fiers.—O. 3. Lur'c. ([Zlektrotechnik, Berlin, April 1951,
Vol. 5, No. 4, pp. 171-174.) German version of 78 of 1930,

GENERAL PHYSICS

337.291 97

On the Motion of Gaseous Ions in a Strong Electric
Field: Part 1. G. . \Wannicr. (Phvs. Rev., 15th July
1951, Vol. 83, No. 2, pp. 281 -284) The Boltzmann
form of the kinetic theory of gases is used to determine
the motion of positive ions in a gas under the influence of
a static, uniform electric field. The ion density is assumed
to be vanishingly low and the fiekd to be of a strength
such that the energy it imparts to the ions is not negligible
in comparison with their thermal cnergy. The velocity
averages are studied, rather than the details of velocity
distribution

H37.52 98
Cold Emission of Electrons in Spark Gaps.—I". L.

Joues & £, T. de la Perrelle. ( Nature, lond., 28th July
1951, Vol 168, No. 4265, pp. 160 161.) The results of

\.8

measurements of the electron emission from a Ni cathode
oxidized by previous sparking in air are interpreted as
supporting the view that the electrons have their source
in the oxide surface laver and are extracted by a field
process.

337.52 99
Physics of Electrical Discharge.—1-. I.. Jones. ( Nature,
Lond., 28th July 1951, Vol. 168, No. 4265, pp. 1_40 142}
Report of a symposium on ‘Some Aspects of Discharge
Physics’ held on 29tli—-31st March 1951 at Swansea.

337.52 100
The Distribution of Electron Energies in a Discharge
constricted by its Self-Magnetic Field.— ]. 1. Allen.
(Proc. phys. Soc., Ist June 1431, Vol. 64, No. 378A, pp.
A87-389.) The distribution of electron velocities in a
high-current arc in which the radial clectric field can be
neglected is shown to difter from the Maxwellian, owing
to the action of the self-magnetic field. In particular, the
proportion of high-velocity electrons is rednced

537.521 101

Microsecond Transient Currents in the Pulsed Townsend
Discharge.— . \. lHornbeck. (/’hvs. Rev., 15th July
1951, Vol. 83, No. 2, pp. 374 379.) The variation of
photoelectric emission current with time was observed
using an experimental gas-filled tube and a pulsed light
source. The method is useful for studving fundamental
parameters and processes in the noble gases.

537.525 102

Mechanism of Secondary Iomization in Low-Pressure
Breakdown in Hydrogen.—I. I.. Jones & D. 2. Davies.
(Proc. phys. Soc., 1st June 1951, Vol. 64, No. 3758B, pp.
519-527) The breakdown mechanism was investigated
by examining the dependence of the shape of cathode
emission curves on the deposition of electro-positive or
electro-negative atoms on cathodes of Ni, A1, Ag, Cu and
Mo. ‘“‘Results are analvsed in terms of the varving
eifective work function of the surface due to the deposition
of atoms. It is concluded that the high photoelectric
cmission from cathodes of low effective work function was
dueto low-energy photons gencrated in the pre-breakdown
currents, but that for clean metals the secondary ¢mission
was due to impact of positive ions; photo-emission due to
any high-energy photons generated in the ionization
currents was negligible in comparison.

337.525.5 103

The Potential Field in and around a Gas Discharge, and
its Influence on the Discharge Mechanism.—\V. Finkeln-
burg & S. M. Segal. (Phys. Rev., Ist Aug. 1951, Vol. 83,
No. 3, pp. 582 3585.) Measurements on the cathode and
anode fall regions in carbon arcs are described; the
thickness of each region is 0-01 cm. The distorting
effect of the nonuniform space-charge distribution on the
potential field is discussed. ’otential probe measurements
in low- and high-current carbon arcs are in good agree-
ment with the theoretical analysis and prove the transi-
tional region between the distorted potential field inside
and the undistorted potential ficld outside the discharge
to be a fairly thin one.
H37.533 1 538.56 104

Radio Wave Generation by Multistream Charge
Interaction.- -J. I‘einstein & H. K. Sen. (Phys. Rev.,
I5th July 1951, Vol. 83, No. 2, pp. 405-412.) Theories of
the excitation of plasma oscillations in a two-clectron-
beam system are reviewed; analytical and graphical
methods are used to determine the ranges of parameters
within which the growth of waves is possible, taking into
account the effect of thermal motion. The growth of
waves is possible, within a narrow frequency range, even
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when the beam injection velocity is much smaller than the
mean thermal velocity. Relevance to solar phenomena is
discussed. A new theory is advanced of the mechanism
by which the longitudinal oscillations are converted into
transverse electromagnetic radiations.

537.633 : 538.56 105

The Relativistic Theory of Electro-Magneto-Ionic
Waves.—V. A. Bailey. (Phys. Rev., 15th July 1951,
Vol. 83, No. 2, pp. 439-454.) “‘The relativistic equations
governing an ionized gas pervaded by static electric and
magnetic fields and the corresponding equations for
small perturbations, are derived. The equations for
plane perturbations are then obtained and several
important cases are developed in detail. Frequency
bands in which growing wave-modes occur are also
determined. By means of certain rules of transformation
the theory is also used to study the plane waves which
can occur in interpenetrating double streams of electrons.
The results obtained are formally similar to those
obtained for waves in an ionized gas. 1n the absence of
static magnetic fields and with the effects of collisions
neglected it is found that, in either an ionized gas or in
interpenetrating double streams of electrons, certain
waves propagated obliquely to the drift motions may
both grow and possess Poynting fluxes; these fluxes are
such that certain initial disturbances can lead to the
escape of amplified electromagnetic energy from an
ionized medium. The exchange of momentum and energy,
between the streams of electrons and ions and the grow-
ing waves, is discussed by means of the momentum-
energy tensors of the charged particles and of the electro-
magnetic field. . . It is concluded that both theory and
observation lend support to the hypothesis suggested
previously that a notable part of cosmic noise and strong
solar noise originates as electro-magneto-ionic waves in
magnetized ionized regions.”

537.533 : 621.385.029.63/.64 108

Waves in Electron Streams and Circuits. —J. R.
Pierce. (Bell Syst. tech. J., July 1951, Vol. 30, No. 3,
pp. 626-651.) A review of some of the assumptions made
and general problems involved in analysis of the pro-
perties of electron streams coupled to circuits. The
reasons for using a wave approach are explained. “The
propagation constant of the wave is obtained in terms of
the properties of the electron stream and the impedance
of the circuit. Some general properties of waves are
described. The importance of fitting boundary conditions
in the solution of an actual problem is discussed, and
examples, including that of ‘backward-gaining’ waves,”
are considered. '

5337.533.8 107
A Theory of Secondary Electron Emission from Metals.
-E. M. Baroody. (Phys. Rev., 15th June 1950, Vol. 78,

No. 6, pp. 780-787.) A theory is formulated which is
based on the Sommerfeld free-electron model, momentum
transfer between electrons and lattice being accounted
for by introducing a finite mean free path for elastic
scattering. An inverse relation between emission and
work function is deduced which is in qualitative agree-
ment with experiment. The theory also accounts for the
velocity distribution of the secondary electrons and is
consistent with their observed angular distribution.

337.533.8 108
A Comparison of Theories oi Secondary Emission.-
J. J. Brophy. (Phys. Rev., 1st June 1951, Vol. 82, No. 5,
pp. 757-758.) Comparison of results deduced from the
quantum-mechanical theory of Wooldridge (147 of
1940) and the free-electron theory of Baroody (107 above).
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537.533.8 109

Secondary Emission of Electrons from Liquid Metal
Surfaces.—J. J. Brophy. (Phys. Rev., lst Aug. 1951,
Vol. 83, No. 3, pp. 534-536.) Curves showing the
secondary-emission ratio of Bi, Ga, Pb and Hg as a func-
tion of primary energy were obtained experimentally for
the metal in both the solid and liquid states; the character-
istics for the two states are similar to one another and to
the curves for other pure metals. The observed maximum
values of secondary-emission ratio are compared with
values predicted from theory.

537.533.8 110

The Application of Wooldridge’s Theory of Secondary
Emission.—E. M. Baroody. (Phys. Rev., 15th Aug. 1951,
Vol. 83, No. 4, pp. 857-858.) Conclusions are reached in
general agreement with those of Brophy (108 above).
For Wooldridge's theory see 147 of 1940.

538.123 111

The Analytical Expressions for the Vector Potential of a
Rotationally Symmetrical Magnetic Field.—A. Moussa &
J. Lafoucriére. (C. R. Acad. Sci., Paris, 9th July 1951,
Vol. 233, No. 2, pp. 139-141.)

538.311 : 621.318.423 : 513.647.1 112

The Excitation of a Helical Conductor.—S. IKh. Kogan.
(C. R. Acad. Sci. U.R.S.S., 21st Sept. 1950, Vol. 74,
No. 3, pp. 489-492. In Russian.) It is assumed that a
voltage is applied to an infinitely small element of the
helix at . = 0. The distribution of voltage along the
lhelix is then given by equation (2), and the boundary
condition, taking into account the finite conductivity of
the helix, is given by equation (3). An integral equation
(3b) determining the distribntion of the current is derived
and its solution is reduced to the evaluation of an integral
(top of p. 491). For practical purposes it may be assumed
that only one wave is propagated along the conductor.

538.566 113

Properties of Inhomogeneous Plane Electromagnetic
Waves.—G. Bonfiglioli. (Alta Frequenza, Oct./Dec.
1950, Vol. 19, Nos. 5/6, pp. 259-266.) Discussion of the
propagation of plane-polarized, inhomogeneous waves,
i.e., with electric/magnetic field vectors not constant
along the wavefront, in an isotropic unbounded space.
For any frequency there is an infinite and continuous
series of propagation modes. This result is related to the
theory of propagation in waveguides and to the theory
of total reflection.

GEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA

523.7 114

World-Wide Observations of Solar Activity.—(Tec/.
Bull. nat. Bur. Stand., July 1931, Vol. 35, No. 7, pp.
93-95.) A general account of the National Bureau of
Standards’ system for collecting information about the
various types of solar activity.

523.72 115

Measurements of Solar Extreme Ultraviolet and X-
Rays from Rockets by means of a CaSO,~-Mn Phosphor.
—R. Tousey, K. \Watanabe & J. D. Purcell. (Phys. Rev.,
15th Aug. 1951, Vol. 83, No. 4, pp. 792-797.) Samples of
a CaSO4-Mn phosphor, which was insensitive to wave-
lengths above 1340A, were exposed to sunlight in V2
rockets. Response in the bands 0-8 A, 1050-1340A and
1230-1340A was measured, using Be, LiF and CakF,
filters. X-rays were observed on one flight which reached
128 km, during which a sudden ionospheric disturbance
occurred. Energy at wavelengths between 1050 and
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1340 A was observed at heights down to 8090 km on
all four flights. Values of the total radiation intensity in
two ranges of the solar spectrum are calculated for a
height between 82 and 127 km. The radiation between
795 and 1050 A reaching this region has an intensity well
above that produced by a 6 000°K black-body sun.

523.72 1 621.396.822

Solar Radio-Frequency Emission from Localized
Regions at Very High Temperatures.— J. H. P’iddington
& H. C. Minnett. (Awst. [.sci. Kes., Sev. A, June 1951,
Vol. 4, No. 2, pp. 131 157.) The slowly varying com-
ponent, S, of the solar r.f. radiation is correlated with
sunspot data and degree of circular polarization. It is
suggested that the S component is due to thermal
emission from localized regions at temperatures of about
1077 K, often near sunspots. The radiation from a moclel
hot region is examined in detail; the derived emission
spectrum and polarization characteristics agree reason-
ably with observations. Electrons and protons would
probably  be  emitted thermionically from the hot
regions, would travel to the earth with average velocities
of a few hundred kilometres per second and could form
the slow corpuscular radiation deduced from terrestrial
magnetic ata.

116

523.72 1 621.396.822 117

Solar Noise.—J\!. Nicolet. (Scientia, Feb. & March,
April 1950, Vol. 83, Nos. 34 & 455,456, pp. 37-41 &
71-77. In Irench.) A survey paper; observations on r.{.
waves emitted by the sun are described and discussed in
relation to known solar and terrestrial phenomena. The
noise from the quiet sun originates in the outer regions;
centimetre waves originate in the chromosphere and
metre waves in the corona. When the sun is disturbed,
as indicated by the appearance of sunspots, the noise
level rises. With the variation of solar activity bursts are
superposed on the steady noise level; these are sometimes
extremely intense, being then associated with unusual
phenomena snuch as s.w. fade-outs or cruptions of cosmic
rays consisting of charged particles accelerated by the
electric field induced by the varying magnetic field of the
sunspots. Temperatures of the order of 10" deg. K for the
quict sun and 10" deg. K for the most intense bursts are
indicated.

523746 “1950” 118

Final Relative Sunspot-Numbers for 1950.— M. Wald-
meicr. (. geophys. Res., Sept. 1951, Vol. 56, No. 3, pp.
439- 441

523,746 “1951.04/.06" 119
Provisional Sunspot Numbers for April-June 1951.
M. Waldmeier. (/. geophvs. IRes., Sept. 1951, Vol. 56,
No. 3, p. 445; Z. Met., Sept. 1951, Vol. 5, No. 9, p. 288))

523.854 1 621.396.822 120

Observations of the Source of Radio-Frequency
Radiation in the Constellation of Cygnus.—B. Y. Mills &
A. B. Thomas. (. Adust. J. sci. Res., Ser. I, June 1951,
Vol. 4, No. 2, pp. 158-171.) The position and some of the
properties of this source were determined. Observed
fluctuations in intensity were found to correlate with
activity in the ionosphere I¥ region; there is no evidence
that the emission from the source varies.

H23.854 1 621.396.822 121
A Preliminary Survey of the Radio Stars in the Northern
Hemisphere.—M. Rvle, I". G. Smith & B. Elsmore.
(Mon. Not. R._astr. Soc., 1950, Vol. 110, No. 6, pp. 508
523.) The positions and intensities of 50 discrete sources
of radio waves were measured, using an interferometer of
high resolving power operating on a wavelength of
3-7m. The resnlts indicate that most of these radio

AT0

stars are situated within the galaxy and are distributed
with an average density comparable witl that of visual

stars. They were not identifiable with visual stellar
bodies.
H38.12 122

On the Stability of Magneto-Hydrostatic Fields.—
S. Lundquist. (Phys. Rev., 15th July 1951, Vol. 83, No. 2,
pp- 307-311) The stability of static magnetic ficlds in an
electrically conducting liquid is investigated mathe-
matically; particular attention is given to the case of
twisted cylindrical magnetic fields. Instabilities may be
caused by the twisting when it introduces an increase of
magnetic energy of the same order of magnitude as the
energy of the original field. The discussion is relevant to
theories of the earth’s magnetic field.

538.711 123

Aeromagnetic Survey of Vertical Intensity over the
Sound with Apparatus of the BMZ Type. —A. Lundbak.
(Tellus, May 1951, Vol. 3, No. 2, pp. 69-74.) The mag-
netometric zero balance was suspended in gimbals in an
aircraft {lying over the sea area between Denmark and
Sweden. Comparison with measurements taken on the
ground near the coasts shows that with certain precau-
tions accuracies to within 4 20 gammas can be obtained.

550.38 “1951.01/.03” 124

International Data on Magnetic Disturbances, First
Quarter, 1951.— . Bartels & ). Veldkamp. (]. geophys.
Fes., Sept. 1951, Vol. 56, No. 3, pp. 442-444))

550.38 ““1951.04 .06’ 125

Cheltenham [Maryland] Three-Hour-Range Indices I
for April to June, 1951.— R. R. Bodle. (J. geophrs. Res.,
Sept. 1951, Vol. 36, No. 3, p. 445))

550.3584 126

Variations of the Magnetic Field and Rotation of the
Earth.—N. Stoyko. (C. k. Hcad. Sci., Paris, 2nd July
1951, Vol 233, No. I, pp. 80- 82.) I‘rom a comparison of
recorded data it is concluded that the variation of the
geomagnetic lield may be explained by variation of the
earth’s rotation, and that any rotating body should
possess a magnetic field of which at least a part is due to
the rotation round its axis.

550.3853 127
Principal Magnetic Storms | April-June 19501,—(].
geophys. Res., Sept. 1951, Vol. 56, No. 3, pp. 446 448))

551.510.535 128

The Modes of Formation of the Ionospheric Layers.—
J. M. Piddington. (/. geoplys. Res., Sept. 1951, Vol.
56, No. 3, pp. 409-429.) lonospheric measurements made
during eclipses are analysed and, together with recently
acquired solar data, are used in a re-examination of the
theories of the ionosphere. It is shown that: (a) the
rates of disappearance of electrons in all the principal
layers may be much higher than hitherto believed; if
so, then the number of ionizing quanta needed is also
greatly increased; (b) there is probably a non-solar
source of electron production in region l¢ (and perhaps
region D); it may be the electric currents Howing in the
upper atmosphere which are also manifested by tluctua-
tions in the carth’s magnetic ficeld; (¢) solar ionizing
radiation does not appear to originate (principally) either
throughout the corona or near the photosphere, but in
regions of rapid temperature transition in the chromo-
sphere and lower corona ; excess emission occurs, as has
been shown previously, from regions of disturbance,
often near sunspots; (/) the emission spectrum of these
regions mayv be strong in the quasi-Lyman spectrum of
He 1T and in X rays of wavelength ranging down to about
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34; during tlarcs, X rays of wavelength less than 1A
may be emitted; (¢) the I, and 14, ionospheric layers may
be accounted for if minor modifications of existing theories
are made; the E and D layers may be formed by quanta
of a few hundred and a few thousand electron volts,
respectively, originating in the chromospheric transition
region.

551.510.535 129
A Seli-Consistent Treatment of the Oxygen Dissociation
Region in the Upper Atmosphere.—H. E. Moses & Ta-You
Wu. (Phys. Rev., 1st July 1951, Vol. 83, No. 1, pp. 109-
121.) A theory is suggested according to which the
temperature and the concentrations of oxygen atoms and
molecules at a height of 100-140km can be expressed as
functions of the height from a knowledge of the temper-
ature and its gradient at a certain height. The theory is
illustrated by an actual calculation; the result obtained
differs considerably from those of previous researches.

551.510.535 130

Statistical Nature of the Ionosphere.—Ya. l.. Al'pert &
A. A. Aynberg. (Zh. eksp. teor. Fiz., March 1951, Vol
21, No. 3, pp. 389--400.) The eclectromagnetic ficld of a
single signal reflected from the ionosphere is regarded as
the resultant of the main reflection and a large number of
‘clementary’ signals scattered by the ionosphere irre-
gularities. The variations of the latter signals are of a
random naturc and they characterize the degree of
irregularity of the reflecting layer. Formulae are derived
for determining the displacement velocity of the irre-
gularities and the ratio of the cnergy of the main
reflection to that of the scattered reflections. Results of
experiments are given showing that reflection from the
I°, layer is nearly always of this statistical character.

551.510.535 131

Comments concerning the Paper ‘Fine Structure of the
Lower Ionosphere’, by R. A. Helliwell, A. J. Mallinckrodt,
and F. W. Kruse, Jr.—R. J. Nertney. (/. geophys. Res.,
Sept. 1951, Vol. 56, No. 3, pp. 449-451.) Irom the
results of an extensive series of group-height, absorption,
polarization, and phase-height measurcments on a fre-
quency of 150 ke/s, a model of the lower ionosphere has
been developed which appears to satisfy the theoretical
and experimental results on a diurnal and seasonal basis
at this frequency. Another interpretation is suggested
for the two apparent ‘reflection’ heights noted by Helli-
well et al. (1898 of 1951).

551.510.535 132

The D-Layer of the Ionosphere.—A. 1. Mitra. (/.
geophys. Res., Sept. 1931, Vol. 56, No. 3, pp. 373-402.)
\ résumé is given of the present state of knowledge of
the D region, both theorctical and experimental work
being summarized. New theoretical studies of the forma-
tion and structure of the D region are made, based on
contemporary knowledge. 1t is assumed that the D region
is produced by ionization of O, at the first ionization
potential. The densities of electrons and ions are cal-
culated for various heights, taking account of the varia-
tion of atmospheric temperature and recombination
coefficient with height. The distribution does not follow
a Chapman law, the electron density increasing con-
tinuously with height, although the ion density has a
maximum value at nearly the same height as the rate of
ion production, as in the Chapman distribution. The
variation of height of the reflecting layer with solar
zenith angle for long and very long waves is explained, and
satisfactory agreement is obtained between experimental
measurements of reflection coefficient at low frequencies
and values derived from the theory.
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551.510.535 133

A Note on Certain Characteristics of the Normal E-
Layer.—C. H. Grace. (/. geophys. Res., Sept. 1951, Vol.
56, No. 3, pp. 452-454.) A method due to Kelso was used
in converting E-region equivalent heights, measured at
Pennsylvania State College, to true heights. The truc
height of maximum ionization, h,, was found not to
follow Chapman theory except for an hour after sunrise
and an hour before sunset. During most of the day &,
was relatively constant at about 115-120km. For a
period centred on noon, the effective recombination
coefficient varies with height, in the range 108-120km,
in a manner suggestive of pressure dependence.

551.510.535 1 523.75 134

Ionospheric Effects of Solar Flares. M. A. Ellison.
(Mon. Not. R. astr. Soc., 1950, Vol. 110, No. 6, p. 626.)
Summary of paper in Publications of the Roval Observ-
atorv, Edinburgh, 1950, Vol. 1, No. 4. IFive types of
sudlden ionospheric disturbances, noted during 1949 from
continuous radio and magnetic records, were studied in
relation to flare outbursts as seen simultaneously by Ha
light in the spectrohelioscope. The effects on the D-layer
are confined to the illuminated hemisphere and are
independent of the location of the flare on the sun’s disk,
showing the operative radiation to be ultraviolet light.
The flares may accelerate cosmic-ray particles and these
may contribute to the ionization towards the end of the
disturbances.

5351.510.535 : 621.396.11 135
Lateral Deflection of the Ray on Reflection at an °
Inhomogeneous Ionosphere Layer. Rawer. (See 244

551.510.535 1 621.396.11.029.51 136
Effects of Ionosphere Disturbances on Low Frequency
Propagation.——\Watts & Brown. (See 246.)

551.510.535 ; 621.396.11.029.51 137

A Method for Obtaining the Wave Solutions of Iono-
spherically Reflected Long Waves, including all Variables
and their Height Variation.——]. J. Gibbons & R. ].
Nertney. (/. geophys. Res., Sept. 19531, Vol. 56, No. 3,
pp. 355-371.) A method of solution is given for the one-
dimensional wave equation =”/n k. e€*(x) which
arises in the application of wave theory to the study of
the ionosphere. The method is applied to the problem
of reflection from the 1 layer at 150kc/s, Chapman
distributions with various maximum electron densities
being assumed. A brief comparison with experimental
observations indicates that the calculated absorption is
too low. This supports the theory of a D region below
the E layer. The phase heights are fairly consistent with
measured group heights, the sense of the difference agree-
ing with ionospheric dispersion theory.

LOCATION AND AIDS TO NAVIGATION

621.396.93 138
Radio Direction-Finding from the Morphological View-
point.—\W. Stanner. (Elekiron Wiss. Tech., May 1951,
Vol. 5, No. 3, pp. 135~176.) A comprehensive review of
the subject dealing with (a) arrangements for directional
reception of medium, long and ultra-short waves, (b)
arrangements for directional transmission, (¢) the consol
system, (d) various methods of distance measurements,
(¢) radar equipment, (f) anti-radar methods, (g) geo-
physical and astrophysical problems of radio d.f.

621.396.93 139

‘Telegon’ Direction Finder. \W. Runge, M. Strohhacker
& A. Troost. (Telefunken Ztg, June 1951, Vol. 24, No.
91, pp. 75-81.) Description of Telefunken equipment for

AT



ships, with a wavelength range of 55 1330m. Circular
crosscd coils, 110 cm in diameter, together with a vertical
rod 2-6 m long and coincident with the cominon diameter
of the coils, constitute the aerial system. The special
features of the Type-E374N receiver are described and a
simplified circuit diagram is given. The total frequency
range is covered in four ranges with adequate overlap.
For an account of the goniometer used see 140 below
(Troost & Jankovsky).

621.396.93 140

Recent Goniometer Developments. —A. Troust & R.
Jankovsky. (Telefunken Ztg, June 1951, Vol. 24, No. 91,
pp- 81 -85.) Ilmprovements in goniometer design resulting
from the use of iron-cored rotors, iron rings and shields
are reviewed and a description is given of the goniometer
used in the Telegon receiver Type 12374N (139 above)
This is of the iron-shielded type with a high u rotor core
which gives the requisite inductance of the windings with
a relatively small number of turns. The residual bearing
error is << 0-15°. Methods of test are outlined.

621.396.93.029.62 141
Ultra-Short-Wave Direction-Finding Installation PV-
1B (Direction-Finding Installation at Kloten Airport).
W. Schoeberlein. (Bull. schweiz. elekivolech. Ver., Tth
April 1951, Vol. 42, No. 7, pp. 226-232. In German.)
Outline of the principles of operation and features of the
single-receiver automatic system in operation since 1949
[see 1078 of 1949 (Cleaver)]. Sources of error in the
Adcock fixed-aerial system are brietly discussed. Remote
indication introduces an error of not more than iv,.

621.396.93.088 142

Polarization Errors of Radio Direction-Finders, a
Proposed Classitication.—1>. G. llansel. (Proc. [lnst
Radio I“ngrs, Aug. 1951, Vol. 39, No. 8, p. Y70.) ‘Primary
instrumental polarization errors’ are defined to be those
which arise when the response of the aerial system to an
‘unwanted’ primary component of the received wave is
large. ‘Secondary polarization errors’ are those which
arise¢ when the aerial does not respond to the primary
‘unwanted’ component but takes a bearing on re-radiated
waves polarized in the ‘wanted’ direction.

621.396.93.089.6 143

The Calibration of Aircraft Direction-Finders with
Particular Reference to Site Selection.- J. !l. Moon.
(Marconi Rev., 3rd Quarter 1951, Vol. 15, No. 102, pp.
101-112)) Experiments are cescribed which show that
radio waves are refracted as they pass over reinforced-
concrete runways. Errors were observed on a loop direc-
tion finder at frequencies between 200 and 700 ke s, with
waves incident horizontally at an angle of 50 to the line
of the runway. The maximum error was about 6 at the
edge of the ranway and 1-5° at a distance of 100 ft from it.

621.396.933 144

A Straight-Line-Flight Indicator for the Pilot of a
Radar-Equipped Aircraft.—R. C. Richardson. (.fust.
J-appl. Sci., June 1951, Vol. 2, No. 2, pp. 223 234) An
attachment to shoran airborne equipment to assist the
pilot in flying along any predetermined straight-line
path. Ranges from the ground beacons are transmitted
mechanically from the shoran oscillograph to the aircraft
equipment, where they are used to set the position of a
probe moving parallel to a glass plate coated with a thin
layer of metal through which lines are engraved which
represent the desired flight paths. Divergence of the
flight from one of these lines is indicated to the pilot by a
centre-zero meter. In trials the pilot was able to control
the aircraft so that its average departure from a straight-
tine path was about |- 0-02 mile.

Al2

$21.396.933 145

Modern Radar Landing Systems.—M. Sollima. (H /-,
Brussels, 1951, No. 10, pp. 270-286.) The principles and
practice of G.C.A. are described and exemplified by the
C.IT.H. installation at Melsbroeck-lez-Bruxelles airport.
T'his uses a precision radar equipment working on a fre-
quency of 9373 Mc/s with a peak power of 35 k\W. The
acrials give a horizontal beam 3-5° wide and 0-6° deep for
determination of angular elevation, and a vertical heam
of width 0-6" and depth 2° for determination of bearing,
the energy in secondary lobes being less than 3¢, of that
in the principal lobe. The construction of the variable-
width waveguides to secure fine scanning is described,
together with ancillary apparatus.

621.396.0933 146

Blind-Landing System Type A. B.—A. Moisson.
(Rev. tech. Comp. frang. Thowmson-Iouston, April 1951,
No. I3, pp. 5 18)) A detailed description of the equip-
ment. Sec also 145 above (Sollima).

621.396.932/.933.24 147

Radio Beacon ‘Sol’.—M. Borondo. (Rev. Telecomuni-
cacién, Madrid, Dec. 1950, Vol. 6, No. 22, pp. 23-25.
Short description and theory of the consol system. Sec
also 2912 of 1946 (Clegg) and 2252 of 1948 (Jessell).

MATERIALS AND SUBSIDIARY TECHNIQUES

535.215 1 546.431-31 148

Optical Absorption and Photoconductivity in Barium
Oxide.—\. W. Tvler & R. I.. Sproull. (Phys. Reuv., lst
Aug. 1951, Vol. 83, No. 3, pp. 548-555.) ‘‘Measurements.
of the optical absorption and photoconductivity in 3a0
single crystals arc reported. The threshold photon
encrgy lor both processes is 3-8 eV, and the absorption
constant at higher energies is at least 10 cm~!. .\ second
increase in the absorption constant begins at about
4:¥eV and is not accompanied by photoconductivity.
The observed dependence of photoconductivity on
temperature and electric field strength indicates space
charge etfects in limiting current How. The onset of
absorption at 3-8 e\ is thought to be due to the produc-
tion of excitons, with the accompanying photo-
conductivity due to thermal dissociation of excitons or
exciton ionization of impurity centers.

535.215 1 546.431-31 149

Photoconductivity and Photoelectric Emission of
Barium Oxide.— . B. DeVore & ]J. \W. Dewdney. (Pyvs.
Rev., 15th Aug. 1951, Vol. 83, No. 4, pp. 805-811)
Measurements were made on sprayed coatings of BaO
on Ni. The variation of the characteristics with tem-
perature and during activation is shown in diagrams.
The results are discussed with reference to energy levels.

H535.215 4 H35.37] 1 He6.472.21 150

A Comparative Study of Photoconductivity and Lumin~
escence.—HR. . Bube. (Phvs. Rev., 15th Julv 1951,
Vol. 83, No. 2, pp. 393 396.) Measurements are reported
of the luminescence and photoconductivity of ZnS as
functions of (a) operating temperature during excitation,
(b) time, and (¢) temperature during thermostimulation.

The results are discussed; they indicate different
mechanisms for the two processes.
535.215 4 535.37] : H46.482.21 151

Electron Mobility and Luminescence Efficiency in
Cadmium Sulfide.—I.. Gildart & A. W. Ewald. (Phvs.
Rtev., 15th July 1951, Vol. 83, No. 2, pp. 359-363.)

535.37 152

Electron Penetration and Scattering in Phosphors,
L. R. Koller & 1. D. Alden. (Phvs. Rev., 1st Aug. 1951,
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Vol. 83, No. 3, pp. 684--685.) ZnS films ranging in thick-
ness from 0-1 to 0-45u were deposited on glass and were
irradiated at a constant current density of 0-8 pA/cm2
The luminescence brightness was measured asa function
of exciting beam voltage, using a photomultiplier with
c.r. tube display. The results show that nearly 90% of
the beam energy is lost in a distance of half the range
of the clectrons.

335.37 153

Properties of a CaS0,-Mn Phosphor under Vacuum
Ultraviolet Excitation.—K. Watanabe. (Phys. Rev.,
15th Aug. 1951, Vol. 83, No. 4, pp. 785~-791.) An
investigation of the long-period phosphorescence excited
by wavelengths below 1350A.

535.37 : 537.39 : 546.281.26 154

Injected Light Emission of Silicon-Carbide Crystals.—
K. Lehovec, C. A. Accardo & E. Jamgochian. (Phys.
Rev., 1st Aug. 1951, Vol. 83, No. 3, pp. 603-607.) The
yellow light emitted by certain SiC crystals was investi-
gated as a function of temperature and of current through
the crystal. The light intensity varies approximately
linearly with current, and experiments under pulsed
conditions indicate good h.f. response. The emission
spectrum changes considerably with temperature but
only slightly with current density. 7The mechanism
of the light emission is discussed and attributed to the
recombination of carriers injected through p-»
boundaries. This process is contrasted with emission
from phosphors under bombardment.

537.226 155

The Origin of Ferroelectricity. -G. A. Smolenski &
N. V. Kozhevnikova. (C. R. Acad. Sci. U.R.S.S., lst
Feb. 1951, Vol. 76, No. 4, pp. 519-522. In Russian.)
The deciding factor for the appearance of ferroelectricity
is a certain mutual disposition of oxygen octahedra in
the crystal. A table of all known substances which
exhibit this effect and of substances in which this effect
can be expected at certain temperatures is included.

537.226 156
Domain-Boundary Motion in Ferroelectric Crystals and

the Dielectric Constant at High Frequency.—C. Kittel.

(Phys. Rev., 15th July 1951, Vol. 83, No. 2, p. 458.)

537.226.1 : 546.431-31 157

The Dielectric Constant of Barium Oxide. R. S.
Bever & R. L. Sproull. (Phys. Rev., 15th Aug. 1951,
Vol. 83, No. 4, pp. 801-805.) Measurements were made
on BaO crystals for the frequency range 60 c/s—-60 Mc/s
and temperature range —25° to + 60°C. The value
found for the dielectric constant in these ranges was
about 34, rising at the lowest frequencies.

537.311.33 158

Volume Rectification in Zincite.—S. R. Khastgir,
S. K. R. Tolpadi & S. C. Mitra. (Nature, Lond., 28th
July 1951, Vol. 168, No. 4265, pp. 162-163.) Experi-
ments are reported which indicate that the rectification
in zincite depends on the volume and not on the area in
contact with the electrodes. A theoretical explanation
based on the crystal structure is given.

537.311.33 159

Semiconductors.— R. L. Ortueta & E. Y. Garrido.
(Rev. Telecomunicacion, Madrid, Dec. 1950, Vol. 6, No.
22, pp. 12-22) A concise account of the properties of
semiconductors, with theory based on energy-level bands.
A table and diagrams give the physical constants and
rectification characteristics of Ge.
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337.311.33 160

The Electrical Conductivity of Simple p-Type Semi-
conductors.—A. lLempicki. (/’roc. phys. Soc., 1st June
1951, Vol. 64, No. 378\, pp. 389-590.) An analysis
is outlined which establishes a complete analogy
between electron and hole conduction. In both cases
conductivity passes through a maximum with increasing
temperature.

337.311.33 161

A Study of Thermoelectric Effects at the Surfaces of
Transistor Materials.— ). \W. Granville & C. A. Hogarth.
(Proc. phys. Soc., 1st June 1951, Vol. 64, No. 378B, pp.
488-494.) The surfaces of various specimens of Ge and
PbS have been explored with a whisker contact, and the
character of the conduction mechanism in relatively small
regions has been examined by the polarity of (@) the photo-
voltaic effect, (b) the rectification, and (¢} the thermo
electric effect. Methods (a) and (b) give results character-
istic of the bulk material as determined by Hall effect
measurements, whereas method (¢) only gives results
consistent with (a) and (b) for uncontaminated cleaved
surfaces or for surfaces which have bheen etched after
polishing. For polished surfaces anomalous effects are
obtained and point to the existence of a laver on the
surface of character different from that of the bulk
semiconductor.

537.311.33 : 538.221 162

On the Dispersion of Resistivity and Dielectric Constant
of Some Semiconductors at Audiofrequencies.—C. G.
Koops. (Phys. Rev., 1st July 1951, Vol. 83, No. 1, pp.
121--124.) Semiconducting Ni/Zn ferrites were investi-
gated. A simple model, comprising highly conductive
grains separated by layers of lower conductivity, is
proposed to explain the dispersion of a.c. resistivity and
apparent dielectric constant. Dispersion formulae are
given. The theory is supported by experimental results.

537.311.33 : 546.289 163

The Effect of Fast Neutron Bombardment on the
Electrical Properties of Germanium.—J. W. Cleland, J. H.
Crawford, Jr, K. Lark-Horovitz, J. C. Pigg & F. W.
Young, Jr. (Phys. Rev., 15th July 1951, Vol. 83, No. 2,
pp- 312-319.) The effect of lattice disorders introduced
by bombardment is discussed from the theoretical stand-
point, and measurements are reported. For n-type Ge,
the conductivity under bombardment first decreases and
then increases; on passage through the minimum the
material is converted to p-type. The conductivity of
p-type material increases under bombardment, tending
towards a saturation value. Figures are quoted for the
rate per neutron of carrier removal and introduction in
n- and p-type Ge respectively. Related temperature
effects are described. A footnote mentions that for both
n- and p-type Si, bombardment produces only a decrease
of conductivity.

537.311.33 : 546.289 164

Observations of Zener Current in Germanium p-n
Junctions.—K. B. McAfee, E. ]J. Ryder, W. Shockley &
M. Sparks. (Phys. Rev., 1st Aug. 1951, Vol. 83, No. 3,
pp. 630-651.) Junctions in a Ge single crystal were
examined using As as the donor impurity and Ga as the
acceptor. The reverse I/V characteristic was measured
over a 5-decade range of current, and the critical voltage
gradient across the junction was studied by observing the
variation of capacitance of the junction with reverse
voltage. \While the slope of the characteristic in the high-
current part of the range agrees well with theory, the
critical voltage-gradient predicted is about three times
the measured value



537.312.6 : 621.315.5921 165

Investigation of Semiconductors at High Temperatures.
Refractory Thermistors,.— N'Guven Thien-Chi & .
Suchet. (.dnn. Radioélect., April 1931, Vol. 6, No. 24,
pp. 99-105.) The materials investigated included the
normal refractory oxides, MgO, SiO,, ZrO,, etc., and
mixtures of these with such metals as Ni, Co, I'e, etc., and
the semiconducting oxides of Zn, Ti, la and V. The work
has resulted in the commercial production of a wide
range of stable, robust thermistors for use at 250 300 C,
possessing high temperature coeflicients (5-3%, C), and
of refractory thermistors operating up to 1 100°C, giving
much better control than is obtainable with thermo-
couples or the usual resistive probes.

537.312.8 1 546,259 166
The Magnetoresistance Eftect in Oriented Single
Crystals of Germanium.—G. I[.. Pearson & H. Suhl

(Phys. Rev., 15th Aug. 1951, Vol. 83, No. 4, pp. 768-776.)
An extensive experimental study of the eftect as a function
of the orientation of magnetic field and electric current
relative to the crvstal axes. ""The measurements are
internally consistent with existing phenomenological
theory based on cubic crystal symmetry, in which terms
involving the magnetic field to higher than the second
order are neglected. It is shown that such deviations as
do occur arise from higher terms in the lield, since an
extension of the phenomenological theory to the fourth
order predicts their symmetry. Relations are established
between the experimentally observed phenomenological
constants and those constants appearing in existing
magnetoresistance electronic theories

588.224 167

On Ferromagnetic States.—J. Giltay. (.Ippl. sci. Res.,
1951, Vol. B2, No. 3, pp. 199 216.) Reprint. See 126 of
1951

538.221 168

Structure and Properties of Ferrites.— 1. ;. Brockman
(Elect. Engng, N.Y., June 1951, Vol. 70, No. 6, pp. 489
494.) 1951 ALLELE. Winter General Meeting paper
Advances in the understanding of lerromagnetic ferrites
subsequent to those reported in 660 of 1950 are reviewed
particular attention is paid to Néel's theory.

538.221 : [534.321.9: 534.373 169

The Influence of Magnetization on Ultrasonic Atten-
uation in a Single Crystal of Nickel or Iron-Silicon.
S. Levy & R. Truell. (Phys. Rev., Ist Aug. 1951, Vol. 83,
No. 3, pp. 665 669.) Report of measurements made
using ultrasonic beams of frequency 5 50 Mc's, with
constant magnetic fields, of intensities ranging from zero
to saturating ficld, applied both perpendicular and parallel
to the beam direction. At saturation the beam attenuation
is low and constant over the Irequency range.

538.632 : 621.315.592% 170
Resistivity and Hall Constant of Semiconductors.
C. N. Klahr. (Phys. Rev., 15th July 1931, Vol. 83, No. 2

p. 460.) Correction to paper noted in 2206 of 1951

539.23 : 546.26 : 537.311.32 171

The Conductivity of Thin Carbon Films..—A. Blanc-
lLapierre, M. Perrot & N. Nifontotfl. (C. K. Acad. Sci.,
Paris, 9th July 1951, Vol. 233, No. 2, pp. 141-143.) Non-
linear films of resistance 1-50 MQ have been found by
Perrot & Lavergne to have different resistance properties
over diticrent ranges of values of applied voltage. An
experimental investigation of carbon films of resistance
< 0-3 MQ is reported here which extends the range of
the earlier findings. Voltages of 1-40\ were used.
Results are shown as families of log R'log T curves;
formulae for the various ranges are developed and values
derived for various parameters are tabulated.

o

339.23 1 546.59 172

Influence of the Support on the Crystallization of Very
Thin Gold Films. —\. Colombani & G. Ranc. (C. R. Acad.
Sci., Paris, 2nd July 1931, Vol. 233, No. I, pp. 46-48.)
Continuation of experimental investigation noted in
2739 of 1951. Support materials studied include KC1,
KBr, NaNO,, NaC(l, rhodoid, plexiglas, glass.

546.431.824 173

The Lorentz Correction in Hexagonal Barium Titanate.
—J. R. Tessman. (FPhys. Rev., 1st Aug. 1951, Vol. 83,
No. 3, pp. 677-678.) An explanation based on the struc-
ture is advanced for the experimentally obscrved absence
of ferroelectricity in the hexagonal modification of
BaTiO,. See also 2188 of 1950 (Slater).

54852 ¢ 5406.431-31 174
Growth and Manipulation of Barium Oxide Crystals.
R. L. Sproull, W. C. Dash, \V. W. Tvler & \. R. Moore.
(Rev. sci. Instrum., June 1951, Vol. 22, No. 6, pp. 4+10-

414)

54951451 1 621.396.611.21.002.2 175

Manufacture of Quartz Piezoelectric Crystals. -C.
IPloréz. (RRev. Telecomunicacion, Madrid, June 1951, Vol.
6, No. 24, pp. 3-22.} \ detailed account of all processes
from the initial examination of the raw material and
determination of the optic axis up to the deposition of
electrode material on the faces of crystal plates and their
subsequent mounting.

620.197 176
Some Principles and Practices in Tropicalisation.—
G. A. Durrance, W. J. D. Harrison & R. T. Lovelock.
(G.E.C. Telecommun., 1949, Vol. 4, No. 1, pp. 23-32)
An account of the adverse eftects of various climatic
conditions on telecommunications apparatus and of the
means of overcoming them by impregnation, metal coat
ing, the use of scaled components, etc. The importance
of suitable mechanical design is stressed.
6$21.315.61 177
Dielectric Properties of Insulators.—K. \\W. \Vagner.
( Alta Frequenza, Feb. & April 1951, Vol. 20, Nos. 1 & 2,
pp. 3-27 & 68-79.) Theorics regarding the relation of the
diclectric properties to the structure of the material are
reviewed. The influence of temperature and humidity is
examined. The effects of drying and impregnation on
paper are investigated

666.1.037 178

A Method of Sealing Sapphire to Glass. Il. Rawson.
(J. sci. Instrum., July 1951, Vol. 28, No. 7, pp. 208 209,
A modification of the method given in 179 below is
described, using h.f. induction heating.

666.1.037 : 621.383 179

A Method of Sealing Sapphire to Glass and its Applica-
tion to Infra-red Photocells.--R. P>. Chasmar, ]. L.
Craston, G. Isaacs & A. S. Young. (J. sci. Instrum.
July 1951, Vol. 28, No. 7, pp. 206-207.) The requirements
of window materials for PbTe cells are discussed; arti-
ficially grown sapphire is both suitable and readily
available. In the sealing method described the glass is
heated to a high temperature so that it wets the sapphire.

180
[BBook Review] M. Leblanc.
Publishers: Armand Colin, 188 pp. (Bull. Soc. frang.
Elect., May 1951, Vol. I, No. 5, p. 252.}) . . . this little
treatise will be useful to all those . . . who are interested
in vacuum technology

533.5
La Technique du Vide.
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621.315.616 : 058.2 181

Modern Plastics Encyclopedia and Engineer’s Hand-
book, 1951. [Book Notice]—Publishers: Plastics Catalogue
Corporation, New York, 15th edn, 636 pp. A record of
developments in plastic materials, machinery, engineer-
ing, techniques and applications, with a special section,
‘Plastics in Defense’, giving information on applications
of plastics by the U.S. Services and related government
bureaux and on the location of the relevant government
offices. The directory section lists all U.S. manufacturers
of plastic materials, machinery and equipment.

MATHEMATICS

51:5637.315.6 182

Mathematical Tools for the Solution of Problems of the
Distribution of Potential.——]. J. R. Moral. (Rev. Tele-
comunicacion, Madrid, june 1951, Vol. 6, No. 24, pp.
38-41.) In many cases such problems are most con-
veniently dealt with in cylindrical or spherical co-
ordinates. Laplace’s equation is transformed to spherical
coordinates and a solution is obtained in terms of Legendre
functions.

512.831:621.392.5 183
Transformation of the Quadripole-Network Matrix to
the Diagonal Form.—Schulz. (See 68.)

681.142 184

The New Universal Digital Computing Machine at the
University of Manchester.— 1. Kilburn. (Nature, Lond.,
21st july 1951, Vol. 168, No. 4264, pp. 95-96.) Detailed
description of a machine recently put into service,
incorporating improvements over the experimental model
described in 133 of 1950.

MEASUREMENTS AND TEST GEAR

537.54 : 621.396.822

Gaseous Discharge Super-High-Frequency Noise
Sources.—H. Johnson & K. R. Deremer. (Proc. Ins!.
Radio Emngrs, Aug. 1951, Vol. 39, No. 8, pp. 908-914))
The positive column of a discharge in argon provides a
standard noise source at microwave frequencies, the
noise temperature being about 15-5db above 290°K.
The discharge tube is inserted diagonally across a wave-
guide, a good termination being obtained without using
tuned elements. Performance data are given for the
frequency band 2-6-26 kMc/s; the effects of varying the
discharge parameters are discussed.

185

621.3.011.2(083.74) : 621.315.212 186

Coaxial Impedance Standards.—R. A. Kempf. (Bell
Syst. tech. J., July 1951, Vol. 30, No. 3, pp. 689-7035.)
"“The calibrations of bridge networks used in develop-
mental tests on coaxial cable are obtained by comparison
of the networks with calculable standards of impedance
consisting of a group of short-length precision copper
coaxial lines. The standards are calculable by reason of
the availability of precise formulae relating the distrib-
uted primary constants to the measurable physical
constants and dimensions of the coaxials. This paper
outlines the constructional problems and design features
of a group of such standards of impedance which provide
a range of values over a broad band of frequencies.”

621.317.3 : 621.314.6 187

Measurement of the Temperature Dependence of the
Voltage Drop and of the Backward Current in Dry
Rectifiers. Measurement Methods and Apparatus.—
K. Maier. (Arch. tech. Messen, June 1951, No. 185,
pp. T71-T72.) Measurements of the static characteristic
are carried out with direct voltage, but most other
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measurements with pulsed steady direct voltage. A
method for the simultaneous measurement of the dynamic
forward and backward currents is described.

621.317.3 : [621.396.615.029.3 + 534.232 188

The Generation of Audio-Frequency Voltages for
Measurement Purposes.—O. Schmid. (Funk u. Ton,
March 1951, Vol. 5, No. 3, pp. 133-142.) General
description of the principles of different types of tone
source, including electromechanical devices and parti-
cularly self-excited oscillators. Basic circuits are shown
for the RC-, glow-discharge-tube- and heterodyne-type
generators; their features and advantages are discussed.
IFor high precision, tuning-fork or quartz generators are
required.

621.317.3 : 621.396.822 189

The Measurement of Fluctuation Noise by Diode and
Anode-Bend Voltmeters.—R. E. Burgess. (Proc. phvs.
Soc., Ist June 1951, Vol. 64, No. 378B, pp. 508-318.)
““The response of a diode voltmeter to a c.w. sine-wave
signal and to noise is analysed for three typical diode
characteristics:  discontinuous linear, discontinuous
parabolic and exponential. In thefirst type the indication
is proportional to the r.m.s. value of the input voltage but
the constant of proportionality is different for noise and
for c.w. and depends upon the ratio of the load resistance
to diode resistance. I‘or small input signals the curvature
of the diode characteristic is important and the volt-
meter tends to a square-law behaviour with the result
that c.w., noise or a mixture of c.w. and noise can all be
measured in terms of a single calibration. The input
conductance of a diode voltmeter is in general greater for
noise than for c.w. It can be very much greater in prac-
tical conditions and this represents a possible source of
error in the measurement of noise. The response of the
anode-bend voltmeter to c.w. and to noise is consicdered
for a discontinuous parabolic and for an exponential
characteristic. The departure of the c.w. calibration from
a square law and the difference between c.w. and noise
calibrations are evaluated in terms of the characteristics.”

621.317.318.087 : 621.395.625.3 190

Magnetic-Tape Recording of Electrostatic Field
Changes.—N. D. Clarence & D. J. Malan. (Proc. phys.
Soc., Ist June 1951, Vol. 64, No. 378B, p. 529.) Brief
description of a method of photographic recording which
reduces film consumption.

621.317.335.3.087.41 191

Automatic Measurement Computation and Recording
of Dielectric Constant and Loss Factor against Temper-
ature.—E. B. Baker. (Rev. sci. Instrum., June 1951,
Vol. 22, No. 6, pp. 376-383.) The terms ¢ and ¢” are
recorded as a function of temperature from — 23°C to
+ 150°C, at given frequencies between 50 ¢/s and 600
kc/s, for solids in the form of thin disks. A modified
Schering bridge is used; circuit details are given of the
associated equipment.

621.317.337.029.64% 192

Detection of Small Variations in the Quality Factor of
a Cavity Resonator..-R. Malvano & M. Panetti. (Alta
FFrequenza, Oct./Dec. 1950, Vol. 19, Nos. 5/6, pp. 231
243.) Description and analysis of a dynamic method in
which a f.m. signal is applied to the cavity input. A
crystal detector circuit in the output is used to measure
the relative variations in output voltage. These are
proportional to AQ/Q. [Irrors introduced by the
generator and detector are negligible. An example is
given of the application of the method in investigation of
the absorption spectra of paramagnetic substances.




621.317.35 193

Harmonic Analysis of a Distorted Oscillation after
Amplitude Limiting.—M. Kolscher.  (.lreh. elekt.
Ubertragung, June 1951, Vol. 5, No. 6, pp. 293 299.)
In f.m. oscillations, distortion can be reduced by ampli-
tude limiting. lor the case of a sinusoidal interfering
oscillation, this etfect has hitherto only been investigated
theoretically under particular assumptions concerning the
frequency ratio and amplitude ratio of the main and
interfering oscillations, and the shape of the limiter
characteristic. The dependence of the results on the
frequency ratio is here made clear and a new method of
analysis is developed which is applicable for all amplitude
ratios and characteristics. Numerical calculations for a
typical case show what limiter characteristics give the
best interference elimination, and what characteristics
can be used without the interference becoming appreci-
ably greater.

621.317.42 : 621.383.27¢ 194
Investigation of the Conditions for Use of Kubetski’s

‘Mosaic’ Multiplier as an Indicator of the Magnetic Field.
IKrasnogorskaya. (See 248.)

621.317.42 : 621.385.833 195

Inductance Method for studying the Field Pattern on
the Axis of a High-Power Magnetic Electron Lens.—
C. Fert & P. Gautier. (C. R. .lcad. Sci., Paris, 9th
fuly 19510, Vol. 233, No. 2, pp. 18 150.)

621.317.43 196

Measurements on Coils with Iron Cores at Frequencies
between 1l¢js and 1Mcjs.—H. Wilde. (Adwch. tech.
Messen, April 1951, No. 183, pp. T39-140.) Three factors
of which account should be taken are hysteresis, magnetic
after-effect and eddy currents. Iiffective means described
for determining these are respectively: permeability
measurement at very low frequencies using a type of
mutual-inductance bridge to eliminate the ettect of copper
losses; extrapolation to zevo field strength of the induct-
ance characteristic measured by a Maxwell-\Wien bridge;
a similar procedure carried out at high frequency using
a capacitance-tuned resonance bridge or one with a
folded-slide-wire balancing element.

621.317.44 197
Principles of the Design of Pulse-Transformer Lamina-
tions: Pulse Hysteresis Meter.—I>. Bouvier & B. Daugny
Rev. tech. Comp. frang. Thomson- Houston, April 1951,
No. 15, pp. 31-67.) A hysteresis meter is described for
use in investigating the properties of magnetic cores
under operating conditions such as obtain in the pulse
transformers used in radar equipment. It consists of a
modulating unit of peak power 1 M\ producing a 0-5-
us pulse across the terminals of a winding on the core
tested, and a measurement unit enabling the shape of the
voltage pulse, the magnetic field, the magnetic induction
and the hysteresis loop to be obtained

621.317.7 198

Sensitivity of Electrical Measurement Apparatus and its
Enhancement. —1I°. Moeller. (Arch. tech. Messen, June
1951, No. 185, p. T68.)

621.317.7 : 537.312.6 : 621.315.592¢t 199

The Use of Thermistors for Temperature Compensation
in Precision Measurement Apparatus.—N’'Guyen Thien-
Chi & J. Suchet. (Ann. Radiodlect., April 1951, Vol. 6
No. 24, pp. 106-108.) The increase of resistance with
temperature of the copper coils of eclectrical measuring
apparatus may be compensated by the use in series, or
in parallel, of thermistors possessing negative temperature
coefficients.

\.16

621.317.7 1 621.396.619.2 200

A New Modulation Meter.—t. Miller. (7elefunken
Ztg, March 1951, Vol. 24, No. 90, pp. 85 60.) A meter
is described suitable for monitoring the modulation of
broadcasting transmitters and magnetic-tape, disk or
sound-film equipment. The amplitude range is — 435 db
to + 5db, with an approximately uniform logarithmic
scale, and the frequency range is 40 15000¢s. A
separate indicating instrument is provided in addition to
that in the apparatus. Calibration at 0, 1 and 1009
modulation is eftected by stabilized voltages derived from
the supply unit.

621.317.7.085.34 : 621.383 201

Some Points in the Design of Optical Levers and
Amplifiers.—R. V. Jones. (Proc. phys. Soc., 1lst June
1951, Vol. 64, No. 37813, pp. 469 482.) Sources of
instability in optical levers using photoelectric amplifiers
are discussed, and the design of a high-precision instru-
ment is described.

621.317.7.088.6 202

Compensation of A.C. Instruments for Variations in
Frequency.—J. H. Miller. (Elect. Engng, N.Y., June
1951, Vol. 70, No. 6, pp. 494-497.) 1951 A.l.E.EE. Winter
General Meeting paper. A general solution is presented
for compensation over the frequency range up to 5 kc/s;
the series resistance of the meter is shunted by a capacitor
whose value is rigorously calculated.

621.317.727.088 203

Leakage, Stray Capacitance and Inductance in Potentio-
meter Comparison Measurements with Direct and
Alternating Currents.—]. H. Gosselin. (/tev. gén. Flect.,
June 1951, Vol. 60, No. 6, pp. 244-253.) The etfects of
insulation faults in d.c. potentiometers are examined;
these arise notably in the auxiliary circuit connections,
and can be reduced by suitably locating the galvano-
meter and switch. In a.c. potentiometers, stray capaci-
tance gives rise to leakage currents in quadrature with
intercircuit voltages, and inductance eftects due to
ambient magnetic fields are also significant. Compensa-
tion methods are described for reducing relative errors
due to these effects to the order of 105

621.317.733 : 621.317.382 204
A Self-Balancing Microwave Power Measuring Bridge.
L. A. Rosenthal & J. L. Potter. (Proc. Inst. Radio
Engrs, A\ug. 1951, Vol. 39, No. 8, pp. 927-931.) 1950
TU.R.S.1.—-1.R.IE. Mecting paper. ‘“The basic techniques
of microwave power measurement are discussed, together
with principles of seli-balancing bridges for that appli-
cation. A\ method of measuring the power change by
means of a nonlinear ‘slave’ bridge is presented. Tempera-
ture compensation problems are discussed as applied to
the meter under consideration. The complete power
meter is considered along with operating procedure.”

621.317.733.011.21t 205

Impedance Measurement Bridge for Determination of
Aerial Impedances in the Medium-Wave Band.—K.
Fischer. (Elektvotech. u. Maschinenb., 15th May 1951,
Vol. 68. No. 10, pp. 249-252.) The instrument is designed
particularly for measurement of impedance in which the
reactive component is large, the resistive component
being balanced by capacitive tuning. Particular attention
is paid to screening and compensation of stray capaci-
tances: tuning reactorsare contained in a separate screened
unit. The bridge is fed from a tone-modulated h.f.
source enabling an aural-null indication of balance to be
used.

621.317.733.011.3/.4 206
An Easily Operated Precision Measurement Bridge for
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Self-Inductors and Capacitors with Losses.—E. Sorg.
(Funk w. Ton, April 1951, Vol. 5, No. 4, pp. 202-209.)

621.317.733.025 : 621.385.832 207

The C.R. Tube as Indicator for A.C. Bridges. R
Oetker. (Frequenz, IFeb. 1951, Vol. 5, No. 2, pp. 33-38.)
Conditions are investigated for the use of c.r. tubes as
indicators of complex variables in familiar bridge
circuits; particular attention is given to sources of error.

621.317.74 : 621.397.5 208

Transmission Measuring System.O. D. Engstrom
(DBell Lab. Rec., June 1951, Vol. 29, No. 6, pp. 264-268.)
The apparatus measures phase distortion in the trans-
mission of video signals along transmission lines. The
calibrating signal consists of two sine waves with a
constant frequency difference of 200 kc's, the frequency
range extending upwards to 3 Mc;s. The phase shift of
the resulting 200-kc’s envelope for any frequency pair is
compared oscillographically with the phase of the en-
velope resulting from a standard frequency pair of 892
kc/s and 1092 ke's

621.392.001.4 209
Determination of Amplitude and Phase Characteristics
of Linear Networks by means of Square Waves. ]
Miiller. (Fernmeldetech. Z., May 1951, Vol. 4, No. 5
pp. 211-220.) Detailed theory of the method is given.
The construction of a square-wave generator for the
range 50 c/s—6 Mc/s is described and also the method
adopted for its calibration. The great advantage of the
method is that the amplitude and phase characteristics
of a network can be determined over a relatively wide
band of network frequencies by means of a single square-
wave test frequency. Auxiliary equipment comprises a
wide-band c.r.o. with timebase circuit for a frequency of
I Mc/s and deflection proportional to time, and a wide-
band amplifier. Examplesof theapplication of the method
include (a) anode circuit of an amplifier, (b) 2-stage low-
pass filter, (¢) 1f. transformer, (d) magnetophone, (¢)
band-pass filters. See also 210 below (Meyer-Eppler)

621.392.001.4 210

Measurement of the Frequency Characteristics of
Linear Systems by Single or Repeated Switching Pro-
cesses.—W. Meyer-Eppler. (Fernmeldetech. Z., April
1951, Vol. 4, No. 4, pp. 174-182) Non-stationary
methods of measurement are discussed and methods
using single pulses, periodic series of pulses, or square
waves are described, particular reference being made to
Jow-pass, high-pass and band-pass filters, and resonators

621.396.621.001.4 211
Systematic Analysis of the Properties of Radio Receivers.
Fromy. (See 252)

621.397.6.001.4 21

Traveling-Wave Amplifier Measurements.—[" FE
Radcliffe. (Electronics, Aug. 1951, Vol. 24, No. 8, pp
110-111.) Circuits and procedures for transmission and
impedance measurements on wide-band amplifiers are
described. Frequency sweeps of 500 Mc/s at 4 kMc/s
with a repetition rate of 60 c/s are used, and measurements
are accurate to within 20,

621.317:621.314.6 213

Gleichrichtermesstechnik (Rectifier Measurement Tech-
nique). [Book Review]—H. 1°. Grave. Publishers:
Geest & Dortig, Leipzig, 1950, 227 pp., 27 DM. ([Flek-
tron Wiss. Tech., April 1951, Vol. 5, No. 4, p. IV.) One
of a series of monographs which deals with the general
theorv of ditferent types of rectifier and their applica-
tion in measurement circuits.

WIRELESS ENGINEER, JANUARY 1952
F

OTHER APPLICATIONS OF RADIO AND

ELECTRONICS
621.316.578.1 214
A Millisecond Timer.--J. M. Sturtevant. (Rev. sci.

Instrum., June 1951, Vol. 22, No. 6, pp. 359-362.) The
circuits described produce a time delay of up to 10 sec,
accurate to within 1 ms, and can be used as a stop-
clock reading to the same accuracy, with manual or
electrical control. A test pulse generator for adjustment
purposes is also described.

621.365.34/.55¢ 215

Fundamentals of High-Frequency Heating. —G. Lang.
(Bull. schweis. elektvotech. Ver., 5th May 1951, Vol. 42,
No. 9, pp. 289-303. In German.) After a short explana-
tion of terminology and a historical review, the thermal
aspect of the subject is discussed. The principle of
induction heating is explained and the importance of the
depth of penetration is stressed. Dielectric heating is
next considered. Different types of generator are
reviewed and their advantages and disadvantages for
particular applications are noted.

621.365.541 216

Additions to the Generalized Theory of Power Transfer
by Induction.—M. van Lancker. (Bull. Soc. frang. Elect.,
May 1951, Vol. 1, No. i, pp. 241-251.) Turther develop-
ment of the theory published in 1950 (3112 of 1950),
leading to a complete solution of the problem.

621.38.001.8 217

A Judgment Box.—W. H. Alexander. ([lectronic
Engng, July 1951, Vol. 23, No. 281, pp. 256-257.) Each
factor influencing a decision which must be made is
assigned a weight; by summation of voltages corres-
ponding to the ten weighted factors, their weighted mean
is shown on a meter.

621.38.001.8 218

Electronic Protection for War Plants.—R. Y. Atlee.
(Electronics, Aug. 1951, Vol. 24, No. 8, pp. 96-101.)
I’hotoelectric, capacitance and  acoustic alarm
systems are discussed. Illustrations of recent installa-
tions, including boundary-protection systems, are given.

621.383.001.8 219

Industrial Tri-stimulus Color Matcher.—G. P. Bentley.
(Electronics, Aug. 1951, Vol. 24, No. 8, pp. 102-103.)
Construction and circuit details are given of a sensitive
flicker-photometer instrument incorporating a photo-
multiplier

621.384.61 220

The Yale Linear Electron Accelerator. H. I.. Schultz
& W. G. Wadey. ([Kerv. sci. Instrum., June 1951, Vol. 22,
No. 6, pp. 383-388.) Design, construction and per-
formance of the accelerator are described. Independent
cavity resonators driven by 3500-kW triode power

amplifiers are used, and large currents of 10-MeV
electrons are produced.
621.384.61 221

Operation of a Six-MeV Linear Electron Accelerator.

-G. E. Becker & D. A. Caswell. (Rev. sci. Instrum.,
June 1951, Vol. 22, No. 6, pp. 402-405.) A travelling-
wave type accelerator is described, using a single mag-
netron as power source and operating at a wavelength
of 10-5 ¢m, with a peak power output of 0-9 MW

621.384.611¢% 222

On the Radio-Frequency Requirements of High-
Energy Electron Synchrotrons.—7T. R. Kaiser. (Proc.
phys. Soc., 1st June 1951, Vol. 64, No. 378B, pp. 502 507.)

Al



Taking into account the finite rate of rise, the required
r.f. voltage for efficient transition from betatron to syn-
chrotron operation is determined for two machines under
construction.

621.384.612.2¢ 223

The Synchrocyclotron at Amsterdam: Part 3—The
Electromagnet.—F. A. Heyn. (Philips tech. lev., June
1951, Vol. 12, No. 12, pp. 349 364.) Design, construc-
tion and performance of the magnet are described. A
method has been found for stabilizing the particle
orbits; as a result, 28-MeV deuterons can be produced
instead of the planned 23-MeV deuterons. Darts 1 & 2:
2790 of 1951.

621.385.38.001.8 224

Measurement of Ignition Delay in Internal-Combustion
Engines. J. NKwasieborski. (HI, Brussels, 1951,
No. 10, pp. 287 292.) Two thyratrons, fired by impulses
derived from the phenomena investigated, control the
functioning of a pentode whose anode current is measured.

6$21.385.38.001.8 225

A Simple Photostimulator.—R. G. Bickford & W.1T
Moffet. (Electroencephaiography clin. Neuvophys., May
1951, Vol. 3, No. 2, pp. 251-252,) A pulse generator,
using a thyratron, triggers a flash tube, giving 0-5-50
flashes 'scc. Construction and component details are
yiven.

621.355.833 226

German Society for Electron Microscopy: Third Annual
Conference.—( Nature, Lond., 14th July 1951, Vol. 168,
No. 4263, pp. 70-71.) Brief report of conference held on
18th—-20th May 1951 in Hamburg, at which about 80
papers werc presented dealing with the electronoptics
and applications of electron microscopes.

621.385.833 227
On the Dioptrics of Electrostatic Electron Lenses.
G. Wendt. (Z. angew. Phys., june 1951, Vol. 3, No. 6,
pp- 219-225.) By inversion of the function expressing
the potential distribution on the axis of the lens, charac-
teristic relations are derived for the electron paths in
basic types of accelerating lens and in the three-element
independent lens. Substitution of axis potential for axial
coordinate in the ditferential equation for the paraxial
rays gives an equation of the Heun type with polynomial
coeflicients, the solutions of which are Riemann functions
of second order with four branch points. Ior a similar
method see C. R. .lcad. Sci., Paris, 20th I'eb. 1950

Vol. 230, No. 8, pp. 734-735 (Régenstreif)

621.1385.833 228
New Formulae for the Third-Order Aberrations of

Magnetic Lenses.—P. Sturrock. (C. . ‘cad. Sci.,

Paris, 9th July 1951, Vol. 233, No. 2, pp. 146-147.)

621.385.833: 621.317.42 229

Inductance Method for studying the Field Pattern on
the Axis of a High Power Magnetic Electron Lens.
Fert & Gautier. (See 195.)

621.387 .41 230

A Localizing Geiger Counter.—S. G. I, I'rank. (Phil.
Mag., June 1951, Vol. 42, No. 329, pp. 612-615.)
method is described for locating ionizing particles, based
on the fact that the discharge in a Geiger counter spreads
along the wire at a constant speed.

621.387.462¢1 231

Behaviour of Space Charge in Diamond Crystal
Counters under Illumination: Part 1. \. G. Chynoweth.
(Phys. Rev., 15th July 1951, Vol. 83, No. 2, pp. 254-263.)

Al8

621.387. 462+ 232

Behaviour of Space-Charge-Free Diamond Crystal
Counters under Beta-Ray Bombardment: Part 2.—A. G.
Chynoweth. (Phys. Rev., 15th July 1951, Vol. 83, No. 2,
Pp. 264-268.)

621.39.001.11 : 6 233

Cybernetics.—J. Loeb. (H F, Brusseis, 1951, No. 10,
pp. 257-269, 286.) The development of the subject as a
theory of telecommunication signals is outlined and
its application to calcalating machines and to
servomechanisms is described, together with wider
applications in physiology, psychology and political
economy .

681.142 234

Step Multiplier in Guided Missile Computer.—E. A
Goldberg. ([IZlectronics, Aug. 1951, Vol. 24, No. 8, pp.
120-124.) A 4000-valve analogue computer for simu-
lating the characteristics of a missile-target system
includes a high-precision multiplier comprising reversible
binary counter and relay-operated conductance net-
works, for maintaining orthogonality between the
reference-axis systems of earth and missile as the com-
putation proceeds

681.142 235

Some Aspects of Electrical Computing.—]. Bell
( Flectronic lingng, June & July 1951, Vol. 23, Nos.
280 & 281, pp. 213-216 & 264-269.) An account of the
application of various devices in the design of equipment
for conversion from polar to cartesian coourdinates or
vice versa, differentiation, integration, multiplication,
division, and computation of variable functions relating
to ballistics. These devices include (a) the ipot (induc-
tive potentiometer), a toroidal coil very uniformly
wound on a large ring core and provided with sliding
contacts, (b) the magslip resolver, a special tvpe of servo-
mechanism.

PROPAGATION OF WAVES
538.566 236
‘Internal’ Reflection in a Stratified Medium with
Application to the Troposphere.—G. Eckart & T. Kahan.
(Arch. Elekirotech., 1951, Vol. 40, No. 2, pp. 133-140.)
German version of 718 of 1431

338.566 237
Properties of Inhomogeneous Plane Electromagnetic
Waves.—Bonfiglioli. (See 113.)

A38.5606 0 335.42 238

Diffraction of Electromagnetic Waves near the Earth’s
Surface in an Optically Inhomogeneous Medium.—k.
Schachenmeier. (. Adrch. elekt. Ubertragung, June 1951,
Vol. 5, No. 6, pp. 267--272.) Making use of the laws of
geometrical optics and non-Euclidean geometry, the
problem is transformed to render it amenable to calcula-
tion by methods already developed. For practical
calculations, the actual curvature of the earth’s surface
is reduced by that of the ray path, when the ordinary
laws of diftraction can be used

621.396.11 4 621.392.2.09 239

Characteristic Impedance, Power. Voltage and Current
in Transmission along Lines, in Waveguides and in Free
Space.—-Zinke. (See 31.)

621.396.1] 240

A V.H.F. Field-Strength Survey on 90 M¢js.—H. L.
Kirke, R. A. Rowden & G. |. Ross. (Proc. Insin elect.
Lngrs, Part 111, Sept. 1951, Vol. 98, No. 33, pp. 343-359.
Discussion, pp. 3758-382.) The effects of the height of the
site and of the transmitting aerial and the profile of the
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transmission path are discussed in relation to field-
strength measurements for a transmitter at \Wrotham,
Kent. In built-up areas the variations are less for hori-
zontal than for vertical polarization. In hilly country
the minimum fiekl strength occurs on the near-side slope
of a valley and is lower for horizontal than for vertical
polarization. Measurements along radials show that, in
general, signals of these two polarizations are propagated
equally well. By extrapolating from these data, a field-
strength contour map of S.E. England has becn prepared
for a transmitter power of 25k\W and high-gain aerial
on a 500-ft mast.

621.396.11 241

The Propagation of Metre Radio Waves beyond the
Normal Horizon: Part 1—Some Theoretical Considera-
tions, with Particular Reference to Propagation over
J. A\ Saxton. (Proc. Instn elect. Engrs, "art |11,
. 1951, Vol. 98, No. 55, pp. 360-369. Discussion,
pp. 378-382) The relative importance of abnormally
high refraction near the surface of the earth and of
reflection from high-level inversion layers is investigated
and illustrated by examples. Of the two mechanisms,
the latter is the more likely to give abnormally high
field strength at ranges of a few hundred kilometres,
especially for Jow terminal heights. Consideration is also
given to the effects of scattering by turbulent eddies in
the atmosphere; this is of less importance than other
mechanisms of propagation up to distances of 250 km

621.396.11 242

The Propagation of Metre Radio Waves beyond the
Normal Horizon: Part 2—Experimental Investigations at
Frequencies of 90 and 45 Me¢/Js.— J. \. Saxton, G. W.
Luscombe & G. H. Bazzard. (Proc. Instn elect. Engrs,
Part 111, Sept. 1951, Vol. 98, No. 35, pp. 370-378.
Discussion, pp. 378 3x2.) The statistical distribution ot
quasi-peak field strength as a function of time was
determined for propagation over two paths of respective
lengths 110 and 270km at $0Mc's, and over one of
length 160 km at 43 Mc/s, for a period of two years.
The observed field strengths often considerably exceeded
the values corresponding to standard atmospheric
refraction; some degree of correlation was found with
meteorological data obtained from routine radiosonde
ascents. Use of the results in planning v.h.l. broad-
casting services is outlined. Part I: 241 above.

621.396.11 - 551.510.535 243
Vertical Propagation of Electromagnetic Waves in the
Ionosphere, - M. N. Saha, B. K. Banerjea & U. C. Guha.
(Proc. nat. Inst. Sci., I'ndia, May, June 1931, Vol. 17,
No. 3, pp. 205-226.) A ciscussion of the equations for
vertical propagation in the ionosphere is given in
standardized notation. The electric vector components
E, and E, are coupled by polarization terms p, and p,
which are tunctions of geomagnetic latitude and height;
and the propagation vectors associated respectively with
the ordinary and extraovdinary waves are given by
(En + ipIi,)]A/1 F p* for two different values of p, and
are governed by two refractive indices ¢, and ¢, and a
coupling term ¢. The five quantities needed to define
wave propagation completely are p,, p,, ¢, ¢, and gq,;
the first three of these are discussed here, the last two
have been dealt with by Booker (see e.g. 355 of 1935) and
others. For I'-layer propagation ¢ can be ucglected
everywhere except very ncar the geomagnetic poles;
E-laver propagation is more difficult to calculate.

621.396.11 : 551.510.535 244

Lateral Deflection of the Ray on Reflection at an
Inhomogeneous Ionosphere Layer.- K. Rawer. (Z.
angew. Phys., june 1931, Vol. 3, No. 6, pp. 226-227.
General and numerical calculation of azimuth variation
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caused by lateral ray displacement, based on particular
ionosphere models. The deflection is in the direction
of stronger ionization, and angular displacement of
nearly 10° occurs, corresponding to an increase of 10%
in the mu.f Good agreement with observations is

noted.
621.396.11.012.3 245
Field Power Conversion.—R. E. Perry. (Electronics,

Aug. 1951, Vol. 24, No. 8, p. 134.) A chart is shown for
converting propagation cata from field-strength to
power-density values.

621.396.11.029.51 : 551.510.535 246

Effects of Ionosphere Disturbances on Low-Frequency
Propagation.—J. M. Watts & J. N. Brown. (J. geophys.
Res., Sept. 1951, Vol. 56, No. 3, pp. 403 408.) Some
photographic records of ionospheric reflections obtained
with a transmitter giving a peak pulse power of 900 kW
on frequencies of 50, 100 and 160 kc/s are reproduced and
discussed. The disturbed appearance of the E-region
night-time echoes is found to be a sensitive indication of
storminess. In the daytime the effect of storms is to
cause an increase in absorption, with a corresponding
weakening or fade-out of I echoes. .\ graph 1s given
showing correlation between magnetic activity and night-
time disturbance of the E layer.

621.396.11.029.51 : 551.510.5335 247
A Method for Obtaining the Wave Solutions of Iono-
spherically Reflected Long Waves, including all Variables

and their Height Variation.—Gibbons & Nertney. (See
137.

RECEPTION
519.272.15:621.39.001.11 248

The Electronic Correlator.—!1. Doizelet. (Radio tech.
Dig., Edn frang., 1951, Vol. 3, No. 4, pp. 187-200.) The
problem of improving amplitier sensitivity in spite of
irreducible background noise is considered in relation
to statistical information theory. The autocorrelation
function for noise voltage vanishes for large values of the
time interval, while the autocorrelation function for a
periodic voltage is itself periodic; this affords a method
for separating the two voltages. The operation of the
correlator constructed at the Massachusetts Institute of
Technology is described. See also 730 of 1951 (Lee,
Cheatham & \Wiesner).

621.396.61 .62 : 621.396.67 249
Transmission and Reception of Circularly Polarized
Microwaves with a Common Aerial.—Ruppel. (See 281.)

621.396.62 4 621.395.625 : 061.4 250

The Radio Exhibition at the Vienna Spring Fair.—
(Radio Tech., Vienna, April 1951, Vol. 27, No. 4, pp.
195-198.) Review of portable receivers and magneto-
phone recording equipment exhibited

621.396.621 251

Short-Wave Receivers.—H. Flicker & J. Hacks.
( Telefunken Ztg, March 1951, Vol. 24, No. 90, pp. 27-38.)
An account of present-day technigue used in the con-
struction of commercial s.w. receivers. The properties
that can reasonably be expected in a receiver are con-
sidered and also how far such requirements are mutuoally
exclusive or concordant. Technical data for twelve
modern receivers of German, French, British and Ameri-
can manufacture are tabulated. The propagation of
short waves is discussed in relation to receiver charac-
teristics.
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621.396.621.001 .4 252

Systematic  Analysis of the Properties of Radio
Receivers.—I-. Fromy. (Onde élect., May & June 1951,
Vol. 31, Nos. 280 & 291, pp. 210-222 & 282 291) A\
technique of recciver performance cvaluation is described
which overcomes the inadegnacy of the usual specifica-
tions of sensitivity. For the receiver h.f. amplifier a
c.w. source is used to derive a family of curves, relating
acrial input voltage to detector output, for gradually
increasing values of amplification: this is linked with a
corresponding family of curves for set noise as a function
of input voltage. The a.f. amplifier, with gain control at
maximum and the controls in earlier stages adjusted so
that set noise at the output terminals is inappreciable, is
treated similarly, its characteristics being obtained by
varving the voltage applied to the receiver input ter-
minals. The interpretation of the performance charac-
teristics so obtained is discussed and examples are given.

621.396.621.54 : 621.3.012.3 253
New Diagrams for ‘Ganging’ Calculation. Kerbel

(See 33.)

621.396.622 4 621.396.619.2 254

Modulators, Frequency Changers and Detectors using
Rectifiers with Frequency-Dependent Characteristics.
Tucker. (See 282.)

621.3496.622 255

The Relative Advantages of Coherent and Incoherent
Detectors: A Study of their Output Noise Spectra under
Various Conditions. 1. \. Smith. (Proc. Instn elect.
Fuers, Part 111, Sept. 1951, Vol. 98, No. 55, pp. 401
1406.) Summary of 1.I2.E. Monograph No. 6. Comparison is
made of output spectra obtained with incoherent square-
law and lincar detectors on the one hand and coherent
homodyne and commutator detectors on the other hand,
for an input comprising sinusoidal signal plus noise.
Input noise from several common types of filter is con-
sidered. Curves give the signal noise ratio at the output
when no further bandwidth limitation is applied and
when the detector is followed by a narrow-band filter.
Considerable advantage can be obtained with a coherent
detector when the input signal noise ratio is somnewhat
less than unity.

621.396.8.029.45 256

Overseas Reception on Medium Waves. IN. M.
Schwarz. (Radio Tech., Vienna, May 1951, Vol. 27
No. 5, p. 224.) Near-East stations often heard in Europe
are listed. Reception of medium-wave programmes from
S. America is subject to long-period fading (up to several
minutes), but is considerably more reguiar than for s.w
stations.

621.396.823 257

Radio Influence Tests in Field and Laboratory — 500-
kV Test Project. -G. D. Lippert. \W. 1. Pakala, S. C.
Bartlett & C. D. Fahrnkopl. (/lect. fingng, N.Y.
June 1951, Vol. 70, No. 6 pp. 481 456.) 1951 N LEE.
\Winter General Meeting paper. Report of an investiga
tion of the effect on the unwanted r.f. radiation from
500-kV lines of weathering. precipitation and variation
of voltage, frequency and conductor diameter.

STATIONS AND COMMUNICATION SYSTEMS

621.39.001.11 258

A History of the Theory of Information.— IZ. C. Cherry.
(Proc. Instn elect. IZngrs, Part 111, Sept. 1931, Vol. 9%,
No. 55, pp. 383-393) [Fundamental points in human
communication systems which have been summarized by
precise mathematical theory are mentioned. The need
for cconomy, which appeared as telegraphy and telephony
developed, led to systems of signal compression and

\20

early theories of communication, later extended to
express ‘information’ quantitatively. Definite accom
plishments in the mechanization of processes analogous
to thought, as embodied in calculating machines and
servomechanisms, are outlined. Evidence from the whole
field of scientific observation supports the view that
“information plus entropy is an important invariant of a
physical system.

621.395.44 259

German Carrier-Frequency System V60.—\V. Zerbel
( Fernneldetech. Z., May & June 1951, Vol. 4, Nos.5 & 6,
pp. 193-201 & 268-274.) The carrier-frequency arrange-
ments which will be used by the German Post Office on
its new long-cdistance cable network are described, with
particular reference to the electrical aspects (pre-grouping
or pre-modulation svstem for 60 channels) and the prac-
tical construction

621.395.665. 1 260

Instantaneous Compandors. C. . Mallinckrodt
(Bell Syst. tech. [., July 1931, Vol. 30, No. 3, pp. 706
720.) Discussion of the theory of the ‘instantancous
type of compandor, and evaluation of the noise advan-
tage when instantancous companding is applied to tele-
phone channels.

621.306.5 : 621.396.931 261
Experimental Radio-Telephone Service for Train
Passengers. - N. Monk. (/’roc. Inst. Radio fingrs, Aug

1951, Vol. 39, No. 3, pp. 873 881.) A series of stationary
transmitters and receivers working in the 33 43-Mcs
band and situated along the 440-mile railway from New
York to Buttalo provide links between trains and the
normal telephone svstem. Train attendants were
formerly required, but experiments with coin-boxes have
been successful: in this case the frequency band 152--162
Mc s is used.

621.396.61 621 : 621.396.931 262
New Equipment for V. H.F. Radio-Telephone Systems.
(G.I:.C. Teleconnmun., 1948, Vol. 3, No. 1, pp. 5-14.)
A.m. and {f.m. transmitter-receivers for mobile and central
stations are described. All units are crystal controlled
and will operate at any frequency in the bands allocated
between 30 and 184 Mc s. Miniature valves and com-
ponents are used, enabling the complete equipment for

one station to be contained in a box 8in. < 18 in
8 in. Public-address facilities are incorporated
621.396.61 621 : 621.396.931 263

High-Frequency Radio Transportable Transmitter and
Receiver. (. E.C. Telecommun., 1949, \ol. 4, No. 1
pp. 12-22) \ description of apparatus suitable for c.w
or m.c.w. telegraphy and a.m. telephony; the weight is
60 1b. Power supply may be at 12 or 24 V d.c., or from
A0-¢ s mains. The transmitter, covering the frequency
range 2-4-1 Mc s, comprises a crystal oscillator and
modulated amplifier stages and radiates 25 W on c.w
telegraphy. The modulation amplifier may be used
alternatively for public-address purposes. The super-
heterodyne receiver covers the band 2- 20 Mc's.

621.396.619.14 264

Product Phase Modulation and Demodulation. D. I3
Harris. (Proc. Inst. Radio Lugrs, Nug. 1951, Vol. 39,
No. 8, p.907.) Correction to paper noted in 3159 of 1950.

621.396.65 265

New Directional radio Links. -]. Kornfeld. (Radio
Tech., Vienna, April 19531, Vol. 27, No. 4, pp. 164-167.)
Review of .American and European wide-band relav
networks for long-distance communications and tele-
vision services,
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621.396.65 266

Application of Microwave Channels. —R. C. Cheek.
(Elect. Engng, N.Y., June 1951, Vol. 70, No. 6, pp. 500-
503.) 1951 A.1LE.E. \Vinter General Mecting paper.
Relevant factors in the design of microwave communi-
cation systems are considered, including the selection of
frequency band, the influence of topography on the choice
of terminal sites, the calculation of the free-space loss
between aerials, which determines the aerial size, and the
losses in cables or waveguides between the equipment and
aerials.

621.396.65 : 621.396.619.13 267
Asymmetry of the Frequency Swing, particularly in the
case of Wide-Band F.M. Directional Links.—P. Barkow.
( Fernmeldetech. Z., April 1951, Vol. 4, No. 4, pp. 168-173.)
The cause of the asymmetry and of the consequent dis-
tortion is analysed and methods of correcting and of
compensating the errors of symmetry are described.

621.396.65.029.62 : 621.396.5 268

Conditions for the Development in France of Two-Way
Radiotelephony on Very Short Waves.—E. I’. Courtillot.
(Onde élect., May 1951, Vol. 31, No. 290, pp. 223-232)
The use of the frequency band 25-174 Mc/s for two-way
communication between fixed and mobile stations is
discussed generally in the light of current practice in the
United States and in England. It is essential to arrange
development according to a fixed plan, taking full account
of economic factors.

621.396.97 : 621.396.66 269

The Automatic Monitoring of Broadcast Programmes.—
H. B. Rantzen, F. A, Peachey & C. Gunn-Russell. (/roc.
Instn elect. Engrs, Part 111, Sept. 1951, Vol. 98, No. 55,
pp- 329-340. Discussion, pp. 340-342.) See 1491 of 1951.

SUBSIDIARY APPARATUS

621.314.1.082.72 270

Electrostatic Direct-Current Transformer of 300 Kilo-
volts.—]. Mk Malpica. (Rev. sci. Instrum., June 1951,
Vol. 22, No. 6, pp. 364-369.) A continuous transfer of
electric charges is effected by rotating a dielectric between
two pairs of metallic brushes, the primary pair being
connected to a h.v. source. Several disks on one shaft are
used to form a step-up transformer. The elementary
theory and experimental results are given.

621.314.632.1 271
Resistance Stratification in Copper-Oxide Rectifiers:
Part 1—Investigations on Massive Plates with Nonblock-
ing Contacts.—F. Rose. (Amnn. Phys., Lpz., 30th June
1951, Vol. 9, Nos. 2/4, pp. 97-123.) Measurements of the
apparent resistance of massive oxidized copper disks
with graphite or silver contacts were carried out at fre-
quencies up to 100 ke/s and at various temperatures in
the range 195°-303°K. The results obtained are pre-
sented in a table and diagrams, and are discussed with
particular reference to Lehovec’s method of estimating
the conductivity distribution through the oxide layer.

621.314.632.1 272
Resistance Stratification in Copper-Oxide Rectifiers:
Part 2—Investigations on Rectifier Disks. —F. Rose.
(Ann. Phys., Lpz., 30th June 1951, Vol. 9, Nos. 2/4,
pp. 124-140.) Measurements were made for the same
frequency and temperature ranges as for massive disks
(271 above) on rectifier disks of two sorts of copper
subjected to various annealing conditions, again using
graphite or silver electrodes. The results are shown in
diagrams and Lehovec’s method of analysis is applied.
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621.316.722.078.3 278

Stabilization of Direct Voltages.—H. Giinther. (Funk
1. Ton, March 1951, Vol. 5, No. 3, pp. 124-132)) Dis-
cussion of the maximum stability attainable using an
amplifier valve as a series resistance. Suitable conduct-
ance characteristics for the controlling pentode are
shown; its anode load resistance should be as large as
possible.  An additional potentiometer-type control
circnit at the input reduces input voltage fluctuations and
reduces the effective internal resistance of the control
circuit.

621.319.3 274

New Electrostatic Generators.—N. . Vélici. (Onde
élect., May 1951, Vol. 31, No. 290, pp. 205-209.) The
general principles underlying the functioning of rotary
e.s. generators are outlined. The necessity for a fluid
dielectric with high breakdown voltage has led to the use
of compressed gas, usually air; pressures of 30 atmo-
spheres enable the power output of a machine to be made
200 times greater than is possible with normal atmospheric
pressure. Figures are uoted for several existing machines,
giving outputs of up to 100 x4\ at 500 kV. Machines are
being developed for outputs as high as 30 mA at 500 kY
or more. An overall efficiency of 75% is readily obtained.
See also 999 of 1951 (Hémardinquer).

TELEVISION AND PHOTOTELEGRAPHY

621.397.5 275

The Evaluation of Picture Quality with Special Reference
to Television Systems: Part 1. —1.. C. Jesty & N. R. T’help.
(Marconi Kev, 3rd Quarter 1951, Vol. 15, No. 102, pp.
113-136.) ‘A new method of assessing the performance of
a picture-reproducing system is described. The effect of
tlie simultaneous variation of the four parameters,
brightness, contrast, resolution, and viewing distance,
has been explored. Measurements have been made under
conditions of best picture reproduction, with the system
maintained at this level of adaptation. Various photo-
graphic and television systems have been examined.
This work has involved a similar investigation of the

OT]

behaviour of the ‘average observer’.

621.397.5 : 535.62 276

A Color Television System for Industry.—H. R. Smith,
A. L. Olson & R. IF. Cotellessa. (Elect. Engng, N.Y.,
June 1951, Vol. 70, No. 6, p. 517.) Summary of 1951
A.1.E E. Winter General Meeting paper. Description of
a wired system using an orthicon camera tube and suitable
for industrial, commercial, medical and military appli-
cations. A field-sequential system with rotating colour
disks is used.

621.397.5 : 535.62](083.74) 277

Plans for Compatible Color Television.—D. G. F.
(Electronics, Aug. 1951, Vol. 24, No. 8, pp. 90-93.) System
standards recommended by the U.S. National Television
System Committee are outlined. A composite signal is
suggested, including a monochrome component and a
colour component on a subcarrier; field tests are to be
made in order to formulate definite numerical proposals
for a full set of compatible colour standards.

621.397.5 : 535.623 278

Dot-Interlaced Scanning and its Recent Development in
American Colour Television.— . Schwartz. (Fern-
meldetech. Z., June 1951, Vol. 4, No. 6, pp. 243-250.)
The 4-raster system of point scanning is explained and
new pulse technique for this method of scanning is
described. Its application to colour television is examined
in detail and suitable tubes developed in U.S.A. for the
purpose are briefly described.
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621.397.5 : 621.317.74 279
Transmission Measuring System.—Eungstrom. (See
208.)

TRANSMISSION

6$21.316.726.075.3 280
U.H.F. Discriminator and its Application to Frequency
Stabilization [of klystron|.—Pircher. (See 59.)

621.396.61/.62 : 621.396.67 281

Transmission and Reception of Circularly Polarized
Microwaves with a Common Aerial.—\V. Ruppel. (Fern-
meldelech. Z., June 1951, Vol. 4, No. 6, pp. 251-253.) By
using both directions of rotation of circularly polarized
waves an aerial system can be used for both the trans-
mission and reception of waves of the same frequency.
The bridge arrangement for decoupling the energy paths
is explained and a practical example is described which
embodies two tank circuits. \rrangements of compact
linear elements avoid the use of a gas-filled blocking
valve. The principle is in practice only applicable to
microwaves.

621.396.619.2 4 621.396.622 282

Modulators, Frequency Changers and Detectors using
Rectifiers with Frequency-Dependent Characteristics.—
D. G. Tucker. (Proc. Instn clect. Engrs, Part 111, Sept.
1951, Vol. 98, No. 55, pp. 394-398.) An approximate
method of allowing for frequency dependence of the
resistance characteristic of the rectifier can be applied
easily to the analysis of circuits where the terminating
tmpedances are finite only at a finite number of modu-
lation-product frequencies and zero at all other
frequencies. Results for a particular set of operating
conditions are illustrated by numerical examples based
on copper-oxide modulators working at frequencies up to
6 Mc/s. The conversion insertion-loss can be stabilized
against temperature variation by a suitable choice of
terminating resistance. The working and results are the
same for shunt, scries and ring modulators for conditions
of low input frequency with high output frequency and
vice versa

621.396.619.23 283

Oscillator Circuits as Frequency Modulators.—WWV.
Mansfeld. (Funk u. Ton, June-Aug. 1951, Vol. 5, Nos.
6-8, pp. 309-316, 351-360 & 411-421.) Three different
arrangements are investigated theoretically and experi-
mentally and it is shown that proportional frequency
variations can be obtained by modulation of the feed-
back phase angle. Using a single-valve oscillator circuit a
frequency swing of over 6% was obtained, with linearity
over a wide range, but a disadvantage of this modulator
circuit is the dependence of the excited frequency on the
operating voltages and valve characteristics. A push-pull
circuit with push-pull modulation gave much better
results, the linearity, frequency swing obtainable, small
amplitude variation with modulation voltage, and
frequency constancy with variations of operating voltage,
making such an arrangement useful as a frequency modu-
lator. Another push-pull circuit, incorporating a phase-
control arrangement, also gave good results.

VALVES AND THERMIONICS

621.383.271 : 621.317.42 284

Investigation of the Conditions for Use of Kubetski’s
‘Mosaic’ Multiplier as an Indicator of the Magnetic Field.
—N. V. Krasnogorskaya. (Bull. Acad. Sci. U.R.S.S.,
sér. géogr. géophys., Jan./Feb. 1951, Vol. 15, No. 1, pp.
43-50. In Russian.) A multiplier with a CuS-Cs photo-

A.22

cathode and six stages of electron multiplication is
described. Each stage consists of a secondary-emission
CuS-Cs electrode and a nonemitting Ag electrode. The
alternation of dark emitting and bright nonemitting
layers resembles a mosaic. The electrons leaving the
photocathode are directed hy means of an electric and a
magnetic field; an additional magnetic field shifts the
beam from sensitive to non-sensitive electrodes, thus
altering the value of the anode current. Experiments
witht these multipliers are described. The necessary con-
ditions of stability of the power supplies are derived for
a given accuracy of measurement of the intensity of the
magnetic field, and limits of possible measurements are
established.

1521.38.').029.63,.64 0 837.333 285
Waves in Electron Streams and Circuits.—Pierce.
(See 106.)

621.385.3 : 546.289 286

Electric Forming in »n-Germanium Transistors using
Phosphorus-Alloy Contacts.— . P. Stelmak. (Phys.
Rev., 1st July 1951, Vol. 83, No. 1, p. 165.) Results of
measurements emphasize the important role played by
the P content of the collector contact point in improving
transistor gain when forming is done by puised currents.

621.385.5: 621.318.572 287
igh-Speed Sampling Techniques.—Shepard. (See

64.)

621.385.82.029.3 : 621.395.61 288

Increasing the Efficiency of the High-Power Thermionic
Cell by Superposition of a Strong Field obtained from
a High Voltage of High Frequency.—S. Klein. (C. R.
Acad. Sci., Paris, 9th July 1951, Vol. 233, No. 2, PP.
143-145.) Modifications to the gas-filled thermionic cell
described in 593 of 1947 are proposed. A h.f. voltage
applied to a Pt point produces a discharge which heats
the ion emitter. The device can be used both as an
acoustic and ultrasonic transducer and as a source of
ultraviolet radiation.

621.396.615.141.2 : 621.385.029.63, .64 289

The Magnetron as a Travelling-Wave Valve.—O.
Dohler. (Funk u. Ton, March & May 1951, Vol. 5, Nos.
3 & 5, pp. 146-155 & 257-262.) Treatment of the theory,
and description of the construction and operation, of
different types of magnetron; complementary to paper
noted in 1017 of 1951, See also 2064 of 1950 (\Warnecke et
al).

621.38 290

Electronics. 'Book Review]—P. Parker. Publishers:
Arnold, London, 1050 pp., 50s. (/. sei. Instrim., July
1951, Vol. 28, No. 7, p. 223.) “In this admirably
balanced work there is no subject which is over-elaborated,
or in which the reader is not brought up to a level just
short of research standard.”

MISCELLANEOUS

621.39.001.5 291

Telecommunications Research: Fundamental Investi-
gations undertaken by the D.S.I.R.—(1Wireless World,
Oct. 1931, Vol. 57, No. 10, pp- 431-432))

621.396 : 061.4 292
Radio Exhibition Review.—(Wireless World, Oct. 1951,
Vol. 57, No. 10, pp. 384-395) Trends in the design of
radio, television, and associated apparatus shown at the
18th National Radio Exhibition, héld in London during
September 1951, are illustrated and discussed.
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ADYANCE COMPONENTS LTD.

prsally ace
e

Modern in conception, design and performance, the E.2., with
ils exceptionally wide range, not only fulfills to-day’s needs of
radio and television, but anticipates the requiremernts of
tomorrow. More than ordinary care has been used in screen-
ing and filtering. As a result. stray field is less than 3
microvolts at 100 Mc|s. ® Frequency accuraey of + 1% extends
over the whole range. ® Quiput voltage 1 4V to 100 m¥. and
approx. lv at full R.F. Socket. ® [Internal modulation,
external modulation to 80% @ AF. Output variable 0-12¢
at 400 c[s. ® Size 13" x 10" x 73", @ Weight 15 Ibs.

The Advance range covers
I5 ¢/s - 310 Mc/s

Full details in Folder SI4/V.

Advance

SIGNAL GENERATOR

'Phone: LARkswood 4366 7 8.

JANUARY 19532

BACK ROAD, SHERNHALL STREET, LONDON, E.!7,

Yt
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CARPENTER

POLARISED RELAYS

TYPE 3

Maximum speed, maxi-
mum contact pressure and
sensitivity, and minimum
transit time.

Primarily designed as a
high-speed telegraph re-
lay, it has also been used
for direct operation from
barrier-layer photo cells
and thermo-couples, and
also for measurement and
power circuit protection
schemes.

Dimensions——(With cover. Excludin
connecting tags). 4} ins. high, 2

ins. wide. | ins. deep. Weight—
22 ozs. (623 gm.). .

Complete details available on request.

TYPE 4

Long contact travel,
medium speed and sensi-
tivity. Primarily designed
as a telephone impulsin
relay (D.C.diallincgaup tol
miles and V.F. dialling on
trunk circuits), it has also
been adopted for use in
Telex systems. Also avail-
ableindouble-pole, double-
throw version with self-
synchronising contacts.
Dimensionally interchange-
able with Type 3000 relay.
Dimensions—(With cover. Excluding
wiring tags). 3 ins. high. 2§ ins.
wide. | in. deep. Weight—I3 ozs.
(369 gm.).

TYPE 5

Minjature relay of out-
standing performance in
proportion to size, prime
arily developed for Sere
vices and Aircraft use but
is providing answers to
problems in many other
fields. Rlﬁged design of
exceptional thermal stab-
ility. Dimensions of relay
identical with those of box
of safety matches plus %in.
projection of connecting
pins.

Dimensions—( With cover. Exclud-
ing wiring tags). 24 ins. high. |
ins. wide. 1 in. deep. Weight—
(including socket) 4.80zs. (137 gm.).

Manufactured by sole Licensees:—

TELEPHONE MANUFACTURING COMPANY

LIMITED

Contractors to British Commonwealth and Foreign Governments.

HOLLINGSWORTH WORKS -

DULWICH - LONDON S.E.2I

Tel: GIPsy Hill 2211 (10 lines)
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The EDISWAN /-

EASISFS

The Ediswan ES85 is a directly heated

thoriated tungsten filament triode
designed primarily for use as a class B
power amplifier or modulator.
When used as an amplifier a pair
of ES85’s will deliver approximately
250 watts of power at audio frequencies.
They are, therefore, suitable for use
in large public address systems, wired
wireless networks or as A.F.
modulators in transmitting equipment.
The ES85 may also be employed
in R.F. equipments providing the

frequency does not exceed 6.0 mcs.

j\ rating

Filament voltage (volts) vf 10 2” ol
Filament current (amps) If 3.25
Maximum Anode voltage (kv) Va (Max) 1.25

Further deiails of

Maximum Anode Dissipation (watts) Wa 85 this and oth
Mutual Conductance (mA/V) am 4 Edisga:"yaﬁe::"e
* Amplification Factor 12.5 ilabl v
Anode Impedance (ohms) 3,100 avartable om reauest.
Maximum Operating Frequency at

full rating (mcs) 6
Maximum Audio Output 2 valves (watts) W out 245

(Class B push pull)
* Taken at Va - | kV. Vg - —55v.

EDISWAN

SPECIAL PURPOSE

VALVES

THE EDISON SWAN ELECTRIC COMPANY, LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2

Member of the A.E.I. Group of Companies EVES
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for
Cw

VHF

RADAR

X-RAY
SMOOTHING
ENERGY STORAGE
IMPULSE GENERATORS
AND OTHER ELECTRONIC APPLICATIONS

Full information will be supplied on request.

WEGO CONDENSER CO. LTD.

BIDEFORD AVENUE, PERIVALE, GREENFORD, MIDDLESEX. Telephone : Perivale 4277.

oo The Y % FLEXILANT

MOUNTING

For the protection from shock of the most delicate

of instruments and of panels which are subject to
vibration, this range of “‘Flexilant™ light
mountings is at your service. Have you any
problems where we could help ?

R.B.8¢
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High permeability
magnetic alloys

by Srandard

have steadily been improved and

extended in range over many

years and are produced by a

’/I/ Company which bas the wnique
/- /

advantage of being large  scale

’ ‘ users of these materials.

| As a result of this, much direct
‘ itial pormentiny. "Uree experience of the requirements
i

" '
' {or v;ide frequency band s s s
formors, chokes, retays and and the applications of magnetic
| | magnetic shielding.
V-PERMENDUR for high per-
meabllity wi:hunusuallyhigh

Peabiity wi:bunussally bigh alloys is available, thus giving a
ed to high guality diaphrams

and pale pleces. PERMALLOY B for higher flux full appreciation of the desirable

lny_hlghingr;ﬁe;;talperrle- .
ot characteristics  and  the actual

formers.

conditions of use.

PERMALLOY D for very high
resistivity without undue
lowering of maximum flux
density or of Curie point.
8mall variation of perme-
ability with frequency. Ideal
for H.F. applications,

Srandord Telepkornes and Cables Limired

Registered Office: Connought House, Aldwych, London, W.C.2

TELEPHONE LINE DIVISION North Woolwich, London, E.I16 * ALBert Dock 140!
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Two titles in the LONDON PUBLISHING
PROGR AMME which cover the entire radio

engineering field
Radio Engineers’ Radio
Engineering

Handbook
3rd Ed. 813 pages 50/-

1019 pages 50/-
By F. E. Terman

A comprehensive and detailed reference

A single reference source giving detailed
work invaluable to all in the radio engineer-

explanations of frequency analysis, tele-
ing profession., The ground covered in vision, pulse techniques and exploitation
preparation of the book represents a sub- of the higher frequency parts of the spec-
stantially complete interpretation of the trum. Careful descriptions of recent
engineering literature of radio that has developments applying to communication
appeared. and electronics are included throughout.

Obtainable from all booksellers,

McGRAW-HILL PUBLISHING COMPANY LTD.
Aldwych House S London, W.C.2

An experienced electrical engineer or physicist is required by the
Research Laboratories of The General Electric Co., Ltd., at their
Stanmore Laboratories to take responsibility for the work of a
number of men engaged on research and development on circuits
for the generation and handling of non-sinusoidal waveforms such
as are used in timebases, differential analysers and digital and
analogue computers. Applicants, preferably between 28-35, should
have good honours degrees and should be able to produce evidence
of ability for original work and inventiveness in the form of
published work or patents. The appointment is in connection with
a major guided weapon project for defence, and offers good prospects
and starting salary. Applications should be sent to the Staff Manager,
(Ref. GBLC/306). G.E.C. Research Laboratories, North Wembley,
Middlesex.

BROOKES
is the name for
CRYSTALS

Y CRYSTALS FOR EVERY PURPOSE

TYPE “SM”

Frequency  range :
4 Mc/s to 17 Mc/s.

Quartz crystal plate
of appropriate cut
and dimensions to
suit thefrequency re-
quirement, mounted
in a hermetically
sealed metal can,
contact pins passing

Dimensions of hold-
er: 1:125"  high
under pins, 825"
wide, 457" thick.

il o4

Frequency tolerance
is 0019, of nom-
inal at 20°C., or
better for special
applications.

Engineers required by Ministry of Supply in London, must be
British of British parentage with regular ing apprenticeshi

through glass seals
spaced at 490"
centres and ficted
with silver plated
sleeves 3/32" dia-
meter.

Frequency-tempera-
ture co - efficient
better than 2 parts in
10* par |°C. over
temperature range of
—20°C. to +70°C.

and either be corporate members of one of the Institutions of Civil,
Mechanical orElectrical Engineers, or have exempting qualifications.

Post One: (Ref. C.690/51A) Production planning of chemical and
mechanical propulsion units (rocket motors, pulse jet engines, etc.),
ancillary equipments (fuel and booster pumps, mixing and pressure
valves, igniters, etc.). A knowledge of solid and liquid propellants

is required together with experience of sheet metal fabrication,

Post Two: (Ref. C.691/51A) Production planning of Guidance
equipment (electronic, air and ground guidance apparatus; valves,
fuses, test gear) and Control equipment (mainly gyroscopic and
servo-mechanisms) for guided weapons. Candidates should
preferably have experience on miniature and sub-miniature equip-
ment, and production in the radio industry.

Salary: Within the range £600-900 p.a. Unestablished: periodical
competitions for established pensionable posts. Application forms
from Ministry of Labour and National Service, Technical and
Scientific Register (K), Almack House, 26-28 King Street, London,
S.W.1. Quoting appropriate Reference Number. Closing date
19th January, 1952,

BROOKES CRYSTALS

LIMITED
10 Stockwell Street, Greenwich, London, S.E.I10

Phone : Grams: Xtals, Green, London.
GREenwich 1828. Cables: Xtals, London.

22 WIRELESs ENGINEER, JANUARY 1952




— ALL-POWER ——

REGULATED POWER SUPPLIES

Semi-standard designs are

{ mA to 10 amps.

Special units can be made toany

still offer reasonably prompt

Tel : Byfleet 3224/5.

covering output voltages from 0-1 to
2,000 volts and output currents from

tion, and although the demand for our
products is continually increasing we can

ALL-POWER TRANSFORMERS LTD.
CHERTSEY ROAD, BYFLEET, SURREY.

available

specifica-

delivery.

INSULATION RESISTANCE METER

with variable test pressure

Designed for the measurement of high
values of insulation resistance as experi-
enced in modern materials and electrical

components. Completely self-contained
and mains-operated, providing its own
D.C. test pressure. All essential voltages
stabilised, giving constant readings even
with fluctuating mains voltages as experi-
enced under  industrial conditions.

“MEGOHMMETER"’
MODEL RM I175—LZ

Complete protection provided for the
indicating meter against accidental over-
loads as may be caused by a breakdown of’
the test sample or by selecting an incorrect
range. Terminal leakage has been com-
pletely overcome by the use of a special
guard circuit, brought to an external
terminal, enabling external extension leads
or test fixtures to be conveniently connected.

RESISTANCE RANGE: 0-9 megohm to 10 million
megohms. Basic range of scale, 9 to 500 megohms.

TEST PRESSURE: Continuously variable from 0 to
1000 V.D.C

DIMENSIONS AND FINISH: 22" H” x 8
steel cabinet finished in black-crinkle lacquer fitted
with sloping front panel of silver anodised aluminium.

SET OF VALVES: Two ME 1400, one 6X5G, one
65N7G, one US0, one HVR2, one EASO.

WEIGHT: 44 lbs.

SENSITIVE PANEL MOUNTING METERS

SIZE 24" ki L
RANGE 25uA 10uA 10uA
to to to
S0A S0A 50A

Prices on application

Available for immediate delivery from our
Stockists, M.R. Suppues, Ltd., 68 New
Oxford Street, W.CI,. or write to

BRITISH PHYSICAL LABORATORIES

HOUSEBOAT WORKS - RADLETT - HERTS - Telephone: RADlett 5674-5-6
L= ____————— —___ e  — ———— ————— - — -]
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WORLD’S GREATEST BOOKSHOP

. * FOR 8OOCKSS

New and secondhand Books on every subject.
Stock of over 3 million volumes.
119-125, CHARING CROSS ROAD, LONDON, w.C.2
Gerrard 5660 (16 lines) % OPEN 9—6 (inc. Sat

\
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A Lab y Assistant ired of taking charge of
clectrical and electronic equipment for a Guided Missiles Project.
Duties will include calibration and minor repairs of instruments.
Applicant with the necessary experience will also control Sub-
standard Room and undertake design of laboratory equipment.
Full particulars to Box 4611, cfo Wireless Engineer.

Belling & Lee, Ltd,, Cambridge Arterial Road, Enfield, Middlesex,
require Research Assistants in connection with work on electronic
components, fuses, interference suppressors and television aerials.
Applicants must be graduates of the I.LE.E. or possess equivalent
qQualifications together with similar laboratory experience. Salary
will be commensurate with previous experience. Applications must
be detailed and concise, and will be treated as confidential.

Technical Assistants required for interesting laboratory and field
work connected with Guided Missiles Project. Applicants to be
between 20 and 35 years of age with, at least, National Certificate
(Electrical or equivalent. Experience of R.F. technique up to
500 mc. would be an advantage. Full particulars to Box 4612, c/o
Wireless Engineer.

The General Electric Co., Ltd., Brown's Lane, Coventry, have

ci for Develc s. Senior Development
Engineers, Mechanical and Electronic, for their Development
Laboratories on work of national importance. Fields include

microwave and pulse applications. Salary range £400-£1,250 per
annum. Vacancies also exist for Specialist Engineers in component

A vacancy exists for a Broad Receiver E experienced
in mechanical as well as electrical design in this field and capable
of taking full responsibility for the design of individual radlo

design, valve licatons, electro- ] devices and small ; : ; ;
&, The Ce " Laboratories provide excellent receivers. Salary in accordance with qualifications. Apply in
working conditions with social and welfare facilities. Superannuation confidence to Box 5839, c/o Wireless Engineer.
Scheme. Assistance with housing in special cases. Apply by letter
stating age and experience to The Personnel Manager (Ref. CHC.).
A vacancy exists for a Senior Radio Engi with hanical as

Radio Mechanics required for work on centimetre equipments at
Stanmore. Previous experience essential. Progressive staff positions.
Five-day weck. Write giving full details of age, experience and
qualifications to the Staff Manager (Ref. GBLC/G/46) Research
Laboratories of the General Electric Co., Ltd., North Wembley,
Middlesex.

WAYNE KERR require seven.l engineers for design and development work on
The is varied and ranges

S-band osclllators and Q- meﬁeru to H.F. Bignx.l Qenerators, Audio Tone Saurees.
and pi D.C Then is a pl.rﬂculm' need for a senior
engineerwlt.hagooddaegreemda of who wil}
take a leading part in the laboratory and who will qualify for a salary in the
rmge moo-u.‘zw The salaries for the remn.lnlng posts are in the range 4600~

and e . Write to The Technical
é)lrector. Wayne Kerr Laboratorles, Ltd Bycamore QGrove, New Malden

arrey.

Planning Engineers with jig and tool design and cstimating
experience required for Flectronics Division of E, K. Cole, Ltd.
Malmesbury, Wilts. stating age,

Apply Personnel Manager.

experience and salary required.

well as electrical design experience to take charge of the Broadcast
receiver design group of a leading Radio Manufacturer. Appli

will be required to produce evidence of responsible experience and
successful development work in this ficld. A salary will be paid in
keeping with the importance of the appointment. Apply in
confidence to Box 5840, c/o Wireless Engineer.

Design Engineers. (Ref. 862A )required by The English Electric
Co., Ltd., Luton, for work on flight simulators in connection with
guided weapon development. Degree or H.N.C. essential and
previous experience of electromechanical and electronic analogue
computing desirable. Applications stating age, technical qualifica-
tions and experience to Central Personnel Services, 24 Gillingham
Street, London, S.W.1., quoting reference.

Electrical engincer, preferably with an honours degree and some
radio or telecommunications experience is required for experimental
work on specialized radio equipment. Apply to the Staff Manager,
(Ref. GBLC/0/274). Research Laboratories of The General Electric
Co., Lid.. Wembiey, Middlesex, giving age and record.

E. K. COLE, LTD. (Malmesbury Division), invite applications
from Electronic Engi s for per posts in Development
Laboratories engaged on long-term projects involving the following
techniques:—

1. Pulse Generations and Transmission.

2. Servo Mechanisms.

3. Centimetric and V.H.F. Systems.

4. Video and Feedback Amplifiers.

5. V.H.F. Transmission and Reception.

6. Electronics as applied to Atomic Physics.
There are vacancies in the Senior Engineer, Engineer and Junior
Grades. Candidates should have had at least 3 years industrial
experience in the above types of work, together with educational
qualifications equivalent to A.M.LE.E. examination standard.
Commencing salary and status will be commensurate with qualifi-
cations and experience. Excellent opportunities for advancement
are offered with entry into Pension Scheme after a period of service.
Forms of application may be obtained from Personnel Manager,
EKCO Works, Malmesbury, Wilts,

Desmncr. prefcrably 24-30 years with good honours degree in
ing, is d for the Drawing Office of the
Slanmore Laboratories of The General Electric Co., Ltd., for work
associated with Guided Missiles and Airborne Radar Equipmcnt.
An excellent opportunity for a capable man possessing initiative and
originality and with good practical experience and fundamental
knowledge. Electrical experience not essential. Applications should
be sent to the Staff Manager, (Ref. GBLC/284). G.E.C., Research
Laboratories, Wembley, Middlesex, stating age and record.

TELEPHONE ENGINEER required for important techuical commerclal post
in Jarge organisation of world repute. Appointment based on London offers
exccptional opportunities for man. A must have an engi-
neering or scientific degree and thorough experience of carrier technique, Com-
mercial and C.C.LF. experlence would be advnnugeoua Adequate time will
be allowed for f with Company’s
activities, including some months ahrold before mkmg clmrge of new project.
Balary to will t Director level
in strict confidence and shoukd glve full pa.rtlmllnrn of edm'n.tion, experience,
and salary required.—Box 5838, c/o Wireless Engineer.
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Murex

ZIRCONIUM |

as applied to " ¥ T
THERMIONIC
VALVE
MANUFACTURE

-

Zirconium sheet is now available

for use as a getter in thermionic

B s~

valves. It is particularly suitable
for this purpose since it has
continuous gettering properties
from 600°C.

MUREX LTD. (Powder Metallurgy Division) ™ &
LONDON SALES OFFICE: CENTRAL HOUSE

RAINHAM , ESSEX . Rainham, Essex 240
UPPER WOBURN PL. W.C.| . Euston 8265

i b

Recognised as the Most Reliable Valveholders

(B5A TYPES SM5,U. Panel Mounting

All Moulded in Silica-loaded Polystyrene éﬁg ’Lds. Ifhass:s Mounting
BSD TYPES . Panel Mountmg
‘ SM8/UA. Chassis Mounting

Wholesale Enquiries;—CYRIL FRENCH LTD., HIGH STREET, HAMPTON WICK, MIDDLESEX - KIN. 2240
Maaufacturers’ Enquiries:—THE MeMURDO INSTRUMENT CO. LTD., VICTORIA WORKS, ASHTEAD, SURREY
ASHTEAD 3401
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Laboratory Standard B.F.O. Type L.O. 800 and

Portable Model L.O. SO.

B.S.R. Beat Frequency Oscillators
have established themselves
throughout the world as leaders in
their field.

Models are available up to 100 kc at
power outputs of up to 5 watts.
These instruments are distinguished
for their superb engineering and
individual accuracy.

Full technical details and prices
gladly sent on request.

BSR

8
WoucH®

BIRMINGHAM SOUND REPRODUCERS LIMITED, OLD HILL, STAFFS.

OXLEY

AR
DIELECTRIC
TRIMMER

OXLEY DEVELOPMENTS CO. LTD.

ULVERSTON, NORTH LANCS. TEL.: ULVERSTON 3306

—combines with beauty and S
soundness of DESIGN in the t

Widtu 16.0 m/m. Leagth: 22 m m. Height:
1.5 to 8pF—7.5 m,m. 1 8 to 20pF—10m/m.
2 to 26pF—11 m/m. 2 to 32pF—12 m/m.
Law: Straight line capacity. Power Factor:
Less than .001. Insulation: Over 2,000 meg-
»hms Voltage 500 D.C.

WOOLWICH POLYTECHNIC

A course of eight lectures

on
COMMUNICATION THEORY
on Thursday evenings at 7 p.m.
commencing on 17th January, 1952

by
J. E. FLOOD, B.Sc., Ph.D.

and
L. R. F. HARRIS. B.A.
(both of the P.O. Research Station. Dollis Hill)

The course deals with the modern theory of the transmission
of information.

The fee for the course is £1.

Application for enrolment should be made to the Secretary,
if possible prior to the date of the commencement of the course.
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Quest and Test—sy mbols of

Condenser Perfection

SPECIALISTS

THE TELEGRAPH CONDENS

Thc task of the laboratory worker is often
dull: only occasionally do the results of some
original work assume proportions sufficient to
glorify his monotonous routine.

We test all raw materials before approving
them for usc, and test to destruction all new
types developed by the designs department.
These are evervday tasks, but our chemists
also carry out rescarch on new materials which
may result in the adoption of an entirely new
manufacturing technique.

Rescarch can never reach finality: it must
keep abreast — and indecd ahead — of changing

conditions and fresh applications.

IN CONDENSERS SINCE

ER CO. LTD - RADIO DIVISION - LONDON - W.3 -
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PORCELAIN CASED 1Y P}

130 Range includes rat- @‘y

ings wup to 10 VA and
D.C Voltages up to 10

Nprree,

Mica capacitors designed and built to
handle R.F. power are available in a variety
of housings and sizes. The range includes
open clamp construction types and stacked
mica types in porcelain or metal tank
containers.

The standard range of metal tank
types covers four sizes of cast aluminium
containers and is extended with steel and
non-ferrous tanks.

A greatly improved Mark §1 version
of the HUNT-INGRAM (Mycalex product) type
of R.F. Capacitor is now available. Full
details on request.

The very special nature of these
types, however, means that to provide for
efficiency and economy in use, specific designs
must often be prepared to meet individual
needs. HUNTS specialise in such work and
enquiries from designers are most welcome.

MITAL TANK Y Py
L33 ot filled  for
application wchero
the RF . conditions

REGISTERED TRADE MARK
exeded 10 L1 o

UNDS

CAPACITORS

THE TRADE MARK OF RELIABILITY

A. H. HUNT LTD., WANDSWORTH, LONDON, S.W.l8. BATtersea 3I3I.

Estd.

1901

Il’ ”('l’lno
.""l'” ey
s LT

OPTN CLAME CONSTRUCTION A WL
s LT A 175 Reliable AL
alternative 1o oil filled tanhs
where considerable RV, poiwer £
has to be handled in limited -






