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Regd Trade Mark 

AM COVERAGE 

5-220 Mc/s in 8 ranges. CW 
or 400 cis sine/square wave 
modulation. Accuracy L 1%. 
Provision for spot frequency 
calibration. 

FM COVERAGE 

65-120 Mc/s. Accuracy 1%. 
Maximum deviation _i_ 150 Kc/s. 

Sole Proprietors and Manufacturers 

WIDE BAND 

SIGNAL GENERATOR 
Type T.F.M. 

The design of this new Wide Band Signal Generator, 

operating throughout on fundamentals, is the out-

come of considerable research and development work to 

meet the stringent requirements imposed by new fre-

quency modulation and commercial television stations. 

Fully descriptive 
brochure available 

on request 

OUTPUT 

Minimum (about 21tV) to 100 

mV continuously variable with 
decade multiplier. Force output 

250 mV. 

OUTPUT IMPEDANCE 

8012, 20012, balanced 8012 and 
30011 isolated unbalanced 8012. 

OPERATING VOLTAGES 

100-120V, 200-260V, 50-60 c/s 

A.C. mains. 

The frequency bands have 
been chosen in such a manner 
as to ensure maximum con-
venience when servicing and 
aligning T.V. and F.M. 
receivers. 

Provision has been made for 
spot R.F. frequency calibra-
tion. 

Facilities are provided to 
ensure adequate discrimina-
tion throughout the very wide 
frequency band covered by 
the instrument. 

Sine and square wave audio 
frequency modulation pro-
vided. 

The instrument is fitted with 
an R.F. carrier level meter. 

A double-ratio slow-motion 
mechanism, together with 
interpolation dial, enables the 
instrument to be set with a 
high degree of accuracy. On 
the F.M. range an internal 
phasing control enables the 
modulating signal to be 
applied to- the X-plates of an 
oscillograph to produce a 
picture of a discriminator 
response curve. 

DIMENSIONS 

154 x 10.1 x 10 in. approx. with lid 
closed. 

LIST PRICE £89 WEIGHT: 16 lb. approx. 

Y4e AUTOMATIC COIL WINDER ELECTRICAL EQUIPMENT CO LTD 

AVOCET HOUSE • 92-96 VAUXHALL BRIDGE ROAD LONDON • S.W.I 

Telephone: VICtoria 3404 (9 lines) 
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An extremely 
versatile generator 
for time-domain 

measurements 

'GENERAL RADIO' TYPE 139I-A 

PULSE, SWEEP AND 

TIME-DELAY GENERATOR 
The new Type 1391-A Pulse; Sweep and Time-Delay 
Generator performs, individually and in combination, 
all the functions described by its title and performs 
them all well; its excellent performance results from a 
minimum number of compromises in design. Its wide 
ranges and complete flexibility of circuit inter-
connection make it a highly satisfactory pulse 
generator for laboratories engaged in time-domain 
measurements and waveform synthesis. 

The transition times of the output pulses are com-
patible with most present-day oscilloscopes. The 
internal sweep circuit makes it possible to deflect an 
inexpensive oscilloscope by direct connection to the 
deflecting plates, to monitor the output pulse. 

Among its many applications are measurement and 
testing in the fields of: 

Echo ranging Computers 
Radio navigation Telemetering 
Television Physiological research 

DESCRIPTION The Pulse, Sweep and Time-Delay 
Generator consists of the following major circuit 
groups: (1) input synchronizing circuits, (2) delay and 
coincidence circuits, (3) sweep circuits, and (4) pulse-
timing and pulse-forming circuits. 

3 INSTRUMENTS IN I 
PULSE GENERATOR SWEEP GENERATOR 

TIME-DELAY GENERATOR 

This is tail> a comph•te I ime-Domain Measuring 
Instrument, giving the best performance obtainable 
with ultra-modern techniques plus the finest obtainable 
materials and components, backed by over forty years 
manufacturing experience. A very well thought-out 
design, developed over several years, provides the pulse 
specialist with the equipment he has long been seeking. 
SUPERIOR PULSE CHARACTERISTICS: 

Excellent Rise and Decay Times: 0.025 + 0-01 i.isec. 
No Duty-Ratio or Frequency Restrictions on the Pulse. 
HIGH BASIC TIMING ACCURACY: 
Timing Scales are Linearly Calibrated, and accurate 
to 1%. 
WIDE RANGES OF: 

PULSE DURATION: 0-05 Fsec-1•1 
PULSE REPETITION RATE: 0-250 kc. 
TIME DELAY: I µsec-1.1 sec. 
DELAY REPETITION RATE: 0-400 kc. 
OUTPUT IMPEDANCE: 0-600 ohms. 

This is a large instrument, and it is supplied complete with its necessary power supply 
(not illustrated), arranged at choice for bench or rack operation. The Generator proper 
has thirty-six vacuum tubes. Considering its flexibility and completeness the price is 
reasonable—£1,047 net delivered (U.K. only). For complete data see the 13-page 
article in "GENERAL RADIO EXPERIMENTER". for May 1956 (Vol. 30, No. 12), or request 
the latest "G.R." Catalogue '0'. Send your written application to our nearest address, 
please. 

elaube -Kpotts 
76 OLDHALL STREET • LIVERPOOL e VALLEY WORKS HODDESDON 

• Telephone: Central 4641 2 Telephone: Hoddesdon 3007 (4 lines) 
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TENSILE STRENGTH 1\11 I HE 

MAYBE YOU CAN LIFT A SACK OF COAL. THAT'S 

STRENGTH, BUT WHEN YOU'VE BEEN DOING IT 

ALL DAY, THAT'S FATIGUE. 

It has always been an easy matter to show a high Rockwell 

reading of hardness by merely heat treating any one of 

many varied steels. These steels may show up splendidly 

in a tensile test, but are completely worthless on today's 

higher speed machines and heavier stress forming service 

conditions. Why are they worthless? They have no fatigue 

life. Fatigue is a factor which has only received full con-

sideration in recent years. It simply means that metal gets 

tired and gives way under continual stress, as when you 

bend a piece of wire back and forth until it breaks. 

Unbrako technicians constantly strive to achieve the 

perfect balance between tensile strength and fatigue 
resistance. That is why Unbrako use only best quality 

Alloy Steel to their own exacting specifications, and 
make screws to the highest possible standards of 
unvarying precision. At the trouble spot under the 

head (1) Unbrako have a fatigue-

resisting fillet. At the thread 

root (3), fatigue resistance is 

greatly increased by the con-

tinuous closely-knit grain flow 

and rolled thread (2) and super-

ior notch-free surface finish. 

tloubt, Unbrako make the world's 

finest screws and you can specify 

them with confidence. May we 

send you fuller details? 

UNBRAKO SCREWS COST LESS THAN TROUBLE 

THE UNBRAKO SOCKET SCREW COMPANY LIMITED • COVENTRY 
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If you manufacture ELECTRON TUBES 

LU MA supplies material 

e 
Manufacturing all types of 

incandescent, mercury va-

pour, neon and flourescent 

lamps, fluorescent fittings 

and accessories. 

90 % of Luma's production of tungsten and molybdenum 
wire is exported. Luma's wire and coiled filaments for radio valves 
and other uses are sold in more than 40 countries. 

Lumalampan AB runs its own tungsten and molybdenum works in 
order to have these important elements under its own control. 
Modern laboratories maintain an efficient 
production control and ensure progressive technical development. 

Consult LUMA about tungsten and molybdenum wire and coiled 
filaments. Wire is supplied in all dimensions and finishes, e. g. 
black, cleaned or plated, semi-finished rods or finished electrodes. 
Plated wire supplied in the following forms, among others: 
gold-plated tungsten wire, gold-, silver- or nickel-plated molybdenum wire. 

Outstanding properties of LUMA's plated wire:  

impermeable coating with good bond to base metal 
bright surface 
uniform mechanical properties, 

which efficiently prevent oxidation and grid emission. 

The Luma Factory, the largest of its kind in Scandinavia has 
high capacity and short delivery times. 

Our tungsten wire catalogue, in English, German or French, 
will be sent on request. 

LUMALAMPAN AB 
Address: Stockholm 20 Sweden 
Cables: LUMALAMPAN Stockholm 
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MUTUAL ik SELF INDUCTANCE BRIDGE 

Designed for the accurate measurement of either mutual or self 
inductance and resistance in the range 0.001:,tH to 30mH and 
100p, S2 to 300011 respectively. 

All measurements are made in the form of a four-terminal 

network and inductance and resistance of leads and clips are not 
included in the measurement. 

Accuracy within IL. I% frequency 1592cis (w = 10 000) 

Full technical information on this and other Cintel' Bridges is 
available on request. 

1 CINEMA TELEVISION LTD 

A COMPANY WITHIN THE RANK ORGANISATION LIMITED 

WORSLEY BRIDGE ROAD LONDON • S.E.26 

HITHER GREEN 4600 

SALES AND SERVICING AGENTS: 

Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4 

Atkins, Robertson & Whiteford Ltd., 100 Torrisdale Street, Glasgow, 5.2 

17. C. Robinson & Partners Ltd., 122 Seymour Grove, Old Trafford, Manchester 16 

4 I q5(; 



Trequentite' 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: Stou rport-on-Severn, Worcestershire. Telephone: Stou rport Il I. Telegrams: Steatain, Stourport 

S.P.66 
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• CONSTANT BANDWIDTH 

AMPLIFIER 
—3dB at 6.5 Mc/s 

Max. sensitivity 50mV/cm 

• WIDE RANGE TIME BASE 
10 cis to 300 Kc/s 

• X EXPANSION 
up to at least 5 diameters 

• VOLTAGE CALIBRATOR 
I V p.p. square wave ± 2% 

"620" OSCILLOSCOPE 

by TELEQUIPMENT 

TZEQUIPmENT 

A new general purpose portable oscilloscope designed primarily for TV 

and pulse investigation. Developed originally to a G.P.O. specification as 
a TV line monitor, the " 620 " offers an extremely high standard of per-
formance at a reasonable price. The 4" flat faced P.D.A. tube operating at 
2.8 kv gives an extremely fine bright trace enabling full use to be made 
of the wide band amplifier and wide range time base. 
A built-in Voltage Calibrator allows accurate measurement of the input 

signal and an internal sync. separator facilitates locking to line or frame 
pulses of a TV waveform. The whole instrument is contained in an 
attractive hammer finished case and is built to withstand the rigours of 
portable operation. Please write or telephone for full details. 

TELEQUIPMENT LTD 

313 Chase Road, Southgate, London, N.I4 • PALmers Green 7111 
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Two NEW 

Precision 

Instrument 

Tubes 

1 Plate glass screen. 

2 One stage of post deflection acceleration. 

3 Low interelectrode capacitances. 

4 Overcapped pressed glass wafer seal. 

5 Orthogonality of deflection axes ± 1°. 

6 Spot centring. The undeflected spot will fall within a radius 

of 5 mms concentric with the tube face. 

7 Deflection linearity. The plate sensitivity for a deflection 

of less than 75% of the useful scan will not differ from the 
plate sensitivity for a deflection of 25% 

of the useful scan by more than 2%. 

List Price £10. 

9cm close tolerance, high quality instrument cathode 
ray tubes with electrostatic focus and deflection. These 
tubes have the following attractive features:-

4 GP1 
with a green screen having an after-
glow of 100 milliseconds. 

4 GP11 
with a photographic blue screen hav-
ing an afterglow of 1 millisecond. 

RATINGS 

Vh 6.3V 

In 0.5A 

V.4 8kV max. 

V.3 4kV max. 

Sg 

sr 

620 

Va3 

400 
V.3 

mm/V ) 

mm/V 

When 
Va4=2Va3 

TYPICAL OPERATION 

VO4 4.0kV 

V03 2.0kV 

V.2 (focus) 330 approx. V. 

Vgi 2.0kV 
Vg (for cut-off)-67V 

Sg 0.31 mm/V 

Sy 0.2 mm/V 

Line width 0.3 mms. 

Additional technical 
information on these two 
new tubes may be obtained 
from the G.E.C. Valve 
and Electronics Dept. 

THE GENERAL ELECTRIC CO. LTD. MAGNET HOUSE, KINGSWAY, LONDON, W.C.2. 
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THIS instrument consists essentially of 
1- a high-impedance probe unit followed 
by a stable wide-band amplifier and diode 
voltmeter. Measurements may be made 
from 1 millivolt to 1 volt in the frequency 
range 30 c/s to 10 Mc/s. The provision of 
a low impedance output enables the instru-
ment to be used as a general purpose 
amplifier in the frequency range 30 c/s to 
15 Mc/s, or as an extremely sensitive pre-
amplifier for the Airmec Oscilloscope Type 
723. 

• Frequency range from 30 c/s to 10 Mc/s. 

• Voltage ranges 0-10, 0-100, 0-1000 millivolts. 

• Excellent stability. 

• Can be used as an amplifier up to 15 Mc/s. 
• Immediate delivery. 

Full details of this or any other Airmec instrument 

AII1MEC 
LIMITED Telephone: High Wycombe 2060 

HIGH WYCOMBE 

MILLI VOLTMETER Type 784 

(Wideband Amplifier and Oscilloscope Pre-
Amplifier) 

will be forwarded gladly upon requevt. 

BUCKINGHAMSHIRE 

TYPE 5IA 
CARPENTER POLARIZED RELAY 
For circuits employing a polarized relay where a high order of relay stability is required, e.g., 
in aircraft control systems, we are now able to offer the Type 51A Carpenter polarized relay. 

This new "each-side-stable" relay, designed principally for d.c. operation, is a develop-
ment of the Type 5A relay well-known for its high sensitivity, fast operation and relative 
freedom from contact bounce. It has all the good qualities of the earlier model but its perform-

ance is markedly improved due to the fitting of a new form of armature suspension, (see 
illustration below) and provision for adjusting the flux of the polarizing magnets. 

With an operate sensitivity of 2.5 ampere turns (approximately 60 micro-watts) the 5IA 
relay will hold its adjustment between close limits over a fairly wide temperature range. 

This relay is, therefore, offered and recommended as a direct replacement for all existing 
Type 5A relays used in d.c. applications where a higher order of stability and reliability is 
required. 

To learn more about this relay send for Leaflet F.3526. 

ENGLAND 

Cables: Airmec, High Wycombe 

DIMENSIONS (excluding connecting pins or tags). Height: 24 in. Width: 11 in. Depth: in. 

Manufactured by the sole licensees 

TELEPHONE MANUFACTURING COMPANY LTD 
Hollingsworth Works • Dulwich • London - S.E.21 • Telephore: GIPsy Hill 2211 
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Photographs of ̀ Eclipse' magnets are reproduced by 
courtesy of the manufacturers James Neill & Com-
pany (Sheffield) Limited. 

The remarkable efficiency of these `Eclipse' magnets is due to their composite construction, using 

`Araldite' to bond the component parts. The manufacturers of these magnets state that they use 'Araldite' 

because it enables them to produce shapes and sizes otherwise impracticable, to ensure that the magnets 

cannot be taken apart and to avoid bolted assemblies. 'Araldite' provides a bond which is truly permanent, 

and its strength is proved by the fact that facing and boring operations and also grinding are carried out 

after bonding. 

'Araldite' epoxy resins have a remarkable range of characteristics and uses. 

They are used 

* for bonding metals, porcelain, glass etc. 

* for casting high grade solid insulation. 

* for impregnating, potting or sealing 
electrical windings and components. 

'Araldite' 

* for producing glass fibre laminates. 

* for producing patterns, models, jigs and tools. 

• as fillers for sheet metal work. 

* as protective coatings for metal, wood and 
ceramic surfaces. 

epoxy resins 

'Araldite' is a registered trade name 

Aero Research Limited A Ciba Company • Duxford • Cambridge • Telephone: Sawston 2121' 
AP. 264-190 
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Lo- Épatuk/ 
FERRANTI CERAMIC VALVES 

TRIODE TYPE UL10 

Less than 2!'" x 1" max. dia. 

15 kW 

10 kW 

5 kW 

o 

TRIODE TYPE UL10 
RF Output Power under PULSE Conditions 

Pulse Va  4 kV 

Pulse Duration  2 [tsec. 

P.R.F 200 p.p.s. 

rPE
A
K
 
O
U
T
P
U
T
 
P
O
W
E
R
 

FREQUENCY IN Mc's 

1000 1200 1400 1600 1800 

Also suitable for use as C.W. Oscillator or 
Amplifier giving outputs up to 15 Watts at 
frequencies up to 1000 Mc/s. 

All Ferranti Ceramic Valves have the 
following outstanding advantages 

• LONG LIFE e REDUCED DIMENSIONS 

• HIGH PEAK EMISSION • HIGH MECHANICAL STRENGTH 

• HIGH PERMISSI BLE TEMPERATURE OF OPERATION 

2000 

FERRANTI LTD • CREWE TOLL • FERRY ROAD • EDINBURGH 5 
LONDON OFFICE : KERN HOUSE • 36 KINGSWAY • W .C.2. 

10 
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BICC 

For Communal TIV 
Aerial Systems 

BICC make all types of radio frequency cables 
for communal television aerial systems in flats, 
hotels, television showrooms, hostels and hospitals. 

Typical of the most popular range is a cable 
having an inner conductor of copper wire, insulated 
with cellular polythene dielectric and lead alloy 
sheathed, thus giving excellent screening properties 
with low attenuation. For certain situations a pro-
tective P.V.C. oversheath may be provided. 

Further details are given in Publication TD T 23 
—available on request. 

CELLULAR POLYTHENE 

RADIO FREQUENCY CABLES 

BRI TISH INSULATED CALLENDER'S CABLES LIMI TED, 21 BLOOMSBURY STREE T, LONDON, W.C./ 
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Consistency of Performance 

Toroidally Wound Power Potentiometers 

Carbon Composition and Wirewound Potentiometers 

Panclimatic High Stability Carbon Resistors 

Insulated High Stability Carbon Resistors 

High Voltage Composition Resistors 

Welmet' Metal Film Resistors 

Vitricon' Miniature Vitreous Enamelled Capacitors 

The conquest of the air is no small battle, and those who 

plan it are seasoned campaigners—like the Bristol Aeroplane Company. 

When this famous firm carry out flutter investigations on their 

aircraft they use an analogue computer of great speed 
and accuracy. It is, in fact, a test within a test for the exactitude 

of its components—not the least of which are 5,000 Welwyn 

high stability carbon resistors and vitreous enamelled 

wirewound resistors. Chosen for their proven 

features, these Welwyn resistors have proved their 

absolute reliability in the hardest possible trial. 

oMANUFACTURERS OF 

W E LWYN 
ELECTRICAL 
COMPONENTS 

WELWYN ELECTRICAL LABORATORIES LIMITED BEDLINGTON • NORTHUMBERLAND 

12 

Canada: Welwyn Canada Ltd., 1255 Brydges Street, London, Ontario 

U.S.A.: Welwyn International Inc., 3355 Edgecliffe Terrace, Cleveland II, Ohio 

On Admiralty, Ministry of Supply (AID. Approved) and Post Office Lists 
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A complete service 

to Research and Industry 

Design and development of instruments, micro-
wave components and equipment. 

Manufacturing capacity for prototypes and batch 
quantities. Full A.I.D. approval. 

Specifications accepted at any stage and translated 
into your final requirements. 

Investigations of dielectric materials over a wide 
range of temperature and frequency. 

Specialist experience available to undertake com-
ponent measurements. 

Microcell Electronics 
A DIVISION OF MICROCELL LIMITED IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2 

TELEPHONE: BISHOPSGATE 6801 

M1C 7899 
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Type P 50 Plug 
Cylindrical bakelite case. 
Nickel plated metal parts. 
Ideal for amplifiers and 
other applications where 
concentric cable is used. 

Midget Jack. P 73 
Moulded bakelite. Suitable 
for switching-in high fre-
quency circuits. Capacity 
between springs eliminated. 
Silver contacts, one hole 
fixing, perfect contact. 

reliability pjete delivery 

Igranic Plugs and Jacks have always 
had a justifiable reputation for 
dependability. For radio, television, 
office appliances and the hundred and 
one industrial plug-in applications 
demand has hitherto outstripped supply. 
NOW, with increased production 
facilities, Igranic Plugs and Jacks are 
available again for manufacturers to 
whom only the best is good enough. 

Type P 40 Plug 
Moulded bakelite. Nickel 
plated metal parts. Especi-
ally suitable for extension 
speakers, headphones and 
similar application. 

IGRANIC ELECTRIC COMPANY LIMITED HEAD OFFICE & WORKS BEDFORD 
London and Export Office VICTORIA STATION HOUSE 191 VICTORIA STREET LONDON SWI GRAMS IGRANIC LONDON 

Bran_h Offices BIRMINGHAM BRISTOL CARDIFF EAST ANGLIA GLASGOW LEEDS MANCHESTER NEWCASTLE SHEFFIELD 

A METAL INDUSTRIES GROUP COMPANY 

0 11 1111111111111111111111111111,111111111111111111111111111111111111111111111111111111111111111,11111111111111111111111111111111,1111111,1111111,111111111111111111111111111111111111111111111111111111111111111111MR 

FORTIPHONE 

SUBMINIATURE A.F. TRANSFORMERS 

PROTOTYPE SERVICE FOR 

EQUIPMENT DESIGNERS 

Prototypes of special windings can be 
supplied quickly at a nominal development 
charge. It is recommended that designers 
first establish the approximate circuit re-
quirements with a multi-ratio transformer 
(such as types MM-IA or B), and then take 
the nearest of the 36 single-ratio standard 
windings (samples are available from 
stock). 

Having established the limiting values 
for size, inductance, d.c. saturation or 
resistance, as the case may be, a discussion 
with our engineers is helpful in arriving 
at an optimum design, and the most 
suitable finish. 

Details of this prototype service, with 
design notes on transformers and trans7 
ductors, and data on our standard range, 
will be sent on request. 

FORTIPHONE, LTD.— COMPONENT DIVISION 

92, Middlesex Street, London, E.1. 

C11111111111,1111111111111i1111111111111111111111111111111111111111.1111111111111111111111111111111111111111111111111111111111M111111111111111111111111111111111111111111111111111111111111111111111111111111à 
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I I " 84" 126 pp. 

4s. 6d. net 
BY POST Ss. Id. 

IGI52/P2842 

Comprehensive, up-to-date... 

operating characteristics of 

over 2,800 valves & C.R. tubes 

5th EDITION NOW READY 

VALVE DATA 
Compiled by "Wireless World" 
Gives in tabular form the 
characteristics of approximately 
2,500 types of British and Ameri-
can valves and of 37 transistors 
for radio, telecommunications 
and electronic circuits, together 
with particulars of over 300 cath-
ode ray tubes. 
The main tables give the electri-
cal characteristics of each valve, 
and include a key to the valve 
base connections of which there 
are 19 pages of diagrams. The 
main tables further classify the 
valves into current, replacement 
or obsolete types as recom-
mended by the makers. 

from all booksellers 

Published for "Wireless World" by Ili( fe and Sons Limited 

DORSET HOUSE • STAMFORD STREET • LONDON SEI 
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Specially designed for use in 

domestic Radio & Television 

receivers, these miniature rec-

tifier stacks have an established 

position with manufacturers to 
whom reliability, small dimen-

sions and low costs are impor-

tant. 

RMI RM2 RM3 RM4 *RMS TYPE RMO 

Maximum ambient temperature 
Maximum output current (mean) 
Maximum input voltage (r.m.s.) 
Maximum peak inverse voltage 
Max. instantaneous peak current 
Weight   

35°C 55°C 35°C 55°C 35°C 55°C 35°C 55 C 40°C 55°C 4Cr'C 55°C 
30mA 15mA 60mA 30mA 100mA 60mA 120mA 90mA 250mA I25mA 300mA 150mA 

I25V 125V 125V I25V 250V 250V 
350V 350V 350V 350V 700V 700V 

Unlimited Unlimited Unlimited Unlimited Unlimited Unlimited 
0.82 on. I on. 1.4 oz. 2 oz. 4.5 oz. 4.75 oz. 

• For use In voltage doubler circuits he peak inverse and maximum input voltages are halved, current output being as far null wave operation. 

• Instant starting—no warming-up period 

• Unlimited instantaneous overload 

• No limit to size of reservoir capacitor 

• Simple mounting—no valve holder 

• Withstand overloads such as charging 

current of de-formed electrolytic capacitors 

• Low heat dissipation 

• Practically indestructible in service 

e Simple wiring—two connectors only 

e Small size ... low weight 

• Low cost 

W IRELESS E NGINEER, 

SELENIUM 

genPrCel 
RECTIFIERS 

Standard Telephones and Cables Limited 
Registered Office: Connaught House, Aldwych, London, W.C.2 

RECTIFIER DIVISION: EDINBURGH WAY • HARLOW • ESSEX 

Telephone : Harlow 26811 Telegrams : SenTerCel, Harlow, Essex 
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BR. 1102 specially designed for 

R.F. HEATING 

BR.I.ro2 is a power oscillator for R.F. generators 

up to 50 kW. Being robust and capable of withstand-

ing severe overloads, this valve is the popular 

choice for works and factory use. 

EIIIGMH ELECTRIC VALVE CO. LTD. 

Full particulars of this valve and 

its water-cooled counterpart are 

available on request. 

( 
( 

( 

( 

( 

Waterhouse Lane, Chelmsford 

Telephone: Cheltnsford 3491 

AP 300.44 
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RATING UP TO 2 kW 

FREQUENCY RANGE .....2 Kc's to 2 Mc s 

H.F. 
POWER 
TRANSFORMERS 

H.F. power transformers of outstanding effi-

ciency are the latest additions to the Mullard 

range of high quality components designed 

around Ferroxcube magnetic cores. 

Utilising the unique characteristics of Ferrox-

cube to the full, Mullard H.F. transformers are 

smaller, lighter, and less costly than trans-

formers using alternative core materials. These 

advantages are particularly marked in trans-

formers required to handle powers of up to 2kW, 

between the frequency range 2kc/s to 2Mc/s. 

Mallard transformers are already finding wide 

use in applications as diverse as ultrasonic H.F. 

power generators and aircraft power packs 

operating from an aircraft's normal A.C. sup-

ply. In the latter application, the low leakage 

field of Ferroxcube can eliminate the need for 

external screening, thereby reducing the size 

and weight of the transformer even further. 

As with all Mullard high quality components, 

these H.F. power transformers are designed and 

built to engineers' individual specifications. 

Write now for details of the complete range of 

components available under this service. 

Mullard 111u.Uardi 
, 

`Ticonal' permanent magnets 

Magnadur ceramic magnets 

Ferroxcube magnetic cores 

MULLARD LTD • COMPONENTS DIVISION • CENTURY HOUSE • SHAFTESBURY AVENUE • WC2 
MCIA 

18 W IRELESS ENGINEER, OCTOBER 1956 



WIRELESS 
ENGINEER 

V01.33 OCTOBER 1956 No. 10 

National Radio Exhibition 

H
ELD at Earls Court from 22nd August to 
1st September, the National Radio Ex-
hibition was, as usual, confined chiefly 

to a display of domestic receiving equipment. 
Television was naturally the most obvious feature 
of the exhibition, but sound receivers were very 
prominent, and among them sets for v.h.f. recep-
tion of f.m. broadcasting were common. There 
were, of course, other exhibits. A few component 
manufacturers were showing, some test equip-
ment was displayed and there were quite a 
number of electronic items. In none of these 
fields, however, were the displays as representa-
tive of the industry as they were in broadcast 
apparatus. 

It is, perhaps, natural that since the exhibition 
is one for the public there should be no great show 
of technicalities. The stress is on appearance and 
performance and it was more difficult even than 
usual to see what the inside of a set looks like. 
There were a few exceptions, of course, and for 
example, Pam were making a feature of the 
chassis of one of their television sets, because it 
embodies a great amount of printed circuitry. 
Two such assemblies are used and together they 
cover the greater part of the i.f. amplifiers and 
the timebases. The tuner is a separate unit which, 
together with the two printed panels, is carried 
by the main chassis framework; this also holds 
the main power-supply components, variable 
resistors and the larger transformers. 

Generally speaking, however, chassis were 
exhibited but rarely and the general visitor could 
see little but the cabinet styling and the picture. 
The use of 21-inch tubes has become general and 
few firms did not show at least one model of this 
size. The 17-inch tube, however, is probably the 
most popular and the 14-inch is very common. 
Tubes smaller than this are now almost completely 
obsolete for domestic television, save in one 
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particular application. This is the portable set. 
Ekco have one, which was first shown last year, 
with a 9-inch tube and provision for Band II f.m. 
reception, which can be operated from a car 
battery. Spencer-West also have a 9-inch model 
for a.c. supplies which is intended perhaps less as 
a true portable than as an occasional receiver for 
the nursery or the sick room. Murphy showed 
last year a set of this character having a 12-inch 
tube and this model is being retained. The Pye 
version has a 14-inch tube and an aerial plugging 
into the top of the case. 

In all these portable sets the cabinet styling is of 
a simple functional type which is perhaps more 
properly described by the word case than cabinet. 
Everywhere else, however, the polished wood 

Under view of chassis of Pam 'printed circuit' television 
receiver. 
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cabinet holds pride of place. Bush have a 14-inch 
model with a moulded bakelite case, but the same 
chassis is available at a higher price in the more 
conventional wooden cabinet. This firm has for 
a good many years favoured the bakelite case, 
and in the past has produced both 9-inch and 
12-inch tube models. 
There is a definite tendency this year to place 

the occasional controls in a more accessible 
position. Instead of being tucked away at the 
back, they are now often placed at the side and 
sometimes, even, on the front. The main 
controls, station selector, fine tuner, brightness 
and volume, are usually on the front. However, 
the introduction of table models with a 21-inch 
tube has resulted in these controls being quite 
commonly moved to the side of the cabinet, so 
that the frontal area can be reduced. 
Remote control has appeared in a few cases. 

Ekco have a small unit containing brightness and 
volume controls which is connected to the set by 
a cable; it can be plugged in at will without 
circuit alterations. Philco have a more elaborate 
system which permits remote station selection; 
in this a pecking motor is used to control the 
turret tuner. 

Television Circuits 
In the general form of circuitry, television sets 

are exhibiting a marked tendency towards 
standardization. This is, of course, only in 
broad outline for there are many detailed 
differences between the products of different 
manufacturers. The tuner is invariably a sub-
unit with a double-triode cascode r.f. amplifier 
and a triode-pentode frequency-changer. A 
single tuned circuit is used for the aerial-feeder-to-
first-grid connection and a coupled pair of circuits 
between the r.f. stage and the mixer. The 

G.E.C. console with 21-inci,, tube. 
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oscillator is based upon the Coipitts circuit and 
there are thus four tuned circuits which require 
alteration for station selection. 

21-inch tube, 
Band II f.m. 

Philco receiver with remote control and 

The turret tuner is the favourite. Each coil 
assembly forms a separate 'biscuit' mounted in a 
rotating framework so that the required biscuit 
can be brought round to a set of spring connectors. 
An advantage of the turret is its great flexibility, 
for the biscuits are readily changed. Some twelve 
can normally be fitted, but as only _a few are 
necessary for British television, there are sufficient 
blanks to enable Band II coils to be fitted. The 
television set lends itself to v.h.f. sound broadcast 
reception and quite a few are arranged for it. 
Five Band I coils may be fitted with two or three 
Band III and three for Band II. 
An alternative to the turret is the incremental-

inductance tuner. In this some twelve coils are 
connected in series and the appropriate ones are 
short-circuited by a multi-way switch. Most of 
the coils are of very small inductance, merely 
enough for their insertion to shift the tuning by 
one channel. This scheme finds a number of 
supporters, including H.M.V. and Pye. Still 
another method is adopted by Bush. Virtually 
continuous tuning with ganged dust-iron cores is 
adopted; there are two sets of coils, one for each 
band, with a change-over switch. The control, 
however, is by a cam with a clicker mechanism. 
So far as the user is concerned, therefore, all 
three methods result in his having a control knob 
with some twelve definite positions for the various 
channels. 

All these tuning methods were adopted last 
year, if not before, and there is no obvious change 
in any of them this year. Detail refinement has 
taken place, however, mainly in improving 
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signal-noise ratio and uniformity in production. 
Nearly everyone has now adopted the standard 

intermediate frequencies of 34.65 Mc/s for vision 
and 38.15 Mc/s for sound. The general practice 
is to use coupled pairs of circuits in both amplifiers 
with trap circuits for rejecting the sound signal. 
Three i.f. stages for the vision channel and two 
for the sound are quite common, but some makers 
adopt a stage less. There is, perhaps, a tendency 
for the greater number to be used by those makers 
who do not market special fringe-area models. 

Detectors are invariably diodes, either valve 
or crystal, and the sound-channel ignition-inter-
ference suppressor is also a diode. The vision-
channel suppressor may also be a diode but there 
is quite a tendency to include a triode arranged 
as a black spotter. It is usually fed with the 
video signal at its cathode and so biased that it 
is non-conductive until the signal level exceeds 
peak white. It then conducts on interference to 
produce an output signal at its anode in the same 
phase as the interference in the video output and, 
because of the amplification, at a somewhat 
greater level. The signal proper is applied to the 
cathode of the c.r. tube and the triode output to 
the grid; the net result is that the triode output 
tends to predominate in its effect on the tube and 
the interference tends to produce a black spot 
rather than a white one, hence the name black-
spotter. 

Pye V 17 JIG with 17-inch tube. The sound receiver covers 
medium and long waves as well as Band ¡land gramophone 

equipment is housed behind the doors on the right. 

The video arn— plifier is invariably a pentode. It 
is becoming increasingly common to add to it a 
cathode-follower, however. This is done partly 
to obtain a lower output impedahce, and partly 
because it results in an increase of amplification. 
This comes about because the input capacitance 
of the cathode-follower is much less than that of 
the c.r. tube plus sync separator plus wiring. 
Consequently, the coupling resistance of the 
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pentode stage can be increased to such a degree 
that the higher gain there more than offsets the 
loss in the cathode-follower itself. 
On the sound side a pentode output stage is 

usual, but in some of the larger sets more atten-
tion is being paid to sound quality. A Pye radio 
cum television cum gramophone set has no less 
than four loudspeakers. An H.M.V. model has 
two and is very unusual in that provision is made 
for the bass speaker to be mounted on either 
side of the cabinet so that the side which best 
suits the room acoustics, can he chosen. 

Bush VIII: 61, covering medium and long waves and 
Band II. 

For the line timebase the so-called economy 
circuit with boost diode is universal. A few 
makers adopt the direct-drive system, but most 
include an auto-transformer for feeding the 
deflector coils. The pentode output valve is 
driven either by a blocking oscillator or a multi-
vibrator. It appeared last year that there was 
a strong tendency towards the general adoption 
of flywheel sync. This year's practice hardly 
supports this, however; most, if not all, of those 
manufacturers who adopted it last year have 
retained it this, but few others have changed 
over to it. 
The fact is that flywheel sync is a necessity 

in British television only under fringe-area 
conditions, and many people consider that the 
simpler direct-locking method is preferable when 
interference is not serious. It is, of course, also 
cheaper. Some firms, therefore, consider it 
desirable to market two models, one of moderate 
sensitivity with direct-locking for service-area use 
and another of high sensitivity with flywheel sync 
for fringe areas. 

Other firms think it better to have only a 
single model and so find it necessary to include 
flywheel sync to cater for difficult receiving 
conditions, although it is not necessary for the 
easier ones. 
Murphy is one example of a firm which follows 

the two-model policy. The normal sets have only 
two i.f. stages in the vision channel and direct-
locking of the line timebase. The fringe-area 
models have three stages and flywheel sync. 
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For the frame timebase a blocking-oscillator or 
multivibrator sawtooth-generator is invariably 
used and is followed by a pentode output stage 
feeding the deflector coils through a transformer, 
or sometimes an auto-transformer. The well-
known RC feedback circuit is still a favourite for 
securing linearity of scan. Synchronizing methods 
vary considerably but there is certainly a tendency 
to favour ones which embody some measure of 
integration of the frame sync pulses. The simple 
integrator, however, is hardly ever used. 
Power supplies are usually simple and straight-

forward, a.c./d.c. technique being general. Valve 
heaters are connected in series and a half-wave 
rectifier supplies the h.t. through a simple 
smoothing circuit involving very large capacit-
ances and a single choke, or even resistance. 
The e.h.t. supply is invariably taken from the 
flyback of the line timebase and supplies of up to 
some 17 kV are obtained for large tubes. Some 
firms, for example Ekco, connect a Metrosil unit 
across the e.h.t. supply to obtain a degree of 
voltage stabilization, but this is not the general 
practice. 
There is a tendency for the focus magnet to 

disappear. Some of the larger tubes are being 
made with partial or complete electrostatic 
focusing. In some cases the control is pre-set or 
non-existent, but it can be a conveniently-placed 
potentiometer instead of the rather inaccessible 
lever which adjusts the permanent magnet of the 
more conventional set. 

Ekco A 274 Band II f.m. receiver. 

F.M. Reception 
It was said earlier that the television set lends 

itself well to f.m. reception of Band II broad-
casting. In part this is because the sound i.f. 
amplifier is normally of about the right band-
width for f.m. Provision for f.m. reception 
requires merely the addition of a discriminator 
and a pair of diodes to act as a ratio detector. 
There is, of course, some switching complication. 
Basically, this is merely a changeover switch to 
connect the a.f. amplifier to the appropriate 
detector. However, it is usually desirable to put 
the purely vision side of the apparatus out of 
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action when only Band II reception is needed, 
and some power-supply switching is thus included. 
All these switches are mechanically linked with 
the turret tuner so that operating the station-
selector control automatically makes all the 
required circuit changes. 

Cossor 543 poi tabl< , using a printed circuit. 

Apart altogether from television, receivers 
equipped for Band II reception are growing in 
numbers. The basic arrangement is unchanged 
from last year. This is a standard medium- and 
long-wave receiver having a triode-heptode 
frequency-changer, one i.f. stage at around 
465 kcis, diode detector and one or two audio 
stages. For Band II, 10-7-Mc/s i.f. transformers 
are added and a ratio detector. The oscillator is 
put out of action, and the heptode section of the 
valve turned into an extra i.f. stage. All this is 
preceded by a Band II tuner comprising a double-
triode of which one section functions as a mixer-
oscillator and the other as a cathode-input r.f. 
amplifier. There are, of course, various detail 
differences between sets, but almost all use this 
basic arrangement. A few sets, rather more than 
last year, give Band II reception only, notably 
Ekco, who have three such models. 

Aerials 
Broadcast sets do now generally include internal 

aerials. The use of a ferrite-rod aerial for the 
medium and long wavebands is very common 
and either a compressed dipole or a capacitance 
plate for Band II. Provision for the connection 
of an external aerial is made, for the internal 
ones can naturally be wholly satisfactory only in 
areas of high field strength. 
For television, internal aerials are not common, 

although some of the portable types have rod or 
similar aerials attached to them. In one form or 
another, however, the loft or outdoor dipole 
reigns supreme and is generally combined with a 
reflector and, possibly, one or more directors to 
form a Yagi. 
Most of the complications arise from the need 

for an aerial to operate on both Bands I and III. 
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A favourite arrangement of the simpler type is a 
Band I dipole fitted with stub elements which, in 
effect, make it resonant in both bands. To this 
are added a Band III reflector and one or two 
directors, so that the assembly functions as a 
simple dipole on Band I and as a Yagi on 
Band III. 
An alternative is adopted by J.B. Aerials, for 

in this there is a square frame with sides of a length 
resonant in Band III. This is mounted vertically 
and broadside on to the transmitter, and it is fed 
at the middle of the top and bottom elements 
through V arms, also resonant in Band III. At 
these junctions of the square and V vertical 
Band I rods are fitted. 
A disadvantage of the conventional form of 

aerial is that the average loft is not large enough 
to contain a Band I array. Commonly some form 
of compression, such as by bending the ends, is 
used, but this naturally reduces the efficiency 
somewhat. A new form is the Labgear Bi-Square. 
There are two rods spaced a quarter-wave apart 
each bent to form a square one wavelength in 
periphery. One square is mounted broadside on 
to the transmitter and the other is behind it to 
act as a reflector. The driven element is fed at the 
centre of one of the vertical sides (for vertical 
polarization), and the reflector has a stub 
connected in series with each of its vertical sides 
at their centres in order to provide proper 
phasing. 
For Channel I the dimensions are roughly 5 ft 

square and 4 ft back to front, the impedance is 
75 û and it is claimed that the gain is 12 dB over 
a plain dipole. 

Coaxial cables are probably the commonest 
form of feeder, but 7542 and 30042 twin-wire 
feeders are sometimes used. Two new, and 
rather specialized, types have been introduced by 

FERRITE 
AERIAL 

Aerialite. One is a normal 7542 coaxial cable, 
but with a galvanized-steel wire embedded in the 
outer p.v.c. covering to act as a mechanical 
support on a long run. The other is again a more 
or less normal coaxial cable, but with polyethy-
lene over the outer conductor and a second outer 
outside this. It is thus a double-screened coaxial 
cable and is intended for use where exceptionally 
good screening is needed. 

H.M. V. 1360 transportable for a.c.ld.c. operation, covering 
long, medium and short waves. 

Transistor Applications 
To return to receivers, several portables have 

made their appearance in which the transistor has 
completely replaced the valve. Printed-circuit 
technique has also been introduced for them. 
The Pam 710 has in all eight transistors. There 
are a separate oscillator and mixer, two i.f. 
stages at 315 kc/s, a detector, an a.f. stage and a 
push-pull output stage. The i.f. stages are 
neutralized. Transformer coupling is used to the 
output stages but not from it, for the loud-
speaker has a centre-tapped speech coil of some 

12042 impedance. The 
—6V battery supply is at 

6V. 
The Cossor transistor 

set is somewhat differ-
ent and has six 
transistors, the first 
functioning as a mixer-
oscillator. There is only 
one i.f. stage, at 460 
kc/s, and there is an 
a.f. stage followed by 
a pair of drivers for the 
push-pull output stage. 
The transistor is also 

being widely used in 
portable record repro-
ducers. A 6-V dry 
battery not only pro-
vides power for the 
amplifier but operates 

T  AAA,— —I•sv the motor-driven turn-
table for 45-r.p.m. 

Circuit of frequency-changer used in the Pam transistor portable. 
It is a transistor equivalent of the one-time common two-valve 

arrangement with cathode injection of the oscillator voltage. 
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records. Cossor, Philco, Philips, Pye and Vidor 
all showed examples of this type of equipment. 

Mullard demonstrated some of the things to 

Ferguson 377 RG radio-gramophone with thrce loudspeakers. 

come in possible future applications of the 
transistor, the apparatus shown including types 
of transistor not yet on the market. One was a 
class A push-pull amplifier with an output of 4 W 
at less than 0.4% distortion and a power supply 
of 12 V. Another. was a Band II f.m. receiver 
utilizing an avalanche transistor as an r.f. 
oscillator, its tenth harmonic being picked out for 
frequency-changing purposes. 
Much more in accord with the present, and a 

thing which is more practicable as a production 
possibility of today was a car-radio receiver using 
push-pull transistors for the output stage and a 
12-V power supply. The early stages were all 
valves, but valves developed to operate with a 
12-V h.t. supply. This arrangement thus com-
bines the power efficiency of the transistor for the 
output stage with the efficiency of the valve at 
high frequencies, and has the merit of making any 
h.t. supply equipment unnecessary. It is a line of 
attack of particular interest. 

MICROWAVE AERIAL TESTING AT 
REDUCED RANGES 

By David K. Cheng 
(Electrical Engineering Department, Syracuse University, Syracuse, New York) 

SUMMARY.—The far-zone distance needed for taking radiation patterns of microwave aerials 
with large aperture dimensions at very high operating frequencies is often not available on an average 
test site. It is a general practice in such cases to defocus the primary source along the principal axis of 
the reflector by a small distance so that Fraunhofer patterns may be simulated in the Fresnel zone. 
This paper presents three different approaches with which the proper amount of defocus may be 
determined. The results are plotted and compared. 

Introduction 

IN testing microwave aerials, it is essential that radiation-pattern measurements be made in 
the far zone (Fraunhofer region) of the aerial 

assembly. While there is no clear-cut boundary 
line between the far zone and the quasi-near zone 
(Fresnel region), the usual rule-of-thumb criterion 
is that 2D2/A represents a safe far-zone distance, 
where D is the maximum dimension of the aerial 
aperture and A is the operating wavelength. At a 
distance of 2D2/A the maximum path-length 
difference between the contribution from the edge 
of the aperture and that from the centre corres-
ponds to ir/8 or 22.5°. In practice, an un-
obstructed open space with a dimension of 
2D2/A is often not available for testing high-gain 
aerials operating at microwave frequencies. For 
example, the 2D2/A distance for a 10-foot aerial 
at 3 cm would be about 2,030 feet. Higher gain 
requirements would demand even larger test 
sites. The need for the technique of testing 
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microwave aerials at a closer distance with accept-
able accuracy is therefore both real and urgent. 

This paper begins with a résumé of the method 
used in contemporary practice of defocusing the 
primary feed in order to make radiation-pattern 
measurements at reduced ranges. Two new 
approaches, one from the consideration of the 
aperture phase and the other from the consider-
ation of an ellipsoidal reflector, are then presented. 
Formulae relating the proper amount of defocus 
and the distance of measurement are given and 
the results obtained by the three different methods 
are critically compared. 

Geometrical Approach 
It is a well-known fact that, for a given primary 

source of excitation, a best radiation pattern will 
be obtained from a paraboloidal reflector at a 
field point in the far zone when the source is 
located at the focal point of the reflector. Geo-
metrically this may be explained by equal path-
length from the source to all points in an aperture 
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plane by virtue of the inherent property of a 
focused paraboloid. If the field point is far enough 
away from the reflector, the path-lengths from 
the aperture points to the field point will again 
be approximately equal, resulting in an optimum 
additive effect. When the field point lies in the 
quasi-near zone, the path-length differences 
from the points in an aperture plane to the field 
point must be compensated in some way in order 
that the measured radiation pattern may approach 
the true far-zone pattern. This is done by slightly 
defocusing the source along the reflector axis in 
the direction away from the reflector. Since the 
amount of on-axis defocus is the only adjustable 
variable here, one cannot expect to achieve equal 
path-lengths for all points in the aperture plane. 
For simplicity, the conventional approach is to 
make the path-length from the source to the field 
point by way of the apex of the paraboloid equal 
to that by way of the points on the edge of the 
reflector. 

Fig. 1. Geometry of an axis 
defocusing arrangement for a 

paraboloidal reflector. 

In Fig. 1, a cross section of a symmetrical 
paraboloidal reflector, AOA', is shown along with 
the focal point F and a field point P. Let 

A O' = O' A' = D/2 
O'P=BP= R 

The path-length difference from points A and O' 
in the aperture plane to the field point P is then 
AB, which can be determined as follows: 

A 0'2 + 0' P2 = A e = (AB ± BP)2 
or 

(D/2)2 + R2 = (AB ± R)2 (1) 
When AB2 is neglected in comparison with R2, 
which is a very good approximation, (1) gives 

AB = D2/8R (2) 
The requirement of equal total path-length from 
the source point to the field point by way of the 
points A and O' then can be satisfied by moving 
the source point to F' such that 

(F'0+00')=F'Al-AB 
Let the focal length OF f and the 
defocus FF' = E, then 

0 O' =- D2/16 f 

F' A = iD6f2  )]2 
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• • (3) 
amount of 

and substitution in (3) yields 

CfDf)1 (4) 

When (f/R)2 < < 1, it is accurate enough to write 
(4) as 

E f2 ri f 
R L 4f) 

Normalizing all quantities with respect to the 
focal length and introducing new notations 

= elf, R' = Rlf, and D' = Dlf, one can re-
write (5) as 

= R, 1. (6) . 
D')2 

. . 
1 1 

The normalized amount of defocus needed is seen 
to increase when R' decreases and when D' 
increases. As R' approaches infinity, e' correctly 
goes to zero. 

• • (5) 

Aperture-Phase Approach 

Relation (6) was derived solely from the laws 
of geometrical optics; it does not impose any 
restriction on R other than (f/R)2 G< 1. The 
problem can also be approached from the con-
sideration of the phase distribution in an aperture 
plane of the reflector together with the diffraction 
integral for the field at a point in space. 
When the point under consideration is in the 

quasi-near zone (Fresnel region) of a paraboloidal 
reflector, the normalized diffraction integral 
which gives the field pattern in a horizontal plane 
can be approximated asi 

fi 1(u) = F(y) e[ - jk D'r'/SR) y jo(ur) dr 
o 

In (7), r is the radial dimension of the aperture 
plane normalized with respect to D/2; u = (7TD/A) 
sin 8, 8 being the azimuth angle; k = 27r/A ; and 
F(r) is the circularly symmetrical amplitude 
illumination function over the aperture. The 
explicit exponential term is the Fresnel-zone 
contribution; terms above the second order are 
neglected. When R is very large, (7) reduces to 
the far-zone pattern function 

i 
Io(u) = f o F(r) r Jo(ur) dr 

With R = 2D2/A, the exponent — jk D2r2/8R 
equals — j er2/8 which yields the expected 
maximum phase difference 7718 at the edge (r = 1). 
When the primary source is displaced from the 

focus of a paraboloidal reflector along the re-
flector axis in the direction away from the reflec-
tor with a view to simulating far-zone patterns in 
the quasi-near zone, there will be a relative phase 

(7) 

• • (8) 

S. Silver, "Microwave Antenna Theory and Design", M.I.T. 
Radiation Laboratory Series, Vol. 12, Chapter 6, 1949, McGraw-Hill 
Book Co., Inc., New York, N.Y. 
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variation over the aperture. This phase variation 
referred to the centre point is found with good 
approximation to bel 

2E r2 
8 = 2 2 € ( 1 

r2 - (024. 
.à0) + 1.2 ) 

1 

(9) 
The diffraction integral now becomes 

I(u) = f F(r) ejk[8-1:".18R] r Jo(ur)dr.. (10) 
o 
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Fig. 2. Defocus chart from aperture-phase viewpoint. 

The integration in (10) is difficult to carry out. 
However, comparison with the far-zone integral 
(8) reveals that e should be chosen to make the 
exponent in (10) vanish or equal to a constant. 
Unfortunately this cannot be done exactly for 
all values of r because of the manner in which the 
exponent varies with r. A simple way of effecting 
this is to approximate 8 in (9) with a function of 
the type (a ± br2) where both a and b may involve 
E. a, being independent of the variable of integra-
tion r, does not affect the normalized radiation 
pattern; the required amount of defocus can then 
be determined from the equation 

D2 
b = --

8R 
. . (11) 

It has been found' that an acceptable and con-
venient approximation for 6 is 

1.2 

8 — 2E (1 4f 2 1- (12) 

S. T. Moseley, On Axis Defocus Characteristics of the Paraboloidal 
Reflector", Final Report for Contract No. AF 30(602)-925, Syracuse 
University Research Institute, August 1954. 
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(12) is exact for r = 0 (centre) and r = 1 (edge of 
aperture). For other values of r, the 8 given by 
(12) is slightly larger than that given by (9) ; thc 
error decreases when the (fID) ratio of the 
reflector increases. (12), in conjunction with (11), 
gives 

e f (D 
= — [1 
f R 4f) j 

or 

E, [ (D7 ) 2] 
(13) 

which checks with (6) when R' = Rlf>>2. If 
it is desirable to write 

R' = nD'2/A' .. (14) 

with A' = n a numeric, then (13) reduces to 

E' 1-(1 2 j_ (n21 

A' A — n L\D') 4) . . (15) 

It is obvious from (15) that for a given value 
of D', (E/A) plotted versus n gives a hyperbola in 
linear scales, and a straight line in log-log scales. 
Fig. 2 shows a set of parallel straight lines in log-
log scales corresponding to several different 
values of D'. For a given reflector, the required 
amount of.clefocus to simulate far-zone patterns 
at a given distance is readily determined from 
these lines. It is noted that for n = 2 (R = 2 D2/A), 
appreciable defocus is still necessary, the required 
amount being larger for smaller D'. 

A 

Fig. 3. Geometry of an ellipsoidal 
reflector with foci F, and F2. 

Ellipsoidal-Reflector Approach 
The purpose of defocusing the primary source 

in the case of a paraboloidal reflector is to 
simulate far-zone radiation patterns at points in 
the quasi-near zone. In terms of geometrical 
optics, it is quite easy to see that this could be 
achieved by means of an ellipsoidal reflector. If 
the primary source is placed at one of the two foci 
of the ellipsoid, the reflected rays will converge at 
the other. 

Let the reflector AOA' in Fig. 3 be a cross 
section of an ellipsoid with focal lengths OF1 

and OF2 = f2. Its equation in the xz-plane 
is then 

Z = 
f2f / X2 

2 U 1 — M2} h  • • (16) 
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Subject to the condition 

X2 X2 

1112 21112 
(16) can be approximated as 

+  z =  x2 

41112 
which is the equation 
length 

f 1112  
11 +12 

or 

approach is nearly the same as that from the 
aperture-phase approach, both of which increase 

(17) with increasing D'. The required E' from the 
ellipsoidal-reflector approach is the smallest of 
the three methods and is independent of D'. 

(18) 

for a parabola of focal 

. (19) 

1 1 1 
- = - - (20) 
f f2 

Hence, for reflected rays to converge at R = 12, 
the primary source should be placed at z = fi, and 

fl2  

E =fi —f=11+12 .. (21) 

Solving (19) or (20) for fi. and substituting the 
result in (21), one obtains 

f 2 f 2 

e = f2J—  f ._-. RJ— f . (22) 

or, in normalized form, 

e = R' — R' Li R' R'2 + • • '1 (23) 

(23) should be compared with both (6) and (13). 
An examination of (17) shows that it implies 

2 

the <condition (1/8) ( --)G 1. Now the maxi-

mum value of x is D/2 <2f,. This reduces the 
condition to 

> > V2 • • 
which is undoubtedly true in practice. An 
ellipsoidal reflector with focal lengths fi and 12 
has its semi-major and semi-minor axes equal to 
(fi +12)/2 (arithmetical mean) and -0i/2 (geo-
metrical mean) respectively; it approaches very 
closely a paraboloidal reflector when (24) is 
satisfied. As an example, with 12 = R = 10h, 
the maximum error introduced by (17) is about 
3% and with12 = R =--- 50h, the maximum error 
is less than 0.09%. 

Comparison of Defocusing Methods 
Curves plotting E' versus R' based upon 

equations (6), (13), and (23) from the three 
different approaches discussed above are shown 
in Fig. 4. It is seen that except for small values 
of R', the required E' from the geometrical 

• • (24) 
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Fig. 4. Comparison of defocusing methods. 

A review of the geometrical approach reveals 
that there is really no plausible justification for 
requiring equal path-length from the source to 
the field point by way of the apex and by way of 
the points on the edge of the paraboloidal reflector 
only; the path-lengths by way of the intermediate 
points on the reflector would then all be longer. 
The approximation (12) used in the aperture-
phase approach is exact also for r = 0 and r = 1 
only. For 0 G r < 1, 8 given by (12) is numerically 
too large, resulting in an E' which is also too large. 
Although these two approaches yield approx-
imately the same results, the aperture-phase 
approach makes it clear that this method would 
not be useful when R is too small because it would 
then be necessary to include terms higher than 
the second order in the exponent of (7); the 
geometrical approach gives no indication of this 
restriction. It is believed that E' in (23) derived 
from the ellipsoidal-reflector approach gives the 
most nearly correct results because the approxima-
tion implied by (17) is very good; it does not 
restrict its correctness only to the edge of the 
reflector. 

It should be noted that in all three methods the 
required amount of defocus is not a function of the 
operating wavelength and that diffraction 
phenomena are neglected. 
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BY-PASS FILTERS 
By R. O. Rowlands, M.Sc., 

(B.B.C. Engineering Training Department) 

SUMMARY.—By-pass filters are described having three pairs of terminals and in which all 

frequencies are passed, without distortion, between two of the pairs but only a limited band of frequencies 
is transmitted between either of these pairs and the third pair of terminals. 

Introduction 

W HEN two terminal stations are connected 
by telephone line carrying voice fre-
quencies and carrier channels, it some-

times occurs that there are, on the route, a num-
ber of wayside substations who wish to have 
facilities for communicating with either of the 
terminal stations or with each other. The problem 
arises of how to connect them to the line cheaply 
and with the minimum of interference to the 
carrier circuit. In the past, the solution has been 
to provide a filter consisting of two complementary 
high- and low-pass filters connected back to back, 
and to connect the substation to the junction 
of the two low-pass filters. 

SUBSTATION 

Fig. I. Usual by-pass filter arrangement. 

A typical arrangement is shown in Fig. 1. 
The input impedance of the substation telephones 
is high in the rest position but is otherwise equal 
to that of the line. Consequently the signals pass 
straight through the filters except when a sub-
station comes on, in which case part of the low-
frequency power is absorbed. A disadvantage of 
this method is that filters designed on the image-
parameter basis have an appreciable amount of 
attenuation at the cross-over point and, when a 
large number of these filters are connected in 
tandem, the degree of sideband cutting may be 
excessive. Again, since the function of the high-
pass filter is not to provide attenuation but merely 
to match the impedance of the unit to that of the 
line, the number of components involved is some-
what excessive. Analysis shows that a better 
solution may be obtained by designing the filter 
on a different basis. 

MS accepted by the Editor, November 1955 
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m L 

mL 

mc 

Fig. 2. All-pass lattice network. 

The All-Pass Network 
Type 1 

The lattice shown in Fig. 2 is an all-pass net-
work as the antiresonant frequency of the serie, 
arms coincides with the resonant frequency of 
the shunt arms. If the capacitors in the series 
arms are regarded as bridging the network, the 
remainder has the configuration of a low-pass 
filter and may be expanded into the form of a 
ladder. The circuit will now be as shown in Fig. 
3 and fulfils the requirements of a by-pass filter, 
namely that it has a constant resistive impedance 
at all frequencies and passes all frequencies with-
out attenuation, the low frequencies going through 
the low-pass filter portion and the high frequencies 
being by-passed by the series capacitors. The 

LINE 

in 

SUBSTATION LINE 

 II  

In 

Fig. 3. By-pass filter type 1. 
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substation may be connected to the middle of 
the low-pass section and so will receive just under 
half the power available at this point. The carrier 
circuit will not be affected. The high-pass section 
of the filter, consisting of two capacitors, is of 
the simplest form possible. A typical performance 
curve for a filter with m equal to 0.6 is shown in 
Fig. 4. 
The design formulae are, 

1 I 
ff2 L = 2 — 2 — 1 .1.02 

7rfR  

Where R = the impedance of the line 
f = the cut-off frequency of the low-pass 

filter 
the frequency of peak attenuation 

18 
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2 10 
-o 

38 
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o 
2 3 4. 

FREQUENCY (lac's) 

Fig. 4. Performance of network type 1; curve (a) line to substation, curve (b), line 
to line with substation connected. The line-to-line loss with no substation in 

circuit is negligible at all frequencies. 

l+mc 

If, in a particular application, the high-
frequency loss between the line and substation 
terminals of the network is insufficient, resulting 
in the carrier sideband breaking through at an 
intolerable level, an improvement may be 
obtained by connecting an extra low-pass filter 
section in the substation circuit provided, of 
course, that this filter may be disconnected when 
the substation is not in use, otherwise it will alter 
the all-pass characteristic of the network in this 
condition. 

If it is not possible to have a filter in the sub-
station circuit, which may be disconnected at 
will, then a network type 2 may be used instead 
of type 1 to give the extra protection required. 
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5 

Fig. 5. By-pass filter type 2.1. 

Type 2 
If, in a particular ap-

plication, the low-pass 
section does not attenuate 
the carrier-circuit frequen-
cies to a sufficient degree, a 
more complex filter may be 
derived from the all-pass 
network having three ele-
ments in each lattice arm. 
This may be developed into 
a by-pass filter in either of 
the two ways shown in 
Figs. 5 and 6. It will be 
seen that, in order to ex-
pand the low-pass section 
into a ladder, the bridg-
ing capacitor must appear 
across the lattice arm of 
the filter. The design 
formulae are the same as 
for type 1 except that, 

2C 

2C 

Fig. 6. By-pass filter type 2.2. 
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in this case, the impedance of the low-pass section 
is different from that of the complete all-pass 
section. If R is the impedance of the low-pass 

filter section, the line impedance is 1 + m . R for 

the filter of Fig. 5 and 1 + m2 • R for the filter 

of Fig. 6. As m is less than unity, the line im-
pedance is less than the filter impedance at the 
T-off point. This may be an advantage as the 
substation will then absorb more of the available 
power. 

Dual Circuits 

To each of the networks described there exists 
a dual network in which the high frequencies 
appear at the third pair of terminals, instead of the 

mL 
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low frequencies, as 
in the networks so 
far described. An 
example of the dual 
of the all-pass net-
work type 1 is given 
in Fig. 7. These 
dual networks might 
find possible use in 
communication and 
signalling circuits 
on power lines. 

Fig. 7. Dual of by-pass 
filter type 1. 

AERIAL PATTERN SYNTHESIS 
Use of Poisson's Formula 

By Herbert E. Salzer 
(Convair Astronautics, San Diego, California, U.S.A.) 

(This work was done while the author was employed at the Diamond Ordnance Fuze Laboratories, Washington, U.S.A.) 

SUMMARY.—In the employment of linear arrays in aerial design, one of the important 
problems of pattern synthesis is to obtain feeding coefficients which will produce very sharp beams. 
Although optimum patterns are obtained from the Dolph-Tschebyscheff distributions, the numerical 
work in determining the feeding coefficients mounts as the number of sources increases. This article 
indicates an entirely independent method of finding feeding coefficients, which uses only one very 
special case of a general formula due to Poisson, to obtain extremely sharp patterns for broadside 
arrays. Although the resulting formulae are not as flexible as the Dolph-Tschebyscheff formulae and 
require a comparatively large number of sources, the amplitudes of the feeding coefficients are given 
at once by an extremely simple explicit expression, which is just as easy to calculate for a formula 
with over a hundred terms as for a formula having just a few terms (and these amplitudes of the 
feeding coefficients for broadside arrays are invariably positive). 

I
N the employment of linear arrays in aerial 
design, one of the important problems of 
pattern synthesis is to obtain feeding 

coefficients which will produce very sharp beams. 
Although optimum patterns are obtained from 
the Dolph-Tschebyscheff distributions, the numer-
ical work in determining the feeding coefficients 
increases with the number of sources. The 
purpose of this article is to indicate an entirely 
independent method of finding feeding coefficients, 
which uses only one special case of a general 
formula due to Poisson, to obtain extremely sharp 
patterns for broadside arrays. 
The reader is warned that this present paper 

furnishes only a mathematical solution to the 
problem of finding a close approximation to a very 
sharp curve by a cosine series, and its results may 
need still further consideration before practical 
use in aerial design. 
The resulting formulae have the following 
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three possible disadvantages when compared with 
the Dolph-Tschebyscheff formulae: 

(1) They are not optimum. 
(2) Unlike the Tschebyscheff polynomials, 

where for a prescribed number of sources a single 
polynomial serves as the basis for calculating 
feeding coefficients for all variations in the ratio 
between d and A, where d = distance between 
sources and A= wavelength (e.g., for n odd, 
d < A/2, by Riblet's method), here each expres-
sion obtained is used for a fixed ratio of d to A. 

(3) They require the use of a comparatively 
large number of sources, and so may have 
restricted applicability at the present time. 
But these new formulae have the following 

four important advantages: 
(1) The amplitudes of the feeding coefficients 

are given at once by an extremely simple explicit 
expression which is just as easy to calculate for a 
formula with over a hundred terms as for a 
formula having only a few terms. 
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(2) Formulae which compare favourably with 
optimum ones can be constructed. 

(3) The amplitudes of the feeding coefficients 
for broadside arrays are invariably positive. 

(4) After one has developed the knack of 
choosing the required constants, even though 
Poisson's formula is not as adaptable as the 
Tschebyscheff polynomials for use with pre-
assigned d and A, considerable variations are 
' possible which cover a wide range of the d to 
ratio. 

DISTANCE IN WAVELENGTHS -X. 

Poisson's general formula' is expressed by 

V/3 F,(0) Fc(n13)!-
.-1 ) 

= 1Ax i(0).f(na) )- • • (1) 
n= 

where 

a/3 = 277, > 0, and Fc(u) f f(t) cos ut dt 
IT 0 

is known as the Fourier cosine transform of 
f(t). If in (1) we let f(t) = e-t" cos kt, then F(u) 
becomes exp. [— (k2 u2)/2] cosh ku. This last 
relation follows immediately from the definite 
integral formula 

fexp. [— a2.x2] cos bx dx 
o 

V77. exp. [ — b2/4a2] 
, a > 0 .. 

2a 

by letting a2 = 1/2 and b = k + u or k — u. Then 
from (1), we get 

V/3 exp. [— k2/2] (4 exp. 
n = I 

co 

= Vat (i -1— exp. [— d2n2/2] cos kan) 
n=1 

• • (2) 

Formula (3) is essentially Jacobi's familiar 
imaginary transformation2.3.4 which is also used 
to calculate the error function of a complex 
variable5. 
The purpose of the discussion in this paper is 

to show how by judicious choice of the quantities 
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k and /3 in (3) (the a is determined from /3 by 
a = 2e/f3), the left member of (3) may be closely 
approximated by a reasonable number of terms 
of the right member, in which, if considered as a 
series of the form Ian cos ne, the a., n 0, 
corresponds to twice the amplitude of the feeding 
coefficient of a single point source which is one of 
a pair of symmetrically situated point sources 
corresponding to the cos nc term, for a linear 
broadside array. Furthermore, the choice of the 
k and ./3 will be such as to yield a very sharp 

Fig. 1 (left). System of reference 
for an array. 

Fig. 2 (below). Forms of aerial 
beam. 

t 

(a) (b) 

pattern for the sum of that number of cosine terms. 
In all this discussion it is most convenient to 

work with only pure numbers, to which any 
problem in finding feeding coefficients, can be 
reduced. But Fig. 1 will recall to the reader the 
system of reference of the angle which denotes 
the beam angle when there is an odd number of 
symmetrically situated point sources for a linear 
broadside array, and the sources are at a distance 
d apart. 
To illustrate this method we work through an 

example taking an extreme case, where over a 
180° range of the angle qS, say from 0° to 180°, we 
desire to produce a very sharp beam at = 90°. 
The total width of the beam is to be only 2.5° 
and the plotted height is to be completely neglig-
ible (i.e., only around 1 % or so of the maximum 
height) everywhere else between 0° and 180°. 
This is much sharper than the commonly used 
beams which, when plotted as functions of t = 
cos #, are allowed to widen out away from the 
t-axis, something like Fig. 2 (a) in shape, whereas 
here we seek something more like Fig. 2 (b). In 
the approximate sum Ian cos nc, the quantity 

c = C cos #, and if we denote cos # by t, 
the range of t is from — 1 to ± 1. Now 
the array problem here considered is to find 
a series of reasonable length, of the form 
Ian cos Cnt* which shall be close to 0 for 
nearly all values of t between — 1 and 1, 
but which shall increase to 1 within a small 

[ p22/] cosh kfin) 

(3) 

range of t corresponding to the 2.5° range in #. 
The broadside position of the lobe, or the oc-
currence of the sharp peak at # = 90°, and the 
total width of 2.5° for the lobe, correspond to a 
total width of 0-04 in the argument t, at t = 
*C =2wd/A (See Fig. 1) 
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or, in other words, since Zan cos Cnt is an even 
function of t, in the range t = 0 to 0.02 (i.e., 
F25° in 4.), we want Zan CO3 Cnt to drop from 
1 down to around 0.01 and to stay no larger than 
around 0.01 in the entire range of t = 0.02 to 1. 
The appearance of equation (3) suggests that 

we can obtain such a curve from a series of the 
form L'as cos Cnt. We first write down (3) again 
after multiplying through by 2/-03— for conven-
ience sake: 

exp. [— k2/2] (I ± 2 exp. [— p2n2/2] cosh kfin) 
n = I 

(„) 1/2 
e- 1 ± 2 exp. [—a2n2/2] cos kan) (3') 

n=1 

Now the simplest type of function that is 1 at 
t = 0 and then falls down   
to 0 and remains small is 
e-t. But, in order to de-
crease for negative as well 
as positive values of t, we should need some-
thing like exp. [ —12]. But exp. [_12] itself does not 
become small until t is considerably larger than 
1, whereas we want a function that becomes and 
remains small even when t = 0.02. Thus instead of 
exp. [._t2] we need something like exp. [ — At2] 
where A is a large positive constant. This suggests 
the identification of this exp. [—A t2] with exp. 
[—k2/2] in the left member of (3'). The question 
arises as to whether for a certain judicious choice of 
/3, the combination of k and /3 will cause all the 
terms inside the summation on the left side, of the 
form 2 exp. (k2 p2n2)/2] cosh kfin, to be neg-
ligible by comparison with the exp. [— k2/2] term, 
so that the left side is essentially the solitary 
exponential exp. [—k2/2] to within 1% accuracy. 
Of course, by making the /3 as large as one wishes, 
for every n the quadratic part of the exponent in 
each term, namely the — /32n2/2 can be made 
arbitrarily larger in absolute value than the 
linear part of the exponent, namely ± kfin or 
— en in the cosh kfin, so that 

exp. [— (320)2/2] 

may be neglected. Finally, the choice of k and fi 
must yield a product ka that falls within an 
attainable ratio of d to A. 

It turns out that we can meet all of the above-
mentioned conditions by taking k = 50-001 and 

13 =-- 320. The choice of k = 50 Vlitt makes the 
first term in the left member of (3') equal to 
exp. [— 12,50012], which is equal to 1 for t 
and drops down to e-5 < 0.01 even before. 
t = 0-02 and, of course, remains very close to 0. 
To show next that the choice of /3 = 320 enables 
us to neglect all the remaining terms of the left 
member of (3'), we note first that for 13 = 320, 
n = 1 gives the dominant term in 

co 

exp. [— /32n2/2] cosh kfin, 
n= I 

which is 

exp. [50 VRI t x 320] + exp.[_501öt X 320]} 
2 

2 exp. [—P2n2/2] cosh kf3n 
n= 1 

becomes as small as one wishes. However, in 
practice we do not have such an unrestricted 
choice of /3 because too large a choice of fi gives 
rise to such a small value of a = 2e//3 that too 
many terms will be needed in the right member of 
(3') before the factor exp. [—a2n2/2] becomes 
sufficiently small. In other words, we want an 
no that is not too large so that all terms for 

1/2 co 

n > no (i.e., 2 (-) exp. .2n2/2] cos kan 
n=n„-F1 
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Disregarding the negative exponential within 
the brackets and noting that t -= 1 gives the 
largest value, we have essentially 

exp.[— (320)2/2 + 50 VTO x 320] 
= exp. [— 51,200 + 16,000-VUO] 

or around P-694 which is negligible. That we can-
not improve appreciably upon this choice of /3 is 
apparent if one tries out even fl = 310 instead of 
,19 = 320, in which case the inequality 
— ¡P2 kf3 < 0 in the first exponential term 
(when t -±- 1) is far from satisfied and instead one 
obtains a huge positive exponential e965 instead 
of te-604. Now having fixed the )9, from which 
a = e/160, we examine the right member to see 
how many terms should be retained. The factor 
exp. [— .„.2n2/5i ,200] becomes around 1/7 for 
n c= 100 and that is multiplied by an outside 
factor of 2 V«/ -0T= V27r/160 < 1/60. How-
ever, since for t = 0 all the oscillatory cosine 
factors become 1, beyond n = 100 we should be 
adding a number of decreasing exponentials 
(series is convergent) beginning with a term 
< 1/420. Owing to the slowness of the conver-
gence, even though it is probable that the total 
error at t = 0 will be around 0.01, it is safest to 
choose an no sufficiently large so that one can 
prove rigorously that 

1/2 co 

2 (i) exp. [— a2n2/2] cos kan < 0.01. 
n=n,-1-1 

This last remainder is 
co 

< (1/60) î exp. [— r2n2/51,200] 
n= • 1 
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in absolute value, which is around 
CO 

(1/60) exp. [— 0.0002n2]. 
n = n. + 1 

OD 

The sum 1 exp. [— 0.0002n2] may be pictured 
n—n.+1 

as a number of rectangles of unit width and 
decreasing height, and if placed beneath the 

f. . 
curve of the integrand in exp. [— 0.0002x2] dx 

n, 

it is seen to be less than the integral in 
absolute value. Of course, the first rect-
angle, corresponding to n = no ± 1 in the 
sum, is under the section of the curve 
of the integrand between x = no and 
x = no ± 1. In the integral, set u = •Vix/100, 
to obtain 

greater than t = 0-02 that sum will be less than 

0-01). Finally the cos kan, or cos   
16 (5" nrrt) , 

which corresponds to the term cos (2end cos 95) 

where t = cos #, shows that d = 5 V -1-0 A/32 
-= 0.494 A, which is very close to spacing of 
one-half wavelength and certainly within the 
limits of practical design. 

Thus, (3') for this special choice of k and ig 
assumes the form 
exp. [— 12,500 /2] 

131 

V2ir 2] cos r5V i° :732-0 -11 + 2 exp. [ — n27,2,/51,00   net] ,- 
n= I L 16 

100 Çoe 
exp. [— u2] du, 

ioo 

so that we seek an no which will make (1/60)th of 
that integral or 

fv 2.. exp. [— u2]du < 0.01. 
5  

From tabulated values of the error function, 

2  
erf. y = ,- I exp. [— u2]du, we seek a 

e 

v '‘/no/100 

that will make 

5 2  
exp. [— u2]du 

or 
5 - t 2  

— f exp. [— u2]du)r 
o 

= 1.044 (1 — erf. y) < 0.01, 

or erf. y > 0.9904, from which y > 1.84. Now 
Vino/100 > 1.84 for no = 131, showing that we 
are perfectly safe in expecting a truncating error 
<0.01 in retaining 131 terms of the summation 
in the right member of (3'). This upper limit for 
the truncating error, in conjunction with the fact 
that exp. [ — 12,500 /2] is < 0.01 for t > 0.02, 
guarantees that for t between 0 and 0.02, the sum 
on the right-hand side will approximate exp. [-
12,500 12] to within an error of 0.01, and between 
t = 0.02 and t = 1 that sum will surely be less 
than 0.02 (in fact, for values of t only slightly 
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(4) 

Glancing back at (2), one sees a suggestive 
analogy between (4) and (2) if we let x correspond 
to n, and replace the integrand in (2) by rectangles, 
letting a correspond to 1r/160'0 and b correspond 
to 5'0-0 et/16. This analogy appears at first sight 
to break down only for the first rectangle which 
would have to be made equal to 4 instead of 1 ; 
but that is also plausible if we think of (2) as 
being doubled to go from — oo to co instead of 
from 0 to co, and the rectangles centred at x = n 
instead of beginning at x= n, so that there 
would be only a single rectangle of unit height 
between x = — 4 and x = 4. However, despite 
the closeness of the analogy between (2) and (4) 
we cannot circumvent the use of the deeper 
Poisson formula and all the considerations leading 
up to the derivation of a formula like (4), by merely 
assigning values to a and b in (2) and replacing 
the integral by a sum. The fact that that analogy 
holds is, in a sense, an amazing coincidence be-
cause, given an arbitrary integral of the form 
joe 
o 

factor exp.[—a2x2] is so small that numerical 
integration would have to extend to around x --
131, and for b around 3t, as in the above illustra-
tion, where t itself varies between 0 and 1, we 
should normally require many thousands of 
rectangles instead of merely 131 to approximate 
that integral to within 1% for all values of t. 
We could make arbitrary guesses for a and b in 
(2) and hit accidentally upon a combination that 
can be justified by studying (3) or (3'). The best 
indication of the fortuitousness of the analogy be-
tween a rectangular approximation to the integral 
in (2) and formula (4) where the ' rectangles ' are 
really oscillatory functions of t is that if one 
attempts to alter (4) or reduce the number of 
terms necessary for 1 % accuracy by any offhand 

exp. [— a2x2] cos bx dx where the damping 
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slight changes in the constants, the approximation 
fails completely for some range of t. The reason 
for indicating this analogy is to convince the 
reader of the depth in the use of Poisson's formula 
which cannot be attained by merely protracted 
groping around in (2) for a lucky choice of a and b. 

All the preceding discussion is perfectly 
general in its application so that the user can vary 
the k and f1 in (3') and try for other descending 
exponential patterns that are more or less sharp, 
and which may require more or less than 131 
terms. 

Because of the possible utility of the coefficients 

of cos (5 V1Cs nut) in (4) when considered as a 
16 

accurate to within a unit in the last (fifth) decimal 
place, so that in using them, after the multipli-
cation and summation operations in (4'), an upper 
bound for the contribution to the error which is 
due to the use of inexact coefficients will be 
around 0.001, and in all probability the actual 
contribution to the error will be very much smaller 
than 0.001. Formula (4') was tested and verified 
for its accuracy to within 1% for eight different 
values of t, namely t = 0, 0.001, 0.005, 0.01, 
0.05, 0.1, 0.5, and I. The coefficients an which 
are tabulated were calculated and checked by 
Miss Isabelle Arsham, who also did all the com-
putations verifying the accuracy of (4') for the 
above mentioned values of t. 

TABLE I 

n an n an n an n an n on 

I 

0 0.00783 30 0.01317 60 0.00783 90 0.00329 20 0.00098 
1 0.01566 31 0.01302 61 0.00765 91 0.00317 21 0.00093 
2 0.01565 32 0.01286 62 0.00747 92 0.00306 22 0.00089 
3 0.01564 33 0.01270 63 0.00729 93 0.00296 23 0.00085 
4 0.01562 34 0.01254 64 0.00711 94 0.00285 24 0.00081 

5 0.01559 35 0.01237 65 0.00694 95 0.00275 25 0.00077 
6 0.01556 36 0.01220 66 0.00677 96 0.00265 26 0.00073 
7 0.01552 37 0.01203 67 0.00659 97 0.00255 27 0.00070 
8 0.01547 38 0.01186 68 0.00642 98 0.00246 28 0.00067 
9 0.01542 39 0.01169 69 0.00626 99 0.00237 29 0.00063 

0 0.01537 40 0.01151 70 0-00609 00 0.00228 30 0.00060 
1 0.01531 41 0.01133 71 0.00593 01 0.00220 31 0.00057 
2 0.01524 42 0.01115 72 0.00577 02 0.00211 
3 0.01516 43 0.01097 73 0.00561 03 0.00203 
4 0.01509 44 0.01079 74 0.00545 04 0.00195 

5 0-01500 45 0-01060 75 0.00530 05 0.00187 
6 0.01491 46 0.01042 76 0.00515 06 0.00180 
7 0.01482 47 0.01023 77 0.00500 07 0.00172 
8 0.01472 48 0.01005 78 0.00485 08 0-00165 
9 0.01461 49 0.00986 79 0.00470 09 0.00159 

20 0.01450 50 0.00968 80 0.00456 10 0.00152 
21 0.01439 51 0.00949 81 0-00442 II 0.00146 
22 0.01427 52 0.00930 82 0.00429 12 0.00140 
23 0.01415 53 0.00912 83 0.00415 13 0.00134 
24 0.01402 54 0.00893 84 0.00402 14 0.00128 

25 0.01389 55 0.00874 85 0.00389 15 0-00122 
26 0.01375 56 0.00856 86 0.00377 16 0.00117 
27 0-01361 57 0.00837 87 0.00364 17 0.00112 
28 0.01347 58 0.00819 88 0.00352 18 0.00107 
29 0.01332 59 ,' 0.00801 89 0.00340 19 0.00102 

I 

series of the form 
131 

exp. [- 12,500 t] ao -F an cos (3.1045588nt) 
ft= 1 

(4') 
there are given in Table 1 the coefficients an, 
for values of n from 0 to 131 recalling that an, 
n e 0, is twice the amplitude of the feeding 
coefficient of a single-point source. They are 
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LOW-FREQUENCY GROUND WAVES 
Equipment for the Measurement of the Phase Change with Distance 

By G. E. Ashwell, B.Sc. and C. S. Fowler, A.M.Brit.I.R.E. 
(Official communication from D.S.I.R., Radio Research Station, Slough) 

SUMMARY.—The equipment described was developed to investigate the phase change with dist-
ance of a low-frequency wave passing over ground of finite conductivity and, in particular, the changes 
that occur near a boundary between grounds of different conductivities or across a coastline. The method 
employs a u.h.f. link between a fixed monitor station and a mobile measuring station to provide a 
reference signal against which the phase of the low-frequency signal is compared at the measuring 
station. The equipment is capable of operating over distances of up to 50 km and measures the phase 
to an accuracy of 2° at a frequency of 127.5 kc/s. 

1. Introduction IN general, when a low-frequency wave travels 
across ground of finite conductivity, its 
phase velocity is less than that in air. That 

is, it suffers a phase retardation which is a function 
of the frequency of the wave, the distance from 
the transmitter and the conductivity of the 
ground. The equipment described below was 
developed to measure, at a frequency of 127.5 kc/s, 
these changes in phase over various types of 
ground and over sea in particular. 
Equipment employed in previous experiments 

described by Pressey, Ashwell and Fowler' 
measured the sum of the phase changes that occur 
along a section of an inhomogeneous path when 

A 

TRANSMITTER MONITOR STATION 

(a) 

A L.F. 

 • 
(b) 

TRANSMITTER MONITOR STATION MEASURING STATION 

Fig. 1. Basic system of measurement (a) and layout of 
stations (b). 
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waves are propagated in both directions along 
that path. It was not possible to obtain from the 
_observed results a unique solution for propagation 
in one direction only and the measurements were 
limited by the availability of transmitters to two 
land paths, one between Lewes and Warwick and 
the other between Lewes and Norwich. The 
present equipment was developed in order to obtain 
the phase changes for propagation in one direction 
only and to give greater freedom in the choice of 
paths by permitting measurements to be made 
along any radial path from a particular transmitter. 

In particular, the detailed phase changes that 
occur when the wave crosses a boundary between 
grounds of different conductivity, or across a 

coastline, could be investi-
gated more easily. 
The previous method 

also required that the 
position of the measur-
ing station be known to 
better than one metre, a 
requirement which en-
tailed the making of an 
accurate survey at each 
site. With the system 
described below, a much 
lower order of positional 
accuracy is sufficient, a 
feature which consider-
ably simplifies its use for 
measurements at sea. 

U.H F. 
RECEIVER 

L.F. 
RECEIVER 

PHASE 
COMPARATOR 

MEASURING STATION 

2. General 
The basic principle of operation of the system, 

indicated in Fig. 1(a) is that the phase of the 1.f. 
signal received at the measuring station is com-
pared against a reference signal which is transmit-
ted from the monitor station as pulse modulation 
on a u.h.f. carrier (800 Mc/s). The time of occur-
rence of the pulses is locked to the phase of the 
1.f. signal received at the monitor station. 
The u.h.f. signal travels with a known velocity 

which is nearly constant and can be assumed to 
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be equal to the phase velocity of the 1.f. signal 
in air. Thus, the measured phase difference 
between the direct 1.f. signal and that relayed 
from the monitor gives (allowing for any con-
stant instrumental phase shift) the increase in 
the phase lag of the direct 1.f. signal due to the 
presence of the ground between the monitor and 
the measuring station, provided the transmitter, 
monitor and measuring stations are collinear. 
The disposition of the stations is shown in Fig. 

1(b). It is desirable that the transmitter A, the 
monitor B and the measuring station C should lie 
on a straight line but, in order to obtain adequate 
range with the u.h.f. signal or to take observations 
along a line transverse to the radial, it was often 
necessary to site the monitor and receiver in 
positions which were not collinear with the 
transmitter. In this case it is necessary to make 
allowance for the excess distance AB + BC' ovei 
AC'. The accuracy with which the positions of 
the points A, B and C' must be known depends 
on the angle CBC' and the phase accuracy re-
quired. In practice it was found that on land, 
using Ordnance Survey maps to a scale of 6 in. 
to the mile, it was possible to work with values 
up to 25° for the angle CBC' and still obtain an 
accuracy of about 1° in the measured phase. For 
the measurements over the sea it was possible, 
using sextant fixing on objects on the coast, to 
keep the angle CBC' to less than 1°, under which 
condition the correction for the excess distance 
is negligible. 

3. Factors affecting Design and Performance 
The design of the low-frequency sections of the 

equipment entails no specific problems. Con-
ventional circuits are employed and, apart from 
care to maintain good stability, no unusual 
precautions had to be taken. 
The design of the link to carry the reference 

signal, however, involves a number of problems. 
A primary requirement is that the velocity of the 
reference wave shall not be affected by the con-
ductivity of the ground and that adequate range 
can be obtained without employing an excessively 
high-powered transmitter or complicated aerial 
systems. Since pulse modulation is employed 
(see below) it was desirable to use a carrier 
frequency that could be modulated with short 
pulses, and to employ valves that could be 
modulated precisely, and preferably, in a con-
ventional manner. These conditions, together 
with others discussed below, led to the choice of 
a value in the region of 800 Mc/s for the carrier 
frequency. 
At this frequency the propagation is entirely 

by space wave and the only parameters affecting 
the velocity are the atmospheric conditions. The 
normal variations in these conditions in England, 
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however, do not cause the velocity to depart 
beyond the limits of 299670 and 299700 km/s. 
This velocity range results in a phase variation 
of less than OS° in the total phase change over a 
path of 50 km length; an amount that can be 
ignored when compared with the actual phase 
changes at the low frequency encountered over 
such a path. 
To obtain the accuracy required with the 

system of measurement, a minimum signal-to-
peak-noise ratio of about 6 dB was necessary. 
This was obtained on an optical path at a maxi-
mum distance of 60 km or at shorter distances 
depending upon the degree of screening by trees 
and small hills. It was found that for positions 
of the two stations, such that there was an optical 
path between them, the u.h.f. field strengths of the 
received signal obeyed an inverse distance law. 

Another problem is that of secondary signals 
that arrive at the receiver after reflection from 
fixed objects and, because they are delayed with 
respect to the main signal, are liable to cause an 
error in the phase of the reference signal. This 
was overcome by using pulse modulation in conjunc-
tion with a strobing arrangement in the receiver 
which rejected any pulses that were delayed with 
respect to the leading edge of the main pulse. It 
could not deal, however, with secondary pulses 
which arrived during the rise of the main pulse and 
which, by distorting the leading edge of the pulse, 
caused an error in the phase of the reference signal. 
Had sinusoidal modulation been used there would 
have been no method of resolving signals arriving 
by different paths and the phase of the resultant 
reference signal would have depended upon all 
the signals received. 
The effect of secondary signals is further 

reduced by the directivity and polarization 
characteristic of the helical aerials used. The 
aerials produce and receive circularly-polarized 
waves and, since the sense of rotation of circularly-
polarized signals is reversed when they are re-
flected from a surface at any angle of incidence 
less than the Brewster angle, the receiving aerials 
will tend to reject such reflected signals. 

4. Equipment: General 
The monitor and measuring equipments each 

occupy two standard 19-in. racks 6 ft high. 
For measurements on land each is mounted in a 
five-ton van together with a petrol electric 
generator to supply 230 volts a.c. This supply is 
stabilized as also are the d.c. outputs from the 
various power units driven by it. A frequency-
modulated radio telephone operating in the 
20-30-Mc/s band is used for communication be-
tween the two vehicles. 
When operated at sea the receiving equipment 

was installed in the cabin of a 75-ft motor-launch. 
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The aerial for receiving the 127.5-kc/s signal 
is a vertical rod 12 ft long mounted at the centre 
of the roof, immediately above the receiver. The 
aerial for the 800-Mc/s reference signal is a 
16-turn helix mounted on the top of a 20-ft 
demountable mast at one corner of the van. The 
mast can be rotated through 360° so that the 
aerial can be set in the direction of arrival of the 
signal. The gain of the aerial is 17 dB and the 
beamwidth (3 dB) is 28°. The input impedance 
of the aerial is approximately 130 ohms resistive 
and is matched to the concentric feeder of 70 
ohms characteristic impedance by a simple 
quarter-wave transformer. 

1275 
Iccis 

MAIN 
AMPLIFIER 
1275 kc/s 

255 
kc/s 

rÉ l SET PHASE 

FREQUENCY 

85 
kc/s 

 1 

P. R. F. 425 kc/s 

modulate the anode current of a planar electrode 
triode (CV273) operating in a concentric-line circuit 
at a frequency of 800 Mc/s. The valve is allowed to 
oscillate at a low level during the periods between 
pulses, the anode potential being about 100 volts, 
and, under this condition, variations in the delay 
of the build-up of the oscillations on the appli-
cation of the modulating pulse are less than 0.01 
microsecond, corresponding to 0.5° at 127.5 kc/s. 

If the oscillator were completely suppressed 
between the modulating pulses, it was found that 
there was a variation in the time of commence-
ment of the oscillations of the order of 0.05 
microsecond, which corresponds to a variation of 

PULSE 
GENERATOR & 
MODULATOR 

SET PHASE 

e—o 
SET ZERO 

TWIN 
AMPLIFIER 
1275 kcis 

255 87 -5 
k cis 

SET ZERO 

PHASE s 2 

& MIXER 

kc/s 

SYNC 

42 
GATE 

PRF 
85 
k c/s U.H.F 

OSCILLATOR 

TRANSMITT ING AERIAL 
800 Mc/5 

 f 0 0 

PHASE 

x8 

SUM & 

DIFFERENCE 

Fig. 2. Monitor equipment. 

5. Monitor Equipment 
The block diagram of the monitor station is 

given in Fig. 2. The 1.f. signal from the vertical 
aerial is fed to a high-gain amplifier which has a 
crystal filter circuit with a pass band of 40 c/s. 
The output frequency is doubled to reduce 
overall feedback trouble. An automatic gain-
control circuit is provided, and a variable capacitor 
across one of the tuned circuits permits the phase 
change through the amplifier to be adjusted. 
The output frequency is divided by three in a 

regenerative modulator divider circuit2 and the 
resultant 85-kc/s signal used to trigger a pulse 
generator circuit which feeds the modulator stages. 
This change of frequency is necessary to prevent 
radiation from the modulation stages of the u.h.f. 
transmitter causing interference with the received 
1.f. signal. 
The pulse generator employs a triggered re-

generative valve circuit (multiar)3 which has a 
delay line in the anode circuit. This produces a 
pulse of about 0.3 microsecond duration which, 
after amplification to 800 volts peak, is used to 
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C.R.T. 
INDICATOR 

about 2° at 127.5 kc/s, a value too great for 
accurate measurements. 
The peak power output of the oscillator is 12 

watts and the pulse has a duration of 0.3 micro-
second with equal rise and fall times of 0.1 
microsecond measured between 10% and 90% 
amplitude. 
The remainder of the equipment shown in the 

lower half of Fig. 2 is required to ensure the 
constant phasing of the transmitted pulse with 
respect to the received 127.5-kc/s signal. A 
fraction of the output of the oscillator is fed into 
a crystal-diode rectifier circuit to produce pulses 
with a recurrence frequency of 85 kc/s. These are 
passed through a gating valve which allows only 
alternate pulses to pass, thus reducing the pulse-
recurrence frequency to 42.5 kc/s. The third 
harmonic of these pulses is then compared with 
the 127.5-kc/s signal received by the aerial. 
The first stages of the phase comparison equip-

ment comprise twin amplifiers with frequency-
doubling stages providing an output at 255 kc/s 
similar to the main amplifier described above. 

247 



These are followed by a second pair of frequency-
doubler stages and two frequency changers fed 
from a common oscillator which converts the 
signals to the intermediate frequency of 87.5 kc/s. 
These two signals are fed to an eight-times phase 
multiplier unit4 which can be switched out of 
circuit when not required. This is followed by a 
sum and difference phase-indicator unit5. In the 
sum and difference unit the two signals whose 
phases are to be compared are combined so as to 
produce a trace on a compass-type cathode-ray 
tube. The angular rotation of the trace indicates 
the relative phase of the two signals and a 
rotation of 180° on the tube corresponds to a 
change of phase of 360° at the input of the sum 
and difference unit. 

Since there is an overall phase multiplication of 
32 times in the equipment, there is an ambiguity 

enV 
RECEIVING AERIAL 

800 Mc/s 

8S kc/s P.R.F. 

CHECKING 
PULSE 

GENERATOR 

MIXER 

LOCAL 
OSCILLATOR 

127•5 'cgs 

c<RMAL 

that, after an initial warming-up period of 45 
minutes, only occasional checking of the phase 
is needed and in practice it can easily be held to 
within 1° of phase at 127.5 kc/s. 

6. Measuring Equipment 
A block diagram of the measuring equipment 

is shown in Fig. 3. 
The low-frequency signal is received on an 

aerial similar to that employed in the monitoring 
equipment and is fed to a variable-gain head 
amplifier whose phase shift is substantially 
independent of the gain. The phase shift can, 
however, be varied within limits by a variable 
capacitor across one of the tuned circuits. It was 
necessary to provide such a means of maintaining 
the input to the main receiver at constant level, 
as the automatic gain-control circuits in the latter 
caused a change of phase of about 1° for a 10-dB 
change in the signal level at its input. 

L0,1  
  SET ZERO 

i 

I.F. AMPLIFIER 

60 Mc/s 

HEAD 
AMPLIFIER 

ATTENUATOR 

Fig. 3. Measuring equipment. 

of 111° or multiples of it in the determination of 
the changes in phase angle. This ambiguity is 
reduced to 90° by reference to a reading taken 
with the eight-times multiplier stage removed 
from the circuit. This resultant ambiguity is far 
greater than any phase change that can occur in 
low-frequency propagation over the distances 
involved. 
To check the phase adjustment of the equip-

ment, the inputs to the twin amplifiers are joined 
in parallel by switch A so that there is a common 
signal input from the aerial. The phase of one 
amplifier is then adjusted so that the trace on the 
phase indicator has an arbitrary reading, usually 
zero. The switch is then changed so that the out-
put pulses from the u.h.f. transmitter are applied 
to one channel and the phase control in the 
receiver feeding the transmitter is adjusted so 
that the same arbitrary reading is obtained. This 
ensures that the outgoing pulses have a fixed 
phase relationship to the incoming low-frequency 
signal. The stability of the equipment is such 
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The output of the receiver at 255 kc/s is taken 
to one input of a phase-comparison unit which is 
identical with that used in the monitoring 
equipment. 
The u.h.f. signal is received on a helical aerial 

similar to that at the transmitter and is fed to a 
crystal-diode frequency changer. The seven-stage 
intermediate frequency amplifier, operating at 
60 Mc/s, has a bandwidth of 6.0 Mc/s. Bandpass 
coupling is used between all stages except the 
second and third where there is a e-network 
attenuator operating between heavily-damped 
single-tuned circuits. This attenuator has a range 
of 70 dB in 1-dB steps and permits the output of 
the amplifier to be kept at a constant level. An 
automatic gain-control stage having a range of 
about 20 dB may be inserted in series with the 
attenuator in order to keep the output constant 
under conditions of rapidly changing signal, as 
were encountered at sea when the movement of 
the boat changed the alignment of the u.h.f. aerial. 
The bandpass-coupled stages have a coupling 
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factor of 0.7 of the critical value. Under this 
( ondition, the phase characteristic is substantially 
linear over the pass band and, consequently, the 
delay of the pulses will not be affected seriously 
by frequency drift in the transmitter or in the 
receiver local oscillator. 

Tests made on the stability of the u.h.f. receiver 
have shown that the change in phase is less than 
0.06° for a change of 50 dB in the input level, the 
output level being kept constant by means of the 
attenuator. 
The rectified output of the i.f. amplifier is fed 

to a strobe-generating circuit and also displayed 
on a cathode-ray tube indicator so that the output 
can be set to a standard amplitude. The strobing 
circuit employs a multiar to generate a pulse of 
0.02-µsec duration and constant amplitude at a 
selected point on the leading edge of the received 
pulse. 
The circuit does not operate for signals having 

amplitudes less than 1/3rd of the main pulse and 
so discriminates against secondary pulses. 

In order to observe and set the point of opera-
tion of the strobe generator, the pulse is made to 
brighten the trace of the received pulse displayed 
by the c.r.t. amplitude monitor. 
The 002-sec pulse is applied to a 85-kc/s 

amplifier similar in design to the main 127.5-kc/s 
circuits. The output frequency is trebled so that 
it is the same as the output frequency of the 1.f. 
receiver (255 kc/s) and fed to the other channel of 
the phase comparison unit. 
The phase alignment of the equipment is 

checked by injecting into the main receiver and 
into the first i.f. circuit of the u.h.f. receiver 
pulses of about 0.01 ¡sec duration with a p.r.f. of 
42.5 kc/s. These pulses are locked to the received 
127.5 kc/s. The third harmonic is selected by the 
main receiver while harmonics in the 60-Mc/s 
region are selected by the u.h.f. receiver i.f. 
circuits. The harmonics can be considéred as co-
phasal so that any differential phase shifts in the 
two channels of the equipment can be seen on the 
c.r.t. phase indicator and compensated for by the 
phase shifter in the head amplifier circuit. 

It is not necessary to inject the alignment 
signals into the front of the u.h.f. frequency-
changer stage, as this has a very broad pass band 
and tuning the unit has negligible effect on the 
phase shift. As with the monitoring equipment, 
readings were taken with and without the phase 
multiplier in circuit in order to resolve ambiguities. 
Measurements are made by observing the phase 
change on the indicator when the equipment is 
switched from the alignment to the normal 
operating condition. This chaige is divided by 
the appropriate phase multiplication factor 
employed. 
On land, a number of readings were taken at 
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each site over a period of 5-15 minutes, while at 
sea readings were taken at minute intervals, the 
position of the boat being fixed at the same time 
by sextant observations. 
The readings obtained are corrected for any 

deviation from co-linearity of the transmitter, 
monitor and receiver and show the variation of 
the 1.f. phase from point to point. 

7. Performance 
The equipment has been operated under various 

conditions for two years and has shown no major 
defects. This includes operation under adverse 
conditions at sea when, with the automatic gain 
control operating in the u.h.f. receiver, stable and 
repeatable results have been obtained. 

Experience in the alignment and reading of the 
equipment has shown that the observing accuracy 
is of the order of + 0.2° and is small in comparison 
with errors due to other causes. 
One source of error in the equipment is the 

change in feedback conditions in the pulse trans-
mitter which gives rise to changes of pulse shape. 
After a warming-up period of 45 minutes, during 
which the major changes occur, measurements 
taken at a fixed site over periods up to seven 
hours duration showed a standard deviation of 
only 0.3°. 
The manner of earthing the receiving van was 

found to have a marked effect on the phase 
reading obtained; an effective earth resistance of 
400 ohms gave a phase reading of 4° greater than 
that obtained with either a very good or no earth 
connection at all. The reason for this is that the 
capacitance of the van to earth is in parallel with 
its resistance to earth through the earthing pins 
and the resultant impedance is effectively in 
series with the capacitive impedance of the aerial. 
Thus, changes in the resistance of the pins to 
earth will affect the phase of the current flowing 
in the aerial circuit. However, consideration of 
the equivalent circuit shows that, if the earth 
resistance is either very high or very low, the 
whole circuit impedance is substantially capacitive 
and the phase of the voltage across the terminals 
of the receiver, which also has a substantially 
capacitive input impedance, will be the same in 
both cases. At the monitor van a good earth 
consisting of a number of rods driven into the 
ground was employed but, at the receiving van, 
the sites were often such that a good earth could 
not be obtained, so the majority of the measure-
ments were made with no earth connection. 
The overall repeatability of the results was such 

that for points at which observations were made 
at different times and on different days the 
standard deviation was 1.8°. Had more care been 
taken in the precise locating of the vehicles and 
in the degree of earthing, it is considered that 
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this figure could have been reduced to 1°. 
Tests to detect the effect of secondary signals 

from reflecting objects on the u.h.f .. signal were 
made by moving the van over distances of up 
to 100 metres and by rotating the receiving aerial 
so as to reduce the main signal and enhance any 
reflections that may have been present. In no 
case were there observed any reflections which 
would have been of sufficient magnitude to give 
rise to errors of any consequence when the aerial 
was correctly aligned; and the strobing circuit was 
operating correctly. 

8. Practical Results 
A comprehensive series of measurements over 

land to sea boundaries and over various grounds 
of different conductivities has been made with 
the equipment and full details have been published 
elsewhere6. In order to illustrate the type of 
results obtained two typical phase/distance curves 
are shown in Figs. 4 and 5. 

Fig. 4 illustrates the phase variation over the 
sea that occurs when a low-frequency wave passes 
from low conductivity ground to high conductivity 
sea water. About 100 observations were made on 
this path which was traversed several times. The 
variations about the mean line have a standard 
deviation of 0.5° and were due partly to experi-
mental error and partly to local irregularities in 
the phase pattern, the existence of which has been 
amply confirmed by measurements on other paths. 

Fig. 5 shows the very rapid phase variations 
that were measured over land near to a geological 
boundary between chalk and alluvium. 
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Fig. 4. Phase change over sea near a coast line (127.5 kcls). 

9. Conclusions 
An equipment for the investigation of the phase 

variation with distance of low-frequency waves 
propagated along the surface of the ground has 
been described and its use under a variety of 
operational conditions has shown it to be very 
satisfactory. Although designed primarily for 
measurements over the sea, it has proved equally 
useful over land paths up to 60 km long. It has 
the advantage over previous equipment of provid-
ing directly the phase changes due to the finite 

250 

conductivity and inhomogeneities of the ground. 
The instrumental accuracy is about + 0.3° and 
is mainly determined by the shape of the referencu 
pulse and the response of the associated u.h.f. 
equipment. The useful accuracy of measurement 
is, however, less than this value, being about 
+ 0.5° at sea and + 2° on land. The difference 
between the land and sea figures is mainly due to 
the changes in the earthing resistance of th(  
receiving van from one land site to another. 
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Fig. 5. Phase change across a boundary on land (127.5 kcls). 
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CORRESPONDENCE 
Letters to the Editor on technical subjects are always welcome. In publishing such communications 
the Editors do not necessarily endorse any technical or general statements which they may contain. 

Dual of Kirchhoff's Branch-Current Rule 

SIR,—A rule for determining the magnitude of the 
steady-state current in any branch of a network of 
resistors and impressed electromotive forces was given 
by Kirchhoff' in 1847 when, for the second time, he 
published his famous laws of electrical network theory. 
In 1925, Franklin' gave an alternative proof of 
Kirchhoff's result and expressed the rule in the language 
of algebraic topology. In the light of recent develop-
ments in pure network theory, Franklin's version of the 
rule may be stated as follows: 

If the ith branch of a network with cyclomatic index 
c consists of a resistance Ri in series with a constant 
electromotive force source Ei, the steady-state 
current in branch j is given by a fraction whose 
denominator is the sum of all possible products of 
cRis such that the corresponding branches con-
stitute a co-tree8; and whose numerator is the sum 
of all products of c — 1 Ris such that the corres-
ponding branches if open-circuited will leave a 
single tie-set4 containing the jth branch, each such 
product being multiplied by the impressed electro-
motive forces in this tie-set with plus or minus signs 
according as they are or are not in the direction of 
the tie-set determined by the jth branch. 

By exchanging every electrical and topological term 
in this statement for its dual, a second rule is obtained 
which, to the best of my knowledge, has not previously 
appeared in the literature. It is as follows: 

If the ith branch of a network with nodalic index p 
consists of a conductance Gi in parallel with a 
constant current source I, the steady-state potential 
difference across branch j is given by a fraction 
whose denominator is the sum of all possible products 
of pGis such that the corresponding branches con-
stitute a tree': and whose numerator is the sum of 
all products of p - 1 Gis such that the corresponding 

branches if short-circuited will leave a single cut-set" 
containing the jth branch, each such product being 
multiplied by the impressed currents in this cut-set 
with plus or minus signs according as they are or 
are not in the direction of the cut-set determined 
by the jth branch. 

The terms cyclomatic index and nodalic index are 
adopted in preference to Whitney's' corresponding terms 
nullity and rank because the rank of the node-branch 
incidence matrix of the network is also the column-
nullity of the loop-branch incidence matrix and vice 
versa. The term cyclomatic index is due to Listing7; 
I take the liberty of coining the term nodalic index to 
indicate its dual. 

If the nodalic index of a network is less than its 
cyclomatic index, the second rule given above requires 
less effort in application than the first. 

S. R. DEARDS 
Department of Aircraft Electrical Engineering, 
The College of Aeronautics, 

Cranfield. 
27th August 1956. 
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NEW BOOKS 
Correcting Television Picture Faults 
By JOHN CURA and LEONARD STANLEY. Formerly 

"Television Picture Faults". Pp. 69 + x. Published 
for Wireless World by Iliffe & Sons Ltd., Dorset House, 
Stamford Street, London, S.E. I. Price 3s. 6d. (postage 
3d.). 

Including over 150 snapshots from television screens, 
mostly showing the result of various types of faults. The 
cause of each fault is clearly explained, first in simple 
language which the ordinary viewer can understand and 
then in greater detail (printed in different type) for the 
technician. 

CABMA Register 1956-57 of British Products and 
Canadian Distributors 
Pp. 732. Published jointly by Kelly's Directories Ltd. 

and Iliffe & Sons Ltd. for the Canadian Association of 
British Manufacturers and Agencies. Obtainable in the 
U.K. from Iliffe & Sons Ltd., Dorset House, Stamford 
Street, London, S.E.1, price 44s. (including postage); in 
Canada from Managers of British Trade Centres: Royal 
Bank Building, Toronto; Hall Building, Vancouver; 
and Arrowhead Building, Montreal. 
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In its Buyers' Guide, this book provides an alphabetical 
list of some 4,000 British products available to the 
Canadian market, together with their suppliers. There 
is also a directory of 4,500 British firms with details of 
their Canadian distribution arrangements. A further 
section enables products to be identified from proprietary 
names and trade marks. 

Color Television Engineering 
By JOHN W. WENTWORTH. Pp. 459 + xix. McGraw-

Hill Publishing Co. Ltd., 95 Farringdon Street, London, 
E.C.4. Price 60s. 

Fundamentals of Television Engineering 
By GLENN M. GLASFORD. Pp. 642 -F xiv. McGraw-

Hill Publishing Co. Ltd., 95 Farringdon Street, London, 
E.C.4. Price 71s. 6d. 

Vierpoltheorie und Frequenztransformation 
By TORBERN LAURENT. Pp. 299 xii. Springer-

Verlag, Reichpietschufer 20, Berlin, W.35. Price D.M. 
34.50. 

Antennen und Ausbreitung 
By K. FRÂNZ and H. LASSEN. Pp. 332 viii. Springer-

Verlag, Reichpietschufer 20, Berlin, W.35. Price D.M. 45. 
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Time-Saving Network Calculations (2nd Edn.) 
By H. STOCKMAN. Pp. 120. SER Co., 543 Lexington 

Street, Waltham, Mass., U.S.A. Price $1.75. 

Solution of Problems in Telecommunications 
By C. S. HENSON, B.Sc.(Eng.), A.C.G.I., A.M.I.E.E. 

Pp. 258 ± x. Sir Isaac Pitman & Sons Ltd., Parker 
Street, Kingsway, London, W.C.2. Price 25s. 

Studien über einkreisige Schwingungssysteme mit 
Zeitlich verânderlichen Elementen 
By Dr. Sc.Techn. BRUNO RUDOLF GLOOR. Pp. 234 ± x. 

Verlag Leemann, Arbenzstrasse 20, Zürich 34, Switzer-
land. Price S.Fr. 15. 

Udstraling Gennem Dielektriske Kugle-og Cylin-
derskaller 
By M. G. ANDREASEN. Pp. 149 ± ix. In Danish 

with Summary and Bibliography in English. Labora-
toriet for Elektromagnetisk Feltteori, Dan marks 
Tekniske Hojskole, Kobenhavn, Denmark. 
Standard Capacitors 

National Physical Laboratory Notes on Applied 
Science No. 13. Published for Department of Scientific 
and Industrial Research by H.M.S.O., York House, 
Kingsway, London, W.C.2. Price Is. 3d. 

OBITUARY 

We regret to record the death of G. M. Wright, C.B.E., 
B.Eng., M.I.E.E. Born in September 1890, he joined 
Marconi's Wireless Telegraph Company Ltd. in 1912 
and on his retirement in 1954 he was Engineer-in-Chief. 
During both wars, he was attached to the Admiralty. 

I.E.E. CONVENTION ON FERRITES 
Opening on 29th October under the chairmanship of 

Sir Gordon Radley, K.C.B., C.B.E., Ph.D.(Eng.), 
M.I.E.E., at 2.30 p.m., with an introductory lecture by 
Willis Jackson, D.Sc., D.Phil., Dr.Sc.Tech., F.R.S., 
M.I.E.E., this convention is divided into fifteen sessions, 
as follows:— 
A.1. "Chemical and Physical Properties and Prepara-

tion", 5.30 p.m., 29th October. 
A.2. " Magnetic Spectra", 10 a.m., 30th October. 
A.3. "Molecular Interaction", 2.30 p.m., 30th October. 
A.4. "D.C. and L.F. Properties", 10 a.m., 31st October. 
D. "Radio and Television Applications", 10 a.m., 

31st October. 
A.5. "New Materials", 2.30 p.m., 31st October. 
C.1. "Square-Loop Materials", 5.30 p.m., 31st October. 
B.1. "Microwave Introductory Session", 10 a.m., 1st 

November. 
B.2. "Microwave Theory and Measurements", 2.30 

p.m., 1st November. 
C.2. "Square-Loop Applications I", 2.30 p.m., 1st 

November. 
B.3. "Microwave Measurements and Properties", 5.30 

p.m., 1st November. 
C.3. "Square-Loop Applications II", 5.30 p.m., 1st 

November. 
B.4. "Microwave Apparatus I", 10 a.m., 2nd November. 
E. "Carrier Frequency Applications", 10 a.m., 2nd 

November. 
B.5. "Microwave Apparatus II", 2.30 p.m., 2nd 

November. 
Each session comprises from one to five papers. An 

admission ticket is required, which is obtainable by 
completing a registration form. Non-members of the 
Institution are required to pay a registration fee of £1. 

All sessions are being held at the Institution of Elec-
trical Engineers at Savoy Place, Victoria Embankment, 
London, W.C.2. 
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MEETINGS 

I.E.E. 

17th October. "The Electronic Age", Chairman's 
address by R. C. G. Williams, Ph.D., B.Sc.(Eng.). 

19th October. "Experiments for the Electronics 
Laboratory", discussion to be opened by V. H. Attree, 
B.Sc.(Eng.) at 6 o'clock. 
22nd October. "The Use of Transistors in Radio and 

Television", by A. J. Biggs, Ph.D., B.Sc. and E. 
Wolfendale, B.Sc.(Eng.). 
The above meetings will be held at the Institution of 

Electrical Engineers, Savoy Place, Victoria Embank-
ment, London, W.C.2 and will commence at 5.30, except 
where otherwise stated. 

Brit.I.R.E. 

31st October. Annual General Meeting at 6 o'clock 
followed at 7.15 by Presidential Address of G. A. Marriott, 
B.A.(Cantab.), at London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, 
W.C.1. 

The Television Society 

25th October. "A New Picture Tube", by Dr. 
D. Gabür, F.R.S., to be held at the Cinematograph 
Exhibitors' Association, 164 Shaftesbury Avenue, 
London, W.C.2. at 7 o'clock. 

STANDARD-FREQUENCY TRANSMISSIONS 
(Communication from the National Physical Laboratory) 

Values for August 1956 

Date 
1956 

August 

MSF 60 kc/s 
Frequency deviation from nominal*: 

parts in 109 

1 
2 
3 
4 
5 
6 
7 
8 
9 
to 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

+1 
+1 
+1 

N.M. = Not Measured. 
*Nominal frequency is defined to be that frequency corresponding to a 

value of 9 192 631 830 c/s for the N.P.L. caesium resonator. 
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ABSTRACTS and REFERENCES 
Compiled by the Radio Research Organization of the Department of Scientific and Industrial 

Research and published by arrangement with that Department. 

The abstracts are classified in accordance with the Universal Decimal Classification. They are arranged 
within broad subject sections in the order of the U.D.C. numbers, except that notices of book reviews are 
placed at the ends of the sections. U.D.C. numbers marked with a dagger (f) must be regarded as pro-
visional. The abbreviations of journal titles conform generally with the style of the World List of Scientific 
Periodicals. An Author and Subject Index to the abstracts is published annually; it includes a selected 

list of journals abstracted, the abbreviations of their titles and their publishers' addresses. 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.112 2929 
Investigation of the Dependence of the Number 

of Antinodes on a Linear Elastic Body on the 
Tension of the Individual Mass Elements, as 
demonstrated by Transverse Waves on Strings.— 
H. Fark. (Frequenz, March 1956, Vol. 10, No. 3, pp. 
89-91.) 

534.121.1 2930 
Vibrations of a Rectangular Plate with Dis-

tributed Added Mass.—H. Cohen & G. Handelman. 
(J. Franklin Inst., March 1956, Vol. 261, No. 3, pp. 
319-329.) 

534.2-14 2931 
An Estimate of the Effect of Turbulence in the 

Ocean on the Propagation of Sound.—J. A. Knauss. 
(J. acoust. Soc. Amer., May 1956, Vol. 28, No. 3, pp. 
443-446.) 

534.2-8-14 2932 
The Absorption of Ultrasonic Waves in Water 

and its Dependence on the Temperature and Air 
Content of the Water.—S. K. Mukhopadhyay. 
(Acustica, 1956, Vol. 6, No. 1, pp. 25-34. In German.) 
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534.21-16 : 549.514.5 2933 
Propagation of Longitudinal Waves and Shear 

Waves in Cylindrical Rods at High Frequencies.— 
H. J. McSkimin. (J. acoust. Soc. Amer., May 1956, Vol. 
28, No. 3, pp. 484-494.) General theory is presented, 
and experimental results are reported for propagation 
at 10-25 Mc/s in fused-silica rods of radius 1-13 cm. 

534.22-14 : 546.212 2934 
Temperature Coefficient of the Speed of Sound 

in Water near the Turning Point.—M. Greenspan, 
C. E. Tschiegg & F. Breckenridge. (J. acoust. Soc. Amer., 
May 1956, Vol. 28, No. 3, p. 500.) Results of measure-
ments at a frequency of 15.3 kcis and temperatures 
between 70° and 77.5°C are presented graphically. The 
temperature coefficient ,34 is given by the formula 
— 25.9 (T — 73.95) x 10-5/°C and the calculated velocity 
is 1 555-5 m/s at the turning point 73.95°C. 

534.22-14 : 546.212 2935 
Effect of Dissolved Air on the Speed of Sound in 

Water.—M. Greenspan & C. E. Tschiegg. (J. acoust. 
Soc. Amer., May 1956, Vol. 28, No. 3, p. 501.) The effect 
of dissolved air does not exceed 1 part in 105 at 
temperatures of 31.8° and 0°C. 

534.231 2936 
The Radiation Force on a Spherical Obstacle in 

a Cylindrical Sound Field.—T. F. W. Embleton. 
(Canad. J. Phys., March 1956, Vol. 34, No. 3, pp. 276-
287.) A general expression is obtained for the radiation 
force in terms of the complex amplitudes of spherical 
harmonics required to synthesize the incident field. The 
results are qualitatively the same as for a spherical field 
(1636 of 1954), but the point at which the force changes 
from attraction to repulsion, for a given obstacle size 
and sound frequency, is nearer the source. 

534.232 2937 
Directional Circular Arrays of Point Sources.— 

W. Welkowitz. (J. acoust. Soc. Amer., May 1956, Vol. 
28, No. 3, pp. 362-366.) The Fourier-series solution for 
the radiation field of a circular current sheet presented 
by LePage et al. (31 of 1951) is applied to the synthesis 
of a sound field expressed in the form of a Tchebycheff 
polynomial. This leads to an exact solution in closed 
form for the amplitude and phase of excitation of the 
transducer elements when the main lobe width of the 
radiation pattern, the side-lobe suppression and the array 
circle diameter are specified. Some numerical results 
are given. 

534.24 [538.566 : 535.42 2938 
Fourier-Transform Method for the Treatment of 

the Problem of the Reflection of Radiation from 
Irregular Surfaces.—W. C. Meecham. (J. acoust. Soc. 
Amer., May 1956, Vol. 28, No. 3, pp. 370-377.) 
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534.52 2939 
Scattering of Sound by Sound.—U. Ingard & D. C. 

Pridmore-Brown. (J. acoust. Soc. Amer., May 1956, 
Vol. 28, No. 3, pp. 367-369.) "Calculations and 
measurements are reported of the summation and differ-
ence frequency components which are scattered from 
the interaction region of two sound beams in air inter-
secting each other at right angles." 

534.64 + 621.317.73 2940 
An Impedance Measuring Set for Electrical, 

Acoustical and Mechanical Impedances.—Ayers, 
Aspinall & Morton. (See 3149.) 

534.64 2941 
Some Notes on the Measurement of Acoustic 

Impedance.-0. K. Mawardi. (J. acoust. Soc. Amer., 
May 1956, Vol. 28, No. 3, pp. 351-356.) The theory of 
a plane-wave method of measuring the acoustic imped-
ance of a specimen in a tube is developed and the effect 
of surface irregularities is investigated. 

534.75 2942 
Intelligibility of Diphasic Speech.—G. E. Peterson, 

E. Sivertsen & D. L. Subrahmanyam. (J. acoust. Soc. 
Amer., May 1956, Vol. 28, No. 3, pp. 404-411.) The 
effect on intelligibility of the switching rate at which 
successive portions of the speech signal are reversed in 
phase was investigated; the intelligibility was high at 
switching frequencies up to 100 c/s. 

534.78 : 621.39 2943 
The Vobanc—a Two-to-One Speech Bandwidth 

Reduction System.—B. P. Bogert. (J. acoust. Soc. 
Amer., May 1956, Vol. 28, No. 3, pp. 399-404.) The 
Vobanc (voice band compression) system is described 
and the characteristics of experimental equipment are 
given. See also 2605 of September (Kock). 

534.79 2944 
The Significance of the ' Frequency Group' for 

the Loudness of Sounds.—H. Bauch. (Acustica, 1956, 
Vol. 6, No. 1, pp. 40-45. In German.) Report of an 
experimental investigation of the effect on the subjective 
loudness of a complex tone of the frequency separation of 
the component tones, for different absolute frequencies, 
intensity levels and relative phases. The ' frequency 
group ' is the term applied to a critical bandwidth; for 
lower values of bandwidth the ear assesses the loudness 
as for a single tone. Intensity fluctuations can still be 
perceived at frequencies < 3 c/s. 

534.833.4 : 538.569.2/.31.029.6 2945 
Absorption Devices for Centimetre Electro-

magnetic Waves and their Acoustic Analogues.— 
Meyer & Severin. (See 3037.) 

534.844/.845 2946 
Determination of the Form of Reverberation 

Chambers for Measurements.—G. Venzke. (Acustica, 
1956, Vol. 6, No. 1, pp. 2-11. In German.) The 
influence of the shape and size of the reverberation 
chamber on the measurement results obtained has been 
investigated experimentally; procedure recommended 
in German Standard DIN 52212 was used. For com-
parison, calculations were made of the curvature to be 
expected in the reverberation curves for rectangular 
rooms of different sizes. In addition, independent 
measurements were made of the absorption coefficient 
of a particular material in two separate sets of rooms, 
each set ranging in volume from 83 to 258 ms. The 
results indicate that the uncertainty of measurements 
increases with decrease of room size, especially for 
highly absorbent materials. Rooms with non-parallel 
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plane walls are not necessarily better than rectangular 
rooms. 

534.846.6 2947 
Accuracy of Matching for Bounding Surfaces of 

Acoustic Models.—A. F. B. Nickson & R. W. Muncey. 
(Acustica, 1956, Vol. 6, No. 1, pp. 35-39.) A theoretical 
study is reported of the extent to which precise matching 
of the specific acoustic impedance of the surfaces of the 
model with those of the original space is possible or 
necessary. 

534.861.1 : 621.376.223 2948 
Sound Transformations in Broadcasting Studio 

Technique, particularly by Application of Fre-
quency Conversion.—L. Heck & F. Bürck. (Elektron-
ische Rundschau, Jan. 1956, Vol. 10, No. 1, pp. 1-7.) 
The production of special sound effects particularly by 
means of a ring modulator, is discussed. 

621.395.616 2949 
Air-Stiffness Controlled Condenser Microphone. 

—T. J. Schultz. (J. acoust. Soc. Amer., May 1956, Vol. 
28, No. 3, pp. 337-342.) The construction and charac-
teristics of small microphones using rubber hydrochloride 
(pliofilm), vinylidene chloride (saran), or polyethylene 
terephthalate (mylar) membranes, are described. 

621.395.623.7.012 2950 
A Method for the Measurement of the Directivity 

Factor [of loudspeakers].—G. Sacerdote & C. B. 
Sacerdote. (Acustica, 1956, Vol. 6, No. 1, pp. 45 48.) 

2951 
621.395.625.3 + 621.395.92 + 621.396.62] : 621.314.7 
Transistor Circuitry in Japan.—(See 3204.) 

621.395.625.3 : 534.86 2952 
An Acoustic Time-Regulator for Sound Record-

ings.—A. M. Springer. (Elektrotech. Z., Edn B, 21st 
March 1956, Vol. 8, No. 3, pp. 93-96.) The reproduction 
of a magnetic-tape recording may be expanded or com-
pressed in time, without changing the pitch, by changing 
the speed of the tape and simultaneously moving the 
pick-up head so as to keep their relative speed constant. 
This is achieved by using a quadruple rotating pick-up 
head in conjunction with the mechanical coupling to the 
tape-drive motor described. For a short description, in 
English, see Electronics, June 1956, Vol. 29, No. 6, pp. 
184-188. 

AERIALS AND TRANSMISSION LINES 

621.315.212.011.3 2953 
The Mean Geometrical Distances of a Circle.— 

H. Schering. (Elektrotech. Z., Edn A, 1st Jan. 1956, Vol. 
77, No. 1, pp. 12-13.) Simple formulae are derived for the 
mean distances of a circle from itself and from a surface 
enclosed by it. The formulae involve power series whose 
convergence is such that they need not be taken beyond 
the quadratic term. Further formulae are derived for 
the inductance of coaxial lines with inner conductors of 
various cross-sections. 

621.372.2 2954 
Theory of Helical Lines.--S. Kh. Kogan. (C. R. 

Acad. Sci. U.R.S.S., 1st April 1956, Vol. 107, No. 4, 
pp. 541-544. In Russian.) The dispersion characteristics 
of helical lines are derived, taking into account both of 
the orthogonal components of the current in the case of 
a thin helical strip or of the field in a helical slit cut in a 
thin metallic cylinder. Calculated characteristics for 
three different conductor-width/spacing ratios are 
presented graphically. 
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621.372.2 2955 
The Propagation of Electromagnetic Waves along 

a Helical Strip in a Circular Waveguide.—E. V. 
Anisimov & N. M. Sovetov. (Zh. tekh. Fiz., Oct. 1955, 
Vol. 25, No. 11, pp. 1965-1971.) Theory is developed 
for the case of an ideally conducting strip. The e.m. 
wave at certain frequencies is the sum of a number of 
components; these are given by equations (16). The 
results can be applied to more complex helical systems. 

621.372.2 : 621.372.8 2956 
Electromagnetic Surface Waves in Rectangular 

Channels.—M. A. Miller. (Zh. tekh. Fiz., Oct. 1955, 
Vol. 25, No. 11, pp. 1972-1982.) The conditions neces-
sary for a surface wave to be guided by a rectangular 
channel are discussed; no surface waves can be present 
in a channel with an ideally conducting bottom. Analysis 
is presented for two systems which would act as wave-
guides: (a) channels with longitudinal or transverse 
partitions on the bottom, and (b) channels with curved 
bottom. The optimum operating conditions are estab-
lished for these two cases. 

621.372.8 2957 
Transitions from the TE01 Mode in a Rectangular 

Waveguide to the TEn Mode in a Circular Wave-
guide.—F. Mayer. (J. Phys. Radium, March 1956, Vol. 
17, Supplement to No. 3, Phys. appl., pp. 52A-53A.) 
Brief descriptions are given of a graded-cross-section 
coupling of length about 12 cm, and of a A/4 transformer 
giving satisfactory operation over a 500-Mc/s band 
centred on 9.35 kMc/s. 

621.372.8 : 538.221 : 538.614 2958 
Ferrites in Waveguides.—G. H. B. Thompson. (J. 

Brit. Instn Radio Engrs, June 1956, Vol. 16, No. 6, pp. 
311-328.) A survey covering the theory of the gyro-
magnetic mechanism controlling the microwave perme-
ability of a ferrite, and of wave propagation in circular 
or rectangular waveguides containing longitudinally or 
transversely magnetized ferrites. Devices based on 
resonance absorption or on nonreciprocal transmission 
are described, including gyrators, isolators and phase 
circulators; the different types are compared in respect 
of ease of construction and performance at a single 
frequency or over a band. Methods of measuring the 
components of the ferrite permeability tensor are 
discussed. 

621.372.8 : 621.318.134 2959 
Broad-Band Nonreciprocal Phase Shifts— 

Analysis of Two Ferrite Slabs in Rectangular 
Guide.—S. Weisbaum & H. Boyet. (J. appl. Phys.. 
May 1956, Vol. 27, No. 5, pp. 519-524.) A differential 
phase shift equalized over a wide frequency band can be 
produced by using two ferrite slabs of different thickness 
and magnetic properties but magnetized in the same 
direction. Analysis is given for the general case. 
Examination of a particular example indicates that a 
differential phase shift of ir can be obtained constant to 
within ± 2.5% over the frequency range 5.925-6.425 
kMcis using ferrite slabs 5.4 in. long in a waveguide 
1.59 in. wide. 

621.396.674.3 2960 
Radiation from an Electric Dipole in the Presence 

of a Corrugated Cylinder.—J. R. Wait. (Appt. sci. 
Res., 1956, Vol. B6, Nos. 1/2, pp. 117-123.) "A solution 
is outlined for the problem of an electric dipole which is 
located outside and parallel to the axis of a circular 
cylinder of infinite length. The corrugated surface of 
the cylinder is assumed to be described by an anisotropic 
boundary impedance which specifies the ratios of the 
tangential electric and magnetic fields. It is shown that, 
in general, the radiated field is elliptically polarized." 
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621.396.674.3 : 621.396.11 2961 
Radiation from a Vertical Antenna over a Curved 

Stratified Ground.—Wait. (See 3190.) 

621.396.677.71 2962 
Calculated Radiation Characteristics of Slots cut 

in Metal Sheets: Part 2.—J. R. Wait & R. E. Walpole. 
(Ganad. J. Technol., March 1956, Vol. 34, No. 2, pp. 
60-70.) " Theoretical radiation patterns are presented 
for antennas consisting of a notch cut in the edge of a 
perfectly conducting half-plane and a vanishingly thin 
elliptic cylinder. The principal plane patterns for these 
two cases are found to be very similar. The conductance 
of the notch is also considered." Part 1: 3160 of 1955. 
See also 1309 of May (Frood & Wait). 

621.396.677.833 2963 
Aerial with Wide-Lobe Radiation Pattern.—L. 

Thourel. (Ann. Radioélect., Oct. 1955, Vol. 10, No. 42, 
pp. 348-354.) The design of a parabolic-reflector aerial 
with a sector-shaped radiation pattern is discussed, such 
as is desirable for long-range surveillance radar installa-
tions. Analysis indicates that the optimum radiation 
pattern for the primary radiator consists of a principal 
lobe with two counter-phased side lobes; a suitable 
arrangement for producing such a pattern is a twin-horn 
radiator. Experimental results supporting the theory 
are presented. 

621.396.677.85 2964 
Designing Dielectric Microwave Lenses.—K. S. 

Kelleher. (Electronics, June 1956, Vol. 29, No. 6, pp. 
138-142.) Design data for Maxwell, Luneberg, Eaton, 
Kelleher and modified types of variable-refractive-index 
lenses. 

AUTOMATIC COMPUTERS 

681.142 2965 
The Logical Design of an Idealized General-

Purpose Computer.—A. W. Burks & I. M. Copi. (J. 
Franklin Inst., March & April 1956, Vol. 261, Nos. 3 & 
4, pp. 299-314 & 421-436.) A detailed discussion 
emphasizing the distinction between the logic require-
ments and the particular physical form of a digital 
computer. 

681.142 2966 
Analog Computers for the Engineer.—J. M. 

Carroll. (Electronics, June 1956, Vol. 29, No. 6, pp. 
122-129.) A review of computer techniques, with 
tabulated data for some 20 commercially available types. 

681.142 2967 
Electronic Methods of Analogue Multiplication.— 

Z. Czajkowski. (Electronic Engng, July & Aug. 1956, 
Vol. 28, Nos. 341 & 342, pp. 283-287 & 352-355.) A 
general survey of the principles used; different systems 
are compared as to accuracy, speed and complexity. 

681.142 2968 
High-Speed Electronic-Analogue Computing 

Techniques.—D. M. MacKay. (Proc. Instn elect. Engrs, 
Part B, July 1956, Vol. 103, No. 10, pp. 558-559.) 
Discussion on 3499 of 1955. 

681.142 2969 
An Analog Computer for the Solution of 

Tangents.—F. S. Preston. (Trans. Inst. Radio Engrs, 
Sept. 1955, Vol. EC-4, No. 3, pp. 101-106.) A modified 
Wheatstone-bridge arrangement is described, permitting 
computation of the tangents of angles between 0° and 
90°. Only linear elements are used. The accuracy 
achieved is within 1 part in 2 500. The design of 
plug-in units is discussed. 
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681.142 2970 
Design of Diode Function Simulators.-A. D. 

Talantsev. (Avtomatika i Telemehhanika, Feb. 1956, 
Vol. 17, No. 2, pp. 129-139.) 

681.142 : 061.3 2971 
Digital Computer Techniques.-D. B. G. Edwards. 

(Nature, Lond., 9th June 1956, Vol. 177, No. 4519, pp. 
1069-1071.) Brief report of a convention held at the 
Institution of Electrical Engineers, London, in April 
1956. 58 papers were presented; the full text, together 
with reports of the discussion, is to be published in three 
sections as a supplement to Proc. Instn elect. Engrs, 
l'art B. 

681.142 : 621.374.3 2972 
A Variable Multiple Pulse-Stream Generator.-

W. Woods-Hill. (Electronic Engng, July 1956, Vol. 28, 
No. 341, pp. 306-307.) Apparatus designed for checking 
the logic of electronic computer circuits which require 
numerous pulse streams for their operation is described. 
The electrostatic pickup described previously (1632 of 
June) is used. 

681.142 : 621.384.612 2973 
Analog Computer for the Differential Equation 

y" f(x)y g(x) 0.-E. Bodenstedt. (Rev. sci. In-
strum., April 1956, Vol. 27, No. 4, pp. 218-221.) A 
high-precision electromechanical system developed from 
that mentioned previously (830 of 1955) uses a torsion 
pendulum whose motion corresponds to the given 
expression; the solutions are obtained from photographic 
records of the motion. 

681.142 : 621.385.132 2974 
Binary Adder uses Gas-Discharge Triode.-

Maynard. (See 3261.) 

681.142.002.2 2975 
Pulse Circuits fabricate Computer Code Disk.-

E. M. Jones. (Electronics, June 1956, Vol. 29, No. 6, 
pp. 146-149.) " Frequency divider, counter, gate and 
wave-shaping circuits control 'optical circle-dividing 
machine to produce 16-bit pattern on photosensitive 
glass disk. Used for analog-to-digital conversion, the 
code disk has a pattern accuracy of ±0.0001 inch and 
can be made in about 2 hours." For another account, 
see Proc. nat. Electronics Coif, Chicago, 1955, Vol. 11, 
pp. 288-299 (Jones et al.). 

681.142 2976 
An Introduction to Electronic Analogue Com-

puters. [Book Review]-C. A. A. Wass. Publishers: 
Pergamon Press, London, 1955, 237 pp., 40s. (Brit. J. 
appl. Phys., April 1956, Vol. 7, No. 4, p. 157.) 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.018.3 2977 
An Experimental Investigation of Subharmonic 

Oscillations in a Nonlinear System.-K. Gdransson 
& L. Hansson. (Kungl. tek. Hagsk. Handl., Stockholm, 
1956, No. 97, 16 pp. In English.) Forced subharmonic 
oscillations in a circuit containing an iron core are 
studied. Damping is reduced by means of feedback, so 
that measurements can be effected at very low driving 
voltages and subharmonics up to the ninth. Results are 
in good agreement with theory developed by Lundquist 
(1269 of May) for low driving voltages. 
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621.316.8 : 621.372.44 : 621.314.26 2978 
Frequency Conversion with Positive Nonlinear 

Resistors.-C. H. Page. (J. Res. nat. Bur. Stand., 
April 1956, Vol. 56, No. 4, pp. 179-182.) Positive 
nonlinear resistors are defined as two-terminal devices 
through which the current I is a real finite single-valued 
nondecreasing function of the voltage V across the 
terminals, with the added condition that / (0) = 0. 
When subjected to an almost periodic voltage such a 
resistor will absorb power at some frequencies and supply 
power at other frequencies. Analysis indicates that 
modulation efficiency cannot exceed unity, that sub-
harmonics are not 'produced, and that the efficiency of 
generating an nth harmonic cannot exceed 1/n2. 

621.318.4 2979 
Winding Focus Coils with Aluminium Foil.-

(Lelectronics, July 1956, Vol. 29, No. 7, pp. 244..252.) 
Coils of Al foil with a thin coating of Al oxide are wound 
with no additional insulation. 

621.319.4 : 621.315.615.9 2980 
Polychloronaphthalene- Impregnated-Paper 

Capacitors.-J. Coquillion. (Rev. gén. Elect., March 
1956, Vol. 65, No. 3, pp. 185-193.) Polychloronaph-
thalene waxes are particularly suitable for use as 
impregnants in paper-dielectric capacitors, having stable 
characteristics at temperatures as high as 110°C or over. 
In certain cases an aging effect is avoided by allowing 
the wax to cool from the liquid to the solid state under 
the influence of an a.c. or d.c. field. This phenomenon 
is discussed in relation to the dipole nature of the waxes. 

621.319.4 : 621.317.3 : 681.142 2981 
Industrial Measurement of the Temperature 

Coefficient of Ceramic-Dielectric Capacitors.-
Peyssou & Ladefroux. (See 3136.) 

621.319.45 2982 
Tantalum Solid Electrolytic Capacitors.-D. A. 

McLean & F. S. Power. (Proc. Inst. Radio Engrs, July 
1956, Vol. 44, No. 7, pp. 872-878.) A capacitor with 
low volume/capacitance ratio is obtained by forming a 
layer of Taa0, on a porous Ta anode and then depositing 
a number of coatings of Mn02 to form a solid electrolyte. 
The unit is further coated with graphite, and a layer of 
Pb-Sn alloy is sprayed on to form the cathode. Tempera-
ture, frequency and life characteristics are reported. 

621.372 2983 
Inter-reciprocity applied to Electrical Networks. 

-J. L. Bordewijk. (Appt. sci. Res., 1956, Vol. B6, 
Nos. 1/2, pp. 1-74.) A new concept, 'inter-reciprocity', 
is introduced which is useful in the study of nonreciprocal 
networks. When a particular topological operation 
termed 'transposition' is performed on a given linear 
network, the initial network and the resulting transposed 
network are said to be inter-reciprocal. Application of 
the theory to a variety of general and special circuit 
problem's is illustrated; the noise properties of gyrator, 
triode and transistor networks are discussed. 

621.372 : 621.3.018.752 : 621.397.8 2984 
The Effect upon Pulse Response of Delay Varia-

tion at Low and Middle Frequencies.-M. V. 
Callendar. (Proc. Instn elect. Engrs, Part B, July 1956, 
Vol. 103, No. 10, pp. 475-478.) "Calculations are given 
for the magnitude and form of the distortion introduced 
into a square wave by a network or system which 
exhibits uniform transmission except for increasing (or 
decreasing) phase delay in the low-mid-frequency region. 
The fractional peak distortion is found to be equal to 
twice the area under the curve relating T. to frequency, 
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where T„ is the delay relative to that at high frequencies. 
The waveform of the distortion is given for several simple 
shapes of curve for T„. This distortion is especially 
characteristic of vestigial-sideband systems, and occurs 
in television as a 'pre-shoot' before a transition and as a 
smear (in principle equal, but opposite, to the pre-shoot) 
after it." 

621.372.012 2985 
Feedback Theory-Further Properties of Signal 

Flow Graphs.-S. J. Mason. (Proc. Inst. Radio Engrs, 
July 1956, Vol. 44, No. 7, pp. 920-926.) Continuation 
of theory presented previously (3531 of 1953). 

621.372.41 : 621.318.424 2986 
Transient Behavior in a Ferroresonant Circuit.-

]. G. Skalnik. (J. appl. Phys., May 1956, Vol. 27, No. 5, 
pp. 508-513.) An analysis is made of the response to a 
sinusoidal voltage of a circuit including a nonlinear 
inductor. For certain frequency values of the applied 
voltage there are three possible values for the flux in 
the inductor, of which the middle value is unstable. The 
differential equation representing the circuit has been 
solved using an analogue computer. For the case when 
the system is released in the region of the lower stable 
state, the solution corresponds to two sinusoidal oscilla-
tions of different amplitude and frequency. If the system 
is released in the region of the upper stable state, 
the solution corresponde to an oscillation modulated 
in amplitude and phase, for certain values of the 
parameters. 

621.372.413: 621.317.337 2987 
Measurement of the Q-Factor of Cavity Resona-

tors, using a Straight Test Line.-Urbarz. (See 
3141.) 

621.372.44 : 621.372.6 2988 
Some General Properties of Nonlinear Elements: 

Part 1-General Energy Relations.-J. M. Manley & 
H. E. Rowe. (Proc. Inst. Radio Engrs, July 1956, Vol. 
44, No. 7, pp. 904-913.) An analysis is made of power 
relations in networks with reactive nonlinear elements. 
Two equations are derived relating the powers at different 
frequencies; the only assumption introduced is that the 
nonlinear characteristic is single-valued. The theory is 
relevant to the operation of modulators, demodulators 
and harmonic generators. 

621.372.5(083.5) 2989 
Tables of Phase of a Semi-infinite Unit Attenua-

tion Slope.-D. E. Thomas. (Bell Syst. tech. J., May 
1956, Vol. 35, No. 3, pp. 747-749.) The five-figure tables 
published previously (968 of 1948) are to appear together 
with newly prepared seven-figure tables as Bell System 
Monograph 2550. 

621.372.51 : 621.372.22 2990 
Fundamentals in the Synthesis of Loss-Free 

Quadripoles from Lines with Continuous Non-
uniformities.-H. Meinke. (Nachrichtentech. Z., March 
1956, Vol. 9, No. 3, pp. 99-106.) The synthesis is 
facilitated by appropriate choice of line coordinates and 
a polynomial representation of the characteristic im-
pedance. Application to problems of wide-band trans-
formation and matching are illustrated. 

621.372.51 : 621.396.67 2991 
Impedance Quadripoles for the Frequency Com-

pensation of Aerial Input Impedance.-R. Herz. 
(Nachrichtentech. Z., March 1956, Vol. 9, No. 3, pp. 
128-133.) Networks with one or two frequency-
independent resistances are discussed which are capable 
of effecting wide-band matching with lower losses than 
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reactive circuits at frequencies up to 1 kMcis or above. 
Composite coaxial-line sections are used; in an applica-
tion to a dipole aerial for use with a parabolic-cylinder 
reflector, the compensating coaxial line serves as support 
for the dipole. 

621.372.54 : 621.375.132 : 621.3.018.75 2992 
Normalized Representation of Transients in 

Filter Amplifiers with Double-T Elements.-H. 
Dobesch. (Hochfrequenztech. u. Elelitroaliust., Jan. 1956, 
Vol. 64, No. 4, pp. 102-107.) The response of amplifiers 
with frequency-dependent negative feedback is analysed 
for various pulse and step waveforms; the frequency 
spectrum corresponding to' a train of square pulses is 
determined. 

621.372.542.2 2993 
A Solution to the Approximation Problem for 

RC Low-Pass Filters.-K. L. Su & B. J. Dasher. 
(Proc. Inst. Radio Engrs, July 1956, Vol. 44, No. 7, pp. 
914-920.) A method of synthesizing filters is described 
in which elliptic functions are used to effect a trans-
formation in the complex-frequency plane which results 
in a symmetrical arrangement of the zeros and poles. 
Some design charts are included. 

621.372.57 : [621.385 + 621.314.7 2994 
A Particular Case of the Application of the 

Matrix Method to Radio Engineering.-B. Ya. 
Yurkov. (Zh. tehh. Fis., Oct. 1955, Vol. 25, No. 11, pp. 
1988-1993.) Use of the matrix method in analysis of 
the operation of quadripoles including thermionic valves 
or transistors is discussed. A simple method is proposed 
for carrying out the necessary transformations to the 
formulae on passing from the one case to the other. 

621.373 ± 621.375.9] : 538.561.029.6 2995 
Application of Electron Spin Resonance in e 

Microwave Oscillator or Amplifier.-Combrisson, 
Honig & Townes. (See 3032.) 

621.373.421 2996 
Constant-Frequency Oscillators.-L. B. Lukas-

zewicz. (Wireless Engr, Aug. 1956, Vol. 33, No. 8, pp. 
201-202.) Comment on 697 of March (Gladwin). 

621.373.421 2997 
Bridge-Stabilized Oscillators and their Deriva-

tives.-E. J. Post & J. W. A. van der Scheer. (I. Brit. 
Instn Radio Engrs, June 1956, Vol. 16, No. 6, p.p. 345-
350.) Reprinted from PTT-Bedrijf, Sept. 1955, Vol. 6, 
No. 4. General analysis is presented for the operation 
of the bridge-stabilized feedback oscillator, and modi-
fications obtained by interchanging bridge elements 
crosswise or by unbalancing the bridge are discussed. 

621.373.421.13 : 621.372.412 : 621.316.726 2998 
Frequency Stability and Quartz-Controlled 

Oscillators.-A. Erkens. (Ann. Radioélect., Oct. 1955, 
Vol. 10, No. 42, pp. 399-405.) The operation of some 
commonly used types of crystal-controlled oscillator is 
reviewed. Frequency can be held constant to within a 
factor of 10-8 over a period of months by using a Y-bar 
crystal resonator. 

621.373.431.1 2999 
Bistable Circuits using Triode-Pentodes.-H. L. 

Armstrong. (Electronics, July 1956, Vol. 29, No. 7, pp. 
210..214.) Note on the operation of multivibrator-type 
circuits in which one feedback path is provided by 
connecting triode anode to pentode screen, leaving one 
grid free for triggering, gating or modulation. 
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621.373.432 3000 
Simple Method for producing H.F. Pulses of 

Short Duration and Large Amplitude.-A. V. J. 
Martin. (J. Phys. Radium, March 1956, Vol. 17, No. 3, 
p. 310.) Pulses of duration about 10 ihs and peak-to-peak 
amplitude about 240 V are obtained from the tuned 
secondary of a transformer in the cathode circuit of a 
thyratron. 

621.373.52 + 621.375.4] : 621.314.7 3001 
Applications for Tandem Transistors.-H. E. 

Hollmann. (T ele-T ech & Electronic. Ind, Feb. 1956, Vol. 
15, No. 2, pp. 58-59..114.) The tandem transistor, 
consisting of two transistors housed in a single container 
and cascaded so that one acts as the base leak for the 
next, may be used as an amplifier with high input 
impedance and in various applications in which single 
grounded-emitter stages are normally used. 

621.373.52.029.3 3002 
Superregenerative Transistor Oscillator.-R. J. 

Kircher 8c I. P. Kaminow. (Electronics, July 1956, Vol. 
29, No. 7, pp. 166-167.) The circuit described generates 
pulses of 500-c/s tone at a rate of 7/sec. The performance 
with different values of quench capacitor, bias, feedback, 
etc. is shown graphically. 

621.374 3003 
Investigation of Special Frequency Dividers with 

Large Dividing Ratio.-E. O. Philipp. (Z. angew. 
Phys., March 1956, Vol. 8, No. 3, pp. 119-126.) Two 
frequency dividers and one pulse counter are developed 
on the basis of Kroebel's work (383 of 1955). These give 
stable dividing ratios of 100 and 200 at input pulse 
frequencies of 4 Mc/s and 31.25 kc/s respectively. The 
counter can handle irregular pulses spaced at intervals 
of 1-50 ms. 

6?1.374.3 : 621.385.5.032.24 3004 
A New High-Slope Multigrid Valve and its Appli-

cation in Pulse and Switching Circuits.-Gosslau & 
Guber. (See 3262.) 

621.374.32 : 621.314.7 3005 
A Point-Contact Transistor Scaling Circuit with 

0-4-tas Resolution.-G. B. B. Chaplin. (Proc. Instn 
elect. Engrs, Part B, July 1956, Vol. 103, No. 10, pp. 
505-509. Discussion, pp. 516-518.) Simple circuits 
using normal point-contact transistors are described; 
features contributing to the short resolving time are the 
prevention of bottoming of collector potential and the 
absence of capacitors. A typical scale-of-ten circuit uses 
seven transistors, seven pulse transformers and 14 crystal 
diodes. Wide tolerances on the transistor parameters 
are permissible. 

621.374.32 : 621.314.7 3006 
A Junction-Transistor Scaling Circuit with 2-its 

Resolution.-G. B. B. Chaplin & A. R. Owens. (Proc. 
Instn elect. Engrs, Part B, July 1956, Vol. 103, No. 10, 
pp. 510-515. Discussion, pp. 516-518.) The basic 
circuit discussed is a binary scaler using a differentiating 
transformer instead of capacitors for coupling; the speed 
of operation thus depends only on the transistor charac-
teristics. Scale-of-5 and scale-of-10 circuits built up 
from the basic circuit are described. 

621.375.2 : 621.385.3.029.63 3007 
Disc-Seal Triode Amplifiers.-G. Craven. (Wire-

less Engr, Aug. 1956, Vol. 33, No. 8, pp. 179-183.) "The 
design of a resonant ir-type coupling network for disc-
seal triodes operating in the earthed-grid connection at 
frequencies in the range 300-3 000 Mcis is considered. 

A.220 

A coaxial form of line is adopted. Tuning for a small 
range can be by a 'screw' or, for a larger range, by a 
built-in capacitance. Complete amplifiers can give 100-W 
output and 30-dB gain using three stages." 

621.375.2 : 621.385.5 : 621.314.7 3008 
Higher Pentode Gain.-L. Levy. (Electronics, July 

1956, Vol. 29, No. 7, pp. 190..196.) Note on the use 
of a transistor as an anode load. 

621.375.232.029.3 : 621.396.822 3009 
Noise in an Amplifier Stage with Negative 

Voltage Feedback.-H. Nottebohm. (Elektronische 
Rundschau, March 1956, Vol. 10, No. 3, pp. 57-62.) The 
problem is considered with particular reference to the 
input circuit of an amplifier for a magnetic tape recorder. 
Analysis indicates that frequency distortion inherent in 
the system can be corrected by use of negative feedback 
at the input valve, and indicates the existence of an 
optimum ratio for the input transformer, from the point 
of view of signal/noise ratio. 

621.375.232.3.029.3 3010 
Triode Cathode-Followers for Impedance Match-

ing to Transformers and Filters.-T. J. Schultz 
(Trans. Inst. Radio Engrs, March/April 1955, Vol. AU-3, 
No. 2, pp. 2837.) Design curves derived from measure-
. ments on five different types of triode are presented. 

• 
621.375.232.9 3011 
An Improved Type of Differential Amplifier.-

J. C. S. Richards. (Electronic Engng, July 1956, Vol. 28, 
No. 341, pp. 302-305.) "A differential amplifier stage 
capable of giving a high rejection ratio with unselected 
valves and components and without a balance control is 
analysed, and a particular amplifier is described in some 
detail. The stage is particularly suitable for converting 
balanced to unbalanced signals." 

621.375.3 3012 
Comparison of some Magnetic-Amplifier Cir-

cuits with Internal Feedback.-A, B. Gorodetski. 
(Avtomatika i Telemekhanika, Feb. 1956, Vol. 17, No. 2, 
pp. 147-159.) 

621.375.3 3013 
Push-Pull Magnetic Amplifier with Direct-

Current Output.-R. Kh. Bal'yan. (Avtomatika i 
Telemekhanika, Feb. 1956, Vol. 17, No. 2, pp. 160-171.) 

621.375.3 : 621-526 3014 
Decicycle Magnetic-Amplifier Systems for 

Servos.-L. J. Johnson & S. E. Rauch. (Elect. Engng, 
N.Y., March 1956, Vol. 75, No. 3, p. 243.) Digest of 
paper published in Trans. Amer. Inst. elect. Engrs, Part 
I, Communication and Electronics, 1955, Vol. 74, pp. 
667-672. Improvements in circuitry and core materials, 
and the adoption of pulse techniques, make possible 
systems whose response times are one tenth to one 
hundredth of a cycle of the power-supply frequency. 

621.376.22 : 621.318.134 3015 
A Ferrite Microwave Modulator employing 

Feedback.-W. W. H. Clarke, W. M. Searle & F. T. 
Vail. (Proc. Instn elect. Engrs, Part B, July 1956, Vol. 
103, No. 10, pp. 485-490.) An amplitude modulator 
with good linearity is obtained by applying feedback to 
a gyrator comprising a ferrite rod in a circular waveguide 
section interposed between rectangular waveguide sec-
tions. The feedback circuit is based on linear detection 
of the amplitude modulation by means of a crystal. 
Limitations of the arrangement are discussed. Good 
results have been obtained with sinusoidal modulating 
signals of frequencies up to 20 kc/s. 
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621.37/39(083.74) 3016 
Handbook Preferred Circuits, Navy Aeronautical 

Equipment, NAVAER 16-1-519. [Book Review]— 
J. C. NIuncy. Publishers: Government Printing Office, 
Washington, $1.75. (Tech. News Bull. nat. Bur. Stand., 
May 1956, Vol. 40, No. 5, pp. 66-67.) Gives design 
details and characteristics of the standardized circuits 
discussed previously (342 of February). Supplements 
are to be issued from time to time. 

621.375.13 3017 
Linear Feedback Analysis. [Book Review]—J. G. 

Thomason. Publishers: Pergamon Press, London, 365 
pp., 55s. (J. lnstn elect. Engrs, March 1956, Vol. 2, No. 
15, p. 187). A useful introduction to the subject. 

GENERAL PHYSICS 

537 : 538.56 
Electron Plasma Oscillations in 

Electric Field.—A. I. Akhiezer & A. G. 
eksp. teor. Fiz., Jan. 1956, Vol. 30, No. 1 
The oscillation frequency is calculated, 
the electron distribution function satisfies 
equation. 

3018 
an External 
Sitenko. (Zh. 
, pp. 216-218.) 
assuming that 
a given kinetic 

537.2 3019 
Fields and Stresses in Dielectric Media.—G. 

Power. (Brit. J. appl. Phys., April 1956, Vol. 7, No. 4, 
pp. 137-144.) Expressions are obtained for the 
mechanical forces at the boundary of an isotropic di-
electric, caused by an electric field. Results are verified 
in particular cases by electrolyte-tank experiments. 

537.311.1 3020 
On the Energy Dissipation of Conduction Elec-

trons undergoing Elastic Scattering by Impurities. 
—T. Yamamoto, K. Tani & K. Okada. (Progr. theor. 
Phys., Feb. 1956, Vol. 15, No. 2, pp. 184-185.) A brief 
theoretical note on the mechanism responsible for the 
energy dissipation in conduction in metals. 

537.311.31 : 537.312.8 3021 
Theory of Galvanomagnetic Phenomena in 

Metals.—I. M. Lifshits, M. Ya. A zbel' & M. I. Kaganov. 
(Zh. eksp. leo,'. Fiz., Jan. 1956, Vol. 30, No. 1, pp. 220-
222.) The theory is developed without making any 
special assumptions regarding the conduction-electron 
dispersion law and the form of the collision integral. 

537.311.62 3022 
Anomalous Skin Effect assuming Arbitrary 

Collision Integral.—M. Ya. Azbel' & E: A. Kaner. 
(Zh. eksp. teor. Fiz., Dec. 1955, Vol. 29, No. 6(12), pp. 
876-878.) Results of a calculation of the surface im-
pedance Za iX,,, show that the ratio Xce cc 
equals Và for an arbitrary electron-dispersion law and 
an arbitrary collision integral; Za is proportional to 
(02(3 and is independent of temperature in the anomalous-
skin-effect temperature range. 

537.5 3023 
Statistics of Electron Avalanches in a Uniform 

Field.—L. Frommhold. (Z. Phys., 7th Feb. 1956, Vol. 
144, No. 4, pp. 396-410.) The statistical distribution of 
the number of charge-carrier pairs about the mean was 
determined experimentally by measurements on dis-
charges in ethyl alcohol. Results agree with theory. 
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537.523 3024 
Surge Voltage Breakdown of Air in a Non-

uniform Field.--J. H. Park & H. N. Cones. (J. Res. 
nat. Bur. Stand., April 1956, Vol. 56, No. 4, pp. 201-224.) 
Experiments on discharges between a spherical and a 
plane electrcide are described, and a tentative explanation 
of the breakdown mechanism is presented. 

537.525 : 538.56.029.5 3025 
Investigation of a Discharge in the Frequency 

Region between High Frequency and Audio Fre-
quency at Low Gas Pressure.—N. A. Popov & N. A. 
Kaptsov. (Zh. eksp. teor. Fiz., Jan. 1956, Vol. 30, No. 1, 
pp. 68-76. English summary, ibid., Supplement, p. 5.) 

537.525 : 538.56.029.6 3026 
Investigation of the High-Frequency Discharge. 

—G. M. Pateyuk. (Zh. eksp. teor. Fiz., Jan. 1956, Vol. 
30, No. 1, pp. 12-17. English summary, ibid., Supple-
ment, p. 3.) The dependence of the ignition and 
operating potentials in Ar, Ne and H, on the gas pressure 
and the geometry of the discharge space was investigated 
in the frequency range 57-500 Mc/s. Results, presented 
graphically, are in agreement with the diffusion theory 
of Herlin & Brown (690 of 1949). 

537.533 3027 
Influence of an Adsorbed Film of Dipole Mole-

cules on the Electron Work Function of a Metal.— 
N. D. Morgulis & V. M. Gavrilyuk. (Zh. eksp. teor. Fiz., 
Jan. 1956, Vol. 30, No. 1, pp. 149-159. English summary, 
ibid., Supplement, p. 7.) Experimental results indicate 
that films of CsC1 molecules decrease the work function 
of W by up to 1-8 eV, as compared with a decrease of 
up to 3 eV produced by Cs, 3-5 eV by BaO and 2-9 eV 
by Ba. 

537.533.8 3028 
Auger Electron Emission in the Energy Spectra 

of Secondary Electrons from Mo and W.—G. A. 
Harrower. (Phys. Rev., 15th April 1956, Vol. 102, No. 
2, pp. 340-347.) Analysis of the observed energy dis-
tributions of the secondary electrons for a range of 
primary energies reveals subsidiary maxima at points 
along the energy axis characteristic of the target material 
but independent of the primary voltage; the positions 
of these points are consistent with an Auger-process 
origin for the electrons with these energies. 

537.533.8 : 546.561-31 3029 
Investigation of the Inelastic Reflection of Elec-

trons by a Cuprous Oxide Surface.—N. B. Gornyi. 
(Zh. eksp. teor. Fiz., Jan. 1956, Vol. 30, No. 1, pp. 160-
170. English summary, ibid., Supplement, pp. 7-8.) 
The energy losses of electrons on reflection at mono-
crystalline or polycrystalline Cu2O surfaces are equal to 
the energy required to transfer electrons of the crystal 
lattice from filled to permitted zones. The mechanism 
involved is similar to that responsible for the appearance 
of discrete groups of true secondary electrons (685 of 
1955). 

538.311 3030 
Production and Use of High Transient Magnetic 

Fields: Part 1.—H. P. Furth & R. W. Waniek. (Rev. 
sci. Instrum., April 1956, Vol. 27, No. 4, pp. 195-203.) 
Technique for the production of pulsed magnetic fields 
of strength 5 x 105 G or over is discussed; capacitor-
discharge arrangements are used, with impact-resistant 
solenoids comprising massive single-layer helices. Pulse 
durations range from 50 Fs to 10 ms. Measurement of 
the magnetoresistance of Ge is one of the applications 
mentioned. 
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538.56 : 53 3031 
Radio-Frequency Physics.—J. G. Powles. (Nature, 

Lond., 2nd June 1956, Vol. 177, No. 4518, pp. 1022-1023.) 
Brief report of the 19513 annual conference, held at 
Geneva, of the organization A.M.P.E.R.E. (Atomes et 
Molécules par Études Radioélectriques), which is con-
cerned with the use of radio frequencies in the various 
branches of physics. Some 50 papers were presented, 
the subjects including dielectric and magnetic properties, 
electron resonance of various types and associated effects, 
and microwave spectroscopy. See also Onde élect., May 
1955, Vol. 35, No. 338, pp. 437-505, which gives papers 
from the 1954 conference, held at Paris, covering a 
similar range of subjects and including also some 
material on atmospheric physics. 

538.561.029.6 : [621.373 + 621.375.9 3032 
Application of Electron Spin Resonance in a 

Microwave Oscillator or Amplifler.—J. Combrisson, 
A. Honig & C. H. Townes. (C. R. Acad. Sci., Paris, 
14th May 1956, Vol. 242, No. 20, pp. 2451-2453.) A 
brief analysis indicates the condition for a paramagnetic 
substance located within a cavity resonator and subjected 
to a direct magnetic field to supply power instead of 
absorbing it from the field. Results of preliminary 
experiments indicate that it should be possible to produce 
oscillations using e.g. a small sample of Si containing a 
suitable impurity providing a concentration of about 
1013 paramagnetic centres per cm3. 

538.566 : 535.337 3033 
Radiation from Molecules in the Presence of a 

Strong High-Frequency Field.—V. M. Fain. (Zh. 
eksp. teor. Fis., Dec. 1955, Vol. 29, No. 6(12), pp. 878-
880.) It is shown that in addition to an absorption of 
the h.f. energy at a frequency w•••-• (.00 = (E, — E2)/h, 
where E, and E, are energy levels of the molecule, 
emission takes place at a frequency f o which is a function 
of the matrix element le; of the dipole moment corres-
ponding to the transition E, E 2 and the field strength 

of the h.f. field. In a typical case 172;21 •-•-• 10-18 c.g.s.e. 
and the field strength is 1-10 c.g.s.e.; the value of no 
is then approximately 109 sec-1 — 1010 sec-1. The 

radiation is only present if the elements ei and de2.2 are 
not equal to zero. 

538.566 : 535.42] ± 534.24 3034 
Fourier Transform Method for the Treatment 

of the Problem of the Reflection of Radiation from 
Irregular Surfaces.—W. C. Meecham. (J. acoust. Soc. 
.1 mer., May 1956, Vol. 28, No. 3, pp. 370-377.) 

538.566 : 537.533.9 3035 
„Incidence of an Electromagnetic Wave on a 
`Cerenkov Electron Gas'.—M. A. Lampert. (Phys. 
Rev., 15th April 1956, Vol. 102, No. 2, pp. 299-304.) 
Analysis is presented for the interaction of an e.m. wave 
in a retarding medium (e.g. a dielectric) with an electron 
gas moving through or near the medium at a velocity 
exceeding that of the wave in the medium. For electron 
densities exceeding a critical value, the gas acts as a 
mirror for the incident em, wave. Possible laboratory 
experiments for investigating the problem are outlined. 

538.566.2 3036 
Method of calculating Electromagnetic Fields 

excited by an Alternating Current in Stratified 
Media.—A. N. Tikhonov & D. N. Shakhsuvarov. (Bull. 
Acad. Sci. U.R.S.S., sér. géophys., March 1956, No. 3, 
pp. 245-251. In Russian.) The expressions for the field 
due to a dipole in the boundary of a stratified half-space 
are developed in a form suitable for evaluation by a 
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modern computer. The e.m, characteristics of the strata 
are assumed to be independent of time and of the field; 
the permeability is constant and the conductivities are 
arbitrary; the conductivity of the surface layer is finite. 

538.569.2/.3].029.6 : 534.833.4 3037 
Absorption Devices for Centimetre Electromag-

netic Waves and their Acoustic Analogues.—E. 
Meyer & H. Severin. (Z. angew. Phys., March 1956, Vol. 
8, No. 3, pp. 105-114.) A survey of the operating 
mechanism of three types of absorbers: (a) homogeneous 
material, (b) wedges, and (c) resonance absorbers. 

538.6 : 537.311.31 3038 
Thermo- and Galvano-magnetic Effects in Strong 

Fields at Low Temperatures.—G. E. Zil'berman. 
(Zh. eksp. teor. Fis., Dec. 1955, Vol. 29, No. 6(12), pp. 
762-769.) Thermoelectric force, resistance and Hall 
effect of a metal in a magnetic field at low temperatures 
are calculated using a two-zone model of the metal. 

GEOPHYSICAL AND EXTRATERRESTRIAL 

PHENOMENA 

523.16 3039 
An Investigation of Monochromatic Radio Emis-

sion of Deuterium from the Galaxy.—G. J. Stanley 
8c R. Price. (Nature, Lond., 30th June 1956, Vol. 177, 
No. 4522, pp. 1221-1222.) 

525.2 : 523.2 3040 
Gravitational Influence of Jupiter on some Geo-

physical Phenomena.—D. Argentieri. (Ann. Geofis., 
Oct. 1955, Vol. 8, No. 4, pp. 457-473.) Consideration of 
astronomical observations from ancient times onward, 
has indicated apparent variations in astronomical time. 
Attention is drawn particularly to a variation having a 
period of 83 years; this is also the period taken by the 
sun, the earth and Jupiter to return to the same align-
ment and relative distance. It is suggested that the 
combined gravitational action of the sun and Jupiter 
causes tidal motion in the earth's crust, the apparent 
variation of astronomical time corresponding to a real 
displacement of the meridian. 

551.510.5 : 538.569.4.029.6 : 523.72 3041 
Atmospheric Attenuation of Solar Millimeter-

Wave Radiation.—H. 1-L Theissing & P. J. Caplan. 
(J. appl. Phys., May 1956, Vol. 27, No. 5, pp. 538-543.) 
Measurements have been made of the absorption of solar 
radiation by atmospheric water vapour at wavelengths 
down to about I mm. The results are combined with 
theoretical formulae for the absorption spectrum of water 
vapour [see e.g. 3100 of 1947 (Van Vleck)]. 

551.510.53 : 551.593 3042 
Origin of the Meinel Hydroxyl System in the 

Night Airglow.—D. R. Bates & B. L. Moiseiwitsch. 
(J. atmos. terr. Phys., June 1956, Vol. 8, No. 6, pp. 
305-308.) 

551.510.53 : 551.593 ± 551.594.5] : 535.241 3043 
A Photometric Unit for the Airglow and Aurora. 

—D. M. Hunten, F. E. Roach & J. W. Chamberlain. 
(J. atmos. terr. Phys., June 1956, Vol. 8, No. 6, pp. 
345-346.) 

551.510.534 3044 
Note on the Variations of Atmospheric Ozone as 

a Function of Height.—E. S. Epstein, C. Osterberg & 
A. Adel. (J. atmos. terr. Phys., June 1956, Vol. 8, No. 6, 
pp. 347-348.) Observations confirming those of Paetzold 
(748 of March) are reported. 
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551.510.535 3045 
Symposium on Ionospheric Drifts.—(J. sci. 

industr. Res., Oct. 1955, Vol. 14A, No. 10, pp. 482-485.) 
Brief report of symposium held at New Delhi in July 
1955. 

551.510.535 3046 
Accurate Height Measurements using an Iono-

spheric Recorder.—A. J. Lyon & A. J. G. 1%dloorat. 
(J. atmos. terr. Phys., June 1956, Vol. 8, No. 6, pp. 309-
317.) "A method for the calibration of an ionospheric 
recorder is described, which corrects errors in height 
measurement arising from the distortion of the echo-
pulse in its passage through the receiver. The amount 
of this error depends on the echo amplitude, and is shown 
to vary in an approximately linear manner with the 
width of the recorded echo trace. Several methods of 
checking the calibration confirm that it is reliable to 
within ± 2 km. Using a calibrated recorder and an 
expanded timebase, it is possible to measure E-region 
equivalent heights to this order of accuracy. The sys-
tematic error due to pulse distortion will, in general, 
cause the heights recorded in routine ionospheric 
measurements to be from 5 to 15 km too high. Some 
consequences of this, e.g. for m.u.f. predictions, are 
mentioned." 

551.510.535 3047 
Monthly Mean Values of Ionospheric Charac-

teristics at Rome in the Period March 1949-April 
1953.—P. Dominici. (Ann. Geofis., Oct. 1955, Vol. 8, 
No. 4, pp. 379-400.) Hourly values are tabulated for 
the critical frequency and virtual height of the F 2, F, 
and E layers and for the percentage of occurrences of 
the E, layer. Brief particulars are given of the sounding 
schedule operated and the conventions adopted in the 
calculations. 

551.510.535 3048 
Sporadic Echoes from the E Region over Ahmeda-

bad (23° 02' N, 72° 38' E).—K. M. Kotadia. (J. atmos. 
terr. Phys.. June 1956, Vol. 8, No. 6, pp. 331-337.) An 
analysis is made of h'f records for the sunspot-minimum 
period 1953-1954. The diurnal and seasonal variations 
of E, as a whole are interpreted as variations in the 
relative contributions of three distinct types of E,, 
namely (a) E„, a thin layer observed at 95-100 km, with 
a maximum frequency of occurrence at late evening, 
(b) E,„, which is observed at 105-125 km with a minimum 
in the afternoon and maximum towards the end of the 
night, and (c) E„, at 115-125 km, developed by the 
vertical downward movement of the E2 layer and 
observed only during the daytime. 

551.510.535 3049 
A New Theory of Formation of the Fg Layer.—T. 

Yonezawa. (J. Radio Res. Labs, Japan, Jan. 1956, Vol. 
3, No. 11, pp. 1-16.) Electron/ion pairs generated in the 
upper part of the F 2 region diffuse rapidly downwards 
under gravity, but at sufficiently low heights they are 
rapidly lost by the mechanism of charge transfer and 
dissociative recombination suggested by Bates & Massey 
(1944 of 1948), giving rise to a maximum ionization 
density at a greater height. This theory gives results in 
accordance with observations. 

551.510.535 3050 
The Structure of the Fg Layer as deduced from 

its Daily Variations.—T. Shimazaki. (J. Radio Res. 
Labs, Japan, Jan. 1956, Vol. 3, No. 11, pp. 17-43.) 
Observed variations in the F 2 region may be accounted 
for by assuming that (a) in consequence of the decrease 
with height of the effective decay coefficient, the 
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maximum electron density in the F, region is at a level 
above that of maximum electron production, and that 
(b) vertical semidiurnal tidal drift is nonuniform. At the 
level of maximum electron production the rate of 
production varies inversely as temperature. An attach-
ment coefficient of 8.3 x 10-5/sec at 300 km is 
indicated, with a solar temperature of 6 000° K. 

551.510.535 3051 
Geomagnetic Control to the Diurnal Variation 

of the F2 Layer on the Temperate Latitude.—Syun-
ichi Akasofu. (Sci. Rep. Tohoku Univ., 511i Ser., Geophys., 
Nov. 1955, Vol. 7, No. 2, pp. 45-50.) The 'longitude 
effect' demonstrated by Appleton (882 of 1951) is 
examined. The observed diurnal variation is consistent 
with geomagnetic control of the thermal vertical flow in 
the F g region. Seasonal variations are also observed. 

551.510.535 : 523.746.5 3052 
Comparison of foF2 at Four Observatories in 

Japan.—I. Kasuya & K. Sawada. (J. Radio Res. Labs, 
Japan, Jan. 1956, Vol. 3, No. 11, pp. 45-53.) Observa-
tions over the solar-activity half-cycle 1947-1954 are 
correlated with sunspot numbers. On a long-term basis, 
the magnitude of the variation of f0F, is a function of 
latitude. 

551.510.535 : 537.56 3053 
Negative Oxygen Ions in the Upper Atmosphere: 

the Affinity and Radiative Attachment Coefficient 
of Atomic Oxygen.—L. M. Branscomb & S. J. Smith. 
(Trans. Amer. geophys. Union, Oct. 1955, Vol. 36, No. 5, 
pp. 755-758.) "The influence of negative ions of atomic 
oxygen on the physics of the ionosphere and night airglow 
is re-examined in the light of new experimental deter-
minations of the oxygen affinity (1.48 ± 0.10 eV) and 
photodetachment cross section [396 of February (Smith 
& Branscomb)]. The radiative attachment coefficient 
is calculated from the photodetachment cross section. 
There is no evidence of a resonance at the threshold, 
where the attachment coefficient is approximately 
1.2 x 10-15 cms/sec." 

551.510.535 : 621.396.11 3054 
Observations of Ionospheric Absorption at the 

K.N.M.I. [Royal Netherlands Meteorological Institute]. 
—C. J. van Daatselaar. (Tijdschr. ned. Radiogenoot., 
March 1956, Vol. 21, No. 2, pp. 49-63.) Theory of 
ionospheric absorption is outlined and measurement 
difficulties due to fading are discussed. The procedure 
at the Netherlands station is to determine the apparent 
reflection coefficient for vertically incident waves, using 
pulse transmissions with c.r.o. display of the echo 
amplitude; total absorption and absorption index are 
hence derived. The equipment is described and some 
results are reported. 

551.510.535 : 621.396.11 3055 
On the Existence of a ̀Q.L.'-`Q.T."Transition-

Level' in the Ionosphere and its Experimental 
Evidence and Effect.—D. Lepechinsky. (J. atmos. terr. 
Phys., June 1956, Vol. 8, No. 6, pp. 297-304.) See 1767 
of 1955 (Lepechinsky & Durand). 

551.510.535 : 621.396.11.029.55 3056 
Back-Scatter Ionospheric Sounder.—Shearman & 

Martin. (See 3197.) 

551.510.535 : 621.396.812.3 3057 
A Correlation Treatment of Fading Signals.— 

Barber. (See 3200.) 
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551.594.6 3058 
On the Propagation of Whistling Atmospherics.— 

G. R. Ellis. (J. atmos. terr. Phys., June 1956, Vol. 8, 
No. 6, pp. 338-344.) "It is shown that the dispersion of 
whistling atmospherics propagated along the lines of 
force of the earth's magnetic field should be greatly 
dependent on the geomagnetic latitude of the observing 
point. The change in the magnetic-field intensity along 
a line of force produces an upper-frequency limit for 
whistler propagation which, at latitudes greater than 62°, 
should fall within the usually observed frequency region 
of 1-10 kcis. Dispersion curves showing this critical 
frequency are given for geomagnetic latitudes 55°, 60° 
and 65°." 

551.594.6 : 523.75 3059 
Sudden Decrease in Low-Frequency Atmospheric 

Noise during the Cosmic-Radiation Storm of Feb-
ruary 23.—C. A. McKerrow. (Nature, Lond., 30th June 
1956, Vol. 177, No. 4522, pp. 1223-1224.) Note of 
observations on 100 kcis at Churchill, Manitoba. The 
relation of the disturbance to solar-flare conditions and 
to the proximity of the station to the auroral zone is 
briefly discussed. 

551.594.6 : 538.566.029.43 3060 
Influence of the Horizontal Geomagnetic Field 

on Electric Waves between the Earth and the Iono-
sphere travelling Obliquely to the Meridian.—W. O. 
Schumann. (Z. angew. Phys., March 1956, Vol. 8, No. 3, 
pp. 126-127.) A more general case than that noted 
earlier (232 of January) is considered briefly. Results 
indicate that the differences in the type of atmospherics 
waveform arriving from south-east and from south-west 
[2809 of 1952 (Caton & Pierce)] are due to differences 
not in the propagation but in the nature of the discharge, 
which may occur over the sea in one case, over land in 
the other. 

551.594.6 : 550.385 3061 
The Low-Frequency Noise of the Geomagnetic 

Field.--R. Benoit. (C. R. Acad. Sci., Paris, 23rd May 
1956, Vol. 242, No. 21, pp. 2534-2535.) Grenet's investi-
gations of the source of a.f. disturbances (1718 of June) 
are discussed. Observations made in the Sahara are 
reported; a telephone cable formed into a circular loop 
of diameter 300 m was used as aerial, in conjunction 
with a multistage amplifier and pen recorder; the total 
frequency band explorable was 10 c/s-50 kcis. The 
results indicate that the low-frequency pulses received 
are almost entirely due to atmospherics; this confirms 
Grenet's theory. 

551.594.6 : 550.385 3062 
Electromagnetic Phenomena of Natural Origin 

in the 1.0-150-c /8 Band.—P. A. Goldberg. (Nature, 
Lond., 30th June. 1956, Vol. 177, No. 4522, pp. 1219-
1220.) A report is presented. of observations made at 
an isolated region in Oregon in the summer of 1955. 
Air-core detector coils were used, one with an effective 
area of 12 800 m2 for observing the vertical magnetic-
field component, and another with an effective area of 
5 500 m2 for the horizontal north-south component. 
Voltage waveforms proportional to the field and to its 
time rate of change were studied by means of photo-
graphic records from c.r. oscillographs. The signals 
recorded are predominantly of burst type, the horizontal 
component being more intense than the vertical. The 
level of activity exhibits a systematic diurnal variation. 
Comparison with the incidence of r.f. atmospherics 
suggests that the low-frequency signals are associated 
with lightning, while the timing of the daytime maximum 
indicates that the propagation mechanism is different 
from that for the r.f. atmospherics. 
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551.594.6 : 621.396.11 3063 
The Propagation of a Radio Atmospheric.— 

Srivastava. (See 3189.) 

551.594.6 : 621.396.11.029.4 3064 
Propagation of Audio-Frequency Radio Waves 

to Great Distances.—Chapman & Macairo. (See 3192.) 

LOCATION AND AIDS TO NAVIGATION 

621.396.93 3065 
Fluctuations in Continuous-Wave Radio Bearings 

at High Frequencies.—W. C. Bain. (Proc. Instn elect. 
Engrs, Part B, July 1956, Vol. 103, No. 10, p. 560.) The 
investigation reported previously (3265 of 1955), covering 
the frequency band 6-20 Mc/s, is extended to cover the 
band 3-4 Mc/s. The results differ from those obtained 
previously in that the standard deviation in a group of 
observations is not correlated significantly with the value 
of Te. 

621.396.93 3066 
The ̀ Wullenwever' Long-Base Direction-Finding 

Installation.—H. Rindfleisch. (Nachrichtentech. Z., 
March 1956, Vol. 9, No. 3, pp. 119-123.) This system 
was developed during the war and is described in Radio 
Research Special Report, No. 21, 1951, Radio Direction 
Finding and Navigational Aids; some Reports on German 
Work issued in 1944-45. 

621.396.96 : 519.21 : 621.396.822 3067 
Connection between the Detectability of an Object 

and the Number of Illuminating Pulses.—G. N. 
Bystrov. (Radiotekhnika, Moscow, Feb. 1956, Vol. 11, 
No. 2, pp. 74-76.) The probability P, that a blip on the 
c.r. tube display is due to the object and not to the noise 
is P = 1 - exp. ( -na„2/2a02), where n is the number of 
radar pulses, a, the amplitude of the blip, and ao the 
mean effective noise voltage. A Rayleigh-type noise-
voltage amplitude distribution in the output of the 
second detector is assumed. The probability of detecting 
an object is then calculated in terms of the distance, 
transmitter power, aerial gain, wavelength, surface area 
of object and power input to receiver, as well as the 
absolute temperature, pass band and receiver noise factor. 

621.396.96 : 621.316.726 : 621.385.029.6 3068 
Klystron Control System.—R. J. D. Reeves. (Wire-

less Engr, June-Aug. 1956, Vol. 33, Nos. 6-8, pp. 135-143, 
162-167 & 184-189.) Wide-range tuning of reflex 
klystrons is discussed with particular reference to an 
a.f.c. system for primary radar. The problem is com-
plicated because the optimum reflector voltage is not 
independent of the resonator frequency. The concept of 
a 'control plane' is introduced to facilitate analysis of the 
klystron operation. Test equipment is described which 
presents the control plane on a c.r.o, and maps either 
klystron mode areas and frequency contours or servo-
trajectories on to the plane. In the particular a.f.c. 
system described in detail, a sampling technique for 
mode centring is introduced which causes minimum dis-
turbance of the controls and provides a slightly better 
error criterion than mode peak finding. 

621.396.962.2 : 621.376.3 : 629.13 3069 
A Frequency-Modulation Radio Altimeter.—G. 

Collette & R. Labrousse. (Ann. Radioélect., Oct. 1955, 
Vol. 10, No. 42, pp. 387-398.) The Type-AM.210 
altimeter is discussed; the range is 1 500 m and the 
frequency band 420-460 Mc/s; the modulating function 
is a symmetrical sawtooth repeated 4 050 or 810 times 
per min. The problem of coupling between the slotted-
cavity aerials is examined, and suitable values of aerial 
spacing and feeder length are indicated. 
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621.396.963.001.4 : 534.21-8 3070 
Variable Delay Line simulates Radar Targets.— 

S. A. Gitlin. (Electronics, June 1956, Vol. 29, No. 6, pp. 
143-145.) "Two quartz transducers and movable corner 
reflector in 3k-ft water-filled copper tank give time 
delays ranging from 72 to 1 400 iss for simulating mo zing 
targets during tests of new radar." 

621.396.963.33.001.4 3071 
Three-Dimensional Radar Video Simulator.-13. 

Pielich. (Electronics, July 1956, Vol. 29, No. 7, pp. 131-
133.) Terrain is represented on a test slide with six 
contour lines defining range and azimuth at six heights. 
The slide is scanned by a flying-spot system and x, y, z 
voltages from the simulator unit are combined to give 
appropriate X, Y deflection voltages for a c.r.o. Detailed 
circuit diagrams are given. 

621.396.969 3072 
Frequency-Modulation Radar for Use in the 

Mercantile Marine.—D. N. Keep. (Proc. Instn elect. 
Engrs, Part B, July 1956, Vol. 103, No. 10, pp. 519-523. 
Discussion, pp. 523-526.) "The principles of f.m. radar 
are outlined and a comparison is made between pulse 
and f.m. techniques, particularly with respect to the 
requirements of the merchant serv.ice. It is concluded 
that multi-gate f.m. radars are too complex for this 
application and methods are outlined for overcoming the 
inherently low scanning rate of single sweeping-gate 
systems. Equipment is described which has an aerial 
beamwidth of 1.7° and a rotation rate of 10 r.p.m. with 
a fractional range resolution of 1/30. The future of f.m. 
radar for mercantile marine use is critically examined, 
the conclusion being that it will be most useful where 
very-short-range high-resolution pictures are required. 
Before such equipment is economically available further 
developments in transmitting valves must take place." 

MATERIALS AND SUBSIDIARY TECHNIQUES 

531.788.7 3073 
Observations on the Characteristics of the Cold-

Cathode Ionization Gauge.—J. H. Leck & A. Riddoch. 
(Brit. J. appl. Phys., April 1956, Vol. 7, No. 4, pp. 153-
155.) A gauge of the type described by Penning & 
Nienhuis (1423 of 1950) has been calibrated for the 
pressure range 10-8-10-8 mm Hg. Anode-cathode-
voltage/current and pressure/current characteristics are 
given; in the latter a sharp discontinuity occurs at a 
pressure of about 10-8 mm Hg. A marked change in 
sensitivity occurs during the first 200 hours of operation; 
this may account for conflicting characteristics obtained 
by various workers. 

533.56 3074 
The Ultimate Vacuum Obtainable in Vapour 

Pumps.—N. A. Florescu. ( Vacuum, Jan. 1954, Vol. 4, 
No. 1, pp. 30-39.) Experiments with hydrogen are 
described; the results indicate that in a well designed 
vapour pump the ultimate vacuum is limited not by the 
pressure of the gas diffused from the fore-pressure side 
but by the lowest total pressure of all gases and vapours 
leaving the nozzle, apart from the partial pressure of the 
vapour of the working fluid. 

533.56 3075 
Theory of Molecular Pumps at Very Low Pres-

sures.—C. Mercier. (J. Phys. Radium, March 1956, 
Vol. 17, Supplement to No. 3, Phys. appl., pp. 1A-11A.) 

535.215 535.37 3076 
A Theoretical Property of Relaxation Curves of 

Luminescence and Photoconductivity.—N. A. Tolstoi 
& A. V. Shatilov. (Zh. eksp. teor. Fit., Jan. 1956, Vol. 
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30, No. 1, pp. 109-114. English summary, ibid., Supple-
ment, p. 6.) A note on the recombination mechanism of 
phosphors and photoconductors. 

535.215 : 546.817.221 3077 
A Photo-E.M.F. dependent on Direction of 

Illumination in Polycrystalline PbS Films.—G. 
Schwabe. (Ann. Phys., Lpz., 29th Feb. 1956, Vol. d7, 
Nos. 4/5, pp. 249-262.) Fuller account of work described 
previously (3271 of 1955). 

535.215 : [546.863.221 546.23 3078 
Time-Lag in Photoconductors for Camera Tubes. 

—W. R. Daniels. (J. Instn elect. Engrs, March 1956, 
Vol. 2, No. 15, pp. 150-151.) A brief note on preliminary 
observations of the time lag in amorphous Se and Sb,S3. 

535.37 : 546.472.21 3079 
Reduction of the Luminous Output of Phosphors 

under Intense Excitation.—V. V. Antonov-Romanov-
ski & L. A. Vinokurov. (Zh. eksp. teor. Fit., Dec. 1955, 
Vol. 29, No. 6(12), pp. 830-833.) Measurements on 
ZnS-Cu,Co, and comparison with earlier measurements 
on ZnS-Cu, indicate that the observed effect is due to an 
increase of the concentration of localized electrons and 
ionized luminescence centres resulting in an increase of 
the number of radiationless recombinations. 

535.37 : 546.472.21 3080 
Phosphorescence of ZnS-Cu Crystal Phosphor 

excited by an Electron Beam.—T. P. Belikova. (Zh. 
eksp. teor. Fit., Dec. 1955, Vol. 29, No. 6(12), pp. 905-
906.) Luminescence decay curves of a ZnS-Cu specimen 
excited by radiation of wavelength 365 met and by an 
electron beam (2 000 V, up to 3 isA/cm2) are compared. 
The initial-intensity/temperature curves are also given. 

535.376 3081 
Electroluminescence from Boron Nitride.—S. 

I.arach & R. E. Shrader. (Phys. Rev., 15th April 1956, 
Vol. 102, No. 2, p. 582.) A preliminary note reporting 
observations of electroluminescence with alternating-
field excitation, using an electrode isolated from the 
phosphor. 

537.226 + 537.228.1] : 546.431.824-31 3082 
Elastic, Piezoelectric, and Dielectric Constants 

of Polarized Barium Titanate Ceramics and some 
Applications of the Piezoelectric Equations.—R. 
Bechmann. (J. acousl. Soc. Amer., May 1956, Vol. 28, 
No. 3, pp. 347-350.) A complete set of the constants 
and the various electromechanical coupling factors is 
given and typical values are tabulated. 

537.228.1 : 549.514.51 3083 
Piezoelectric Structure of Quartz and of Minerals 

containing Quartz.—E. I. Parkhomenko. (Bull. Acad. 
Sci. U.R.S.S., sér. géophys., March 1956, No. 3, pp. 
297-306. In Russian.) 

537.311.31 : 539.23 3084 
The Electrical Conductivity of Anisotropic Thin 

Films.—R. Englman & E. H. Sondheimer. (Proc. phys. 
Soc., 1st April 1956, Vol. 69, No. 436B, pp. 449-458.) 
"It is shown that, when the electron free path is large, 
the theoretical electrical conductivity of single crystal 
metal films exhibits anomalous anisotropic properties 
similar to, but even more pronounced than, those found 
in the anomalous skin effect in anisotropic metals." 
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537.311.31 : 621.316.842(083.74) 3085 
Nickel-Chromium-Aluminium-Copper Resist-

ance Wire.—A. H. M. Arnold. (Proc. Instn elect. Engrs, 
Part B, July 1956, Vol. 103, No. 10, pp. 439-447.) 
Report of an investigation made at the National Physical 
Laboratory on the suitability of alloys for resistance 
standards. The alloy 'evanohm', composed of Ni, Cr, 
Al and Cu, has a resistivity three times that of Mn, and 
its temperature coefficient can be adjusted to zero by 
heat treatment. A number of resistance standards made 
of this wire are undergoing long-term stability tests. 

537.311.33 3086 
Grain-Boundary Structure and Charge-Carrier 

Transport in Semiconductor Crystals.—H. F. 
Mataré. (Z. Naiurf., Aug. 1955, Vol. 10a, No. 8, pp. 
640-652.) "The structural character of boundaries or 
interfaces between two perfect crystals of different 
orientation but equal chemical composition defines the 
behaviour of grain boundaries with respect to carrier 
transport. The amount of misfit in the grain boundary 
zone, as well as the amount of energy stored by elastic 
deformation, defines the electrical properties. The 
number of free carriers (electrons) in boundary states 
increases with the cross-potential applied, while positive 
space charge regions build up on both sides of the 
boundary. The boundary zone itself has p-type character 
and becomes more conductive when the number of elec-
trons bound to the dangling bonds increases. Grain 
boundary zones may be as thick as a few tenths of a mm. 
Extremely small zones are formed by disturbed twins. 
Two- and three-probe measurements on such bicrystals 
have been made in order to study the carrier transport 
phenomena. High current multiplication due to carrier 
density misfit and gate action in the case of opposite 
polarization have been found. In addition, contacts 
were plated to boundary zones and modulation through 
the bulk material, as in a n-p-n junction, was studied. 
Here current multiplication can reach high values even 
in a base-to-ground connection. Since those electrons 
bound to a grain boundary interface by a cross potential 
may be present only in the form of excitons, in the field 
of their dangling bonds before adjustment, their time 
constants for recharging processes might be very short 
such that it is probable that high-frequency response is 
improved. Basic elements and consequences of the 
developed theory and the correlation between boundary 
stress field and carrier transport are outlined." Similar 
material is presented in a paper entitled 'Grain 
Boundaries and Transistor Action' in Convention Record 
Inst. Radio Engrs, 1955, Vol. 3, Part 3, pp. 113-124. 

537.311.33 3087 
p-n Junction Theory by the Method of 3 Functions. 

—H. Reiss. (J. appl. Phys., May 1956, Vol. 27, No. 5, 
pp. 530-537.) A concise method is presented for 
calculating the current flow in one-dimensional semi-
conductor structures with any number of junctions and 
contacts. The method indicates the importance of the 
space derivatives of the hole currents in the neighbour-
hood of junctions. 

537.311.33 3088 
A Method for Measurement of Surface-Recom-

bination Velocities in Semiconductors using the 
Photomagnetoelectric Effect in a Sinusoidal 
Regime.—J. Grosvalet. (Ann. Radioélect., Oct. 1955, 
Vol. 10, No. 42, pp. 344-347.) The method is based on 
the phase difference between the photomagnetoelectric 
and photoresistive voltages discussed previously (1062 
of 1955). 
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537.311.33 : 536.21 3089 
Thermal Conductivity of Semiconductors.— J\ I 

Thuillier. (C. R. Acad. Sci., Paris, 28th May 1956, Vol. 
242, No. 22, pp. 2633-2634.) Addendum to analysis 
presented previously (799 of March). An error in the 
calculation is corrected. 

537.311.33 : 536.21 3090 
Thermal Conductivity of Semiconductors.—A. V. 

Ioffe & A. F. Ioffe. (Bull. Acad. Sci. U.R.S.S., sér. phys., 
Jan. 1956, Vol. 20, No. 1, pp. 65-75. In Russian.) A 
discussion of theoretical and experimental work. 

537.311.33 : 537.533 3091 
The Effect of Field Emission on the Behaviour of 

Semiconductor Contacts.—R. Stratton. (Proc. Phys. 
Soc., 1st April 1956, Vol. 69, No. 436B, pp. 491-492.) 
Recent work by Sillars (1084 of April) is extended to 
include field emission across gaps of arbitrary width and 
fields varying with the distance from the centre of the 
contact, such as might arise if a variable work function 
exists at the gap surfaces. 

537.311.33 : [546.28 + 546.289 3092 
Chemical Interactions among Defects in Ger-

manium and Silicon.—H. Reiss, C. S. Fuller & F. J. 
Morin. (Bell Syst. tech. J., May 1956, Vol. 35, No. 3, 
pp. 535-636.) Chemical reaction mechanisms in semi-
conductor solid solutions are shown to be similar to those 
in aqueous solutions. A comprehensive report of experi-
mental and theoretical investigations of these mechanisms 
is presented. The limits of validity of the mass-action 
principle are examined. 71 references. 

537.311.33 : 546.28 3093 
Theory of Electron Multiplication in Silicon.—J. 

Yamashita. (Progr. theor. Phys., Feb. 1956, Vol. 15, 
No. 2, pp. 95-110.) General theory of the conductivity 
of nonpolar crystals in strong e.s. fields, developed 
previously [ibid., Oct. 1954, Vol. 12, No. 4, pp. 443-453 
(Yamashita & Watanabe)] on a kinetic-statistical basis, 
is extended to take account of the impact ionization 
process and is used to explain the electron multiplication 
in Si p-n junctions observed by McKay & McAfee (1079 
of 1954). 

537.311.33 : 546.28 3094 
Measurement of Minority Carrier Lifetime in 

Silicon.—R. L. Watters & G. W. Ludwig. (J. appl. 
Phys., May 1956, Vol. 27, No. 5, pp. 489-496.) A 
method of measurement based on the decay of photo-
current in a specimen exposed to pulsed illumination is 
used. Limitations on the injection level are discussed. 
Trapping, barrier and contact effects are taken into 
account in evaluating the results, which are checked by 
measurements using a drift technique. Lifetime values 
> 1 500 ps for p-type crystals and > 2 500 its for n-type 
have been found. The temperature dependence of the 
lifetime was investigated. A value of about 3 500 cm/s 
at 300°K was determined for the surface recombination 
velocity of a p-type crystal. 

537.311.33 : 546.28 3095 
Diffusion of Donor and Acceptor Elements in 

Silicon.—C. S. Fuller & J. A. Ditzenberger. (J. appl. 
Phys., May 1956, Vol. 27, No. 5, pp. 544-553.) The 
diffusion of Group-III and Group-V elements in Si has 
been measured over the temperature range 1 050°-
1 350°C. Results are tabulated. In nearly all cases the 
acceptor elements diffuse more rapidly than the donor 
elements. Boron and phosphorus exhibit similar diffu-
sional properties; they may form compounds with the 
Si uncle the conditions of diffusion. 
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537.311.33 : 546.28 : 535.37 3096 
Photon Emission from Avalanche Breakdown in 

Silicon.—A. G. Chynoweth & K. G. McKay. (Phys. 
Rev., 15th April 1956, Vol. 102, No. 2, pp. 369-376.) 
Results obtained by Newman (1088 of April) are dis-
cussed. Further experiments were made using a junction 
very close to a surface; the results indicate that light is 
emitted from breakdown regions distributed over the 
whole of the junction area, not only where the junction 
intercepts the surface. The emitted light has a con-
tinuous spectrum. Recombination between free electrons 
and holes is thought to be responsible for the shorter 
wavelengths, and intra-band transitions for the longer 
ones. :The emission efficiency over the visible spectrum 
is tentatively estimated as 1 photon per 108 electrons 
crossing the junction. 

537.311.33 : 546.289 3097 
Effect of Water Vapor on Germanium Surface 

Potential.—A. R. Hutson. (Phys. Rev., 15th April 1956, 
Vol. 102, No. 2, pp. 381-385.) A simple calculation based 
on the thickness and dielectric properties of the water 
film adsorbed on the Ge surface gives values of the 
surface potential in good agreement with the observed 
values for different degrees of humidity of the ambient 
atmosphere. 

537.311.33 : 546.289 3098 
Temperature-Dependent Factor in Carrier Life-

time.—R. L. Longini. (Phys. Rev., 15th April 1956, 
Vol. 102, No. 2, pp. 584-585.) Results of measurements 
on carrier recombination in Ge made by various workers 
are discussed. It is suggested that rapid recombination 
believed to occur at dislocations may be due to relaxation 
of momentum selection rules. When recombination does 
take place predominantly at dislocations, the lifetime is 
not necessarily temperature dependent. 

537.311.33 : 546.289 3099 
Time-Dependent Changes of Surface Lifetime in 

Germanium in the Presence of Electric Fields.— 
J. D. Nixon & P. C. Banbury. (Proc. phys. Soc., 1st 
April 1956, Vol. 69, No. 436B, pp. 487-488.) Extension 
of the work of Henisch & Reynolds (3652 of 1955); 
curves show the relation between surface-recombination 
velocity and applied field for both n- and p-type Ge, and 
the time variation of the conductance on applying and 
removing the field. 

537.311.33 : 546.289 3100 
The Absorption of 39-kMc¡s (39-Gc/s) Radiation 

in Germanium.—A. F. Gibson. (Proc. phys. Soc., 1st 
April 1956, Vol. 69, No. 436B, pp. 488-490.) Experi-
mentally determined values of the absorption coefficient 
over the temperature range 15°-55°C are in excellent 
agreement with theory, assuming the effective mass of 
charge carriers to be of the same order as the electronic 
mass. The results are not in agreement with those of 
Klinger (1088 of 1954), which indicate an effective mass 
about ten times greater. 

537.311.33 : 546.289 : 548.24 3101 
Growth Twins in Germanium.—G. F. Bolling, 

W. A. Tiller & J. W. Rutter. (Caned. J. Phys., March 
1956, Vol. 34, No. 3, pp. 234-240.) The nucleation of 
twin crystals in Ge requires a certain degree of super-
cooling; the frequency of occurrence of twins increases 
with the degree of supercooling. The addition of Ga to 
the melt lowers the solid/liquid interface energy. 

537.311.33 : 546.289 : 669.046.54 3102 
Single Crystals of Exceptional Perfection and 

Uniformity by Zone Leveling.—D. C. Bennett & B. 
Sawyer. (Bell Syst. tech. J., May 1956, Vol. 35, No. 3, 
pp. 637-660.) Technique for producing semiconductors 
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with very low impurity content and with very uniform 
impurity distribution is based on traversing a single 
liquid zone through the crystal. Ge crystals have been 
produced with transverse variations of resistivity as low 
as ± 3% and longitudinal variations ± 7%. 

537.311.33 : 546.3-1-28-289 3103 
Preparation of Alloys of Germanium with Silicon 

and Other Metalloids by Fusion Electrolysis.—M. J. 
Barbier-Andrieux. (C. R. Acad. Sci., Paris, 7th May 
1956, Vol. 242, No. 19, pp. 2352-2354.) A whole range 
of mixed Ge-Si crystals has been obtained by the tech-
nique described. Some experiments with Ge-Sn and 
Ge-As alloys are also mentioned. 

537.311.33 : 546.561-31 3104 
Excitation Spectrum of Excitons in a Solid.— 

E. F. Gross. (Bull. Acad. Sci. U.R.S.S., sér. phys., Jan. 
1956, Vol. 20, No. 1, pp. 89-104. In Russian.) A 
critical survey of literature with particular reference to 
Cu2O. 45 references. 

537.311.33 : 546.561-31 3105 
Occlusions of Cupric Oxide in Cuprous Oxide 

Layers.—A. I. Andrievski & M. T. Mishchenko. (Zh. 
tekh. Fis., Oct. 1955, Vol. 25, No. 11, pp. 1893-1897.) 
Statements made by various authors to the effect that 
layers of Cu2O contain crystals of CuO have been con-
firmed by a microscope investigation. A report is 
presented including a number of photomicrographs. 

537.311.33 : 546.561-31 : 539.23 3106 
Investigation of the Structure of the Surface of 

Films of Cuprous Oxide on Different Faces of a 
Single Crystal of Copper and Determination of the 
Contact Potential Difference between these Sur-
faces.—N. B. Gornyi. (Zh. eksp. teor. Fis., Dec. 1955, 
Vol. 29, No. 6(12), pp. 808-816.) 

537.311.33 : [546.682.18 + 546.681.19 3107 
Preparation and Electrical Properties of InP and 

GaAs.-0. G. Folberth & H. Weiss. (Z. Naturf., Aug. 
1955, Vol. 10a, No. 8, pp. 615-619.) Measurements were 
made of conductivity and Hall effect over the tempera-
ture range from —180° to +960°C. Polycrystalline rod 
specimens were used. Results are shown graphically. 
Values are deduced for the carrier mobilities and the 
widths of the energy gaps. 

537.311.33 : 546.682.86 3108 
Preparation of Indium Antimonide. Determina-

tion of the Effective Masses.—M. Rodot, P. Duclos, 
F. Kover & H. Rodot. (C. R. Acad. Sci., Paris, 23rd 
May 1956, Vol. 242, No. 21, pp. 2522-2525.) Specimens 
of various degrees of purity were prepared; impurity 
concentrations down to 1018 centres/cm8 were attained. 
Hall-effect and Seebeck-effect measurements indicate 
that the effective masses of electrons and holes depend 
greatly on temperature. 

537.311.33 : 546.786-31 3109 
The Preparation of Semiconducting Ceramics 

based on W03, and a Study of Some of their Elec-
trical and Thermal Properties.—G. I. Skanavi & 
A. M. Kashtanova. (Zh. tekh. Fis., Oct. 1955, Vol. 25, 
No. 11, pp. 1883-1892.) The preparation of the speci-
mens is described in detail and results are given of 
numerous experiments. The main properties of the 
material are as follows: the conductivity varies within 
relatively wide limits, from 7 x 10-3 to 4 0-1.cm -1; 
the «thermo-e.m.f. has negative sign, corresponding to 
n-type conductivity; the temperature coefficient of 
thermo-e.m.f. is relatively high (0.70-0.85 mV/deg). The 
material should find application in the production of 
thermocouples. 
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537.311.33 : 546.873-31 3110 
The Electrical Conductivity of Bismuth Oxide.— 

V. M. Konovalov, V. I. Kulakov & A. K. Fidrya. (Zh. 
tekh. Fiz., Oct. 1955, Vol. 25, No. 11, pp. 1864-1867.) 
Measurements are reported. In air, at room tempera-
ture, the resistivity varied from 108 to 10'° D.cm. 
When the specimens were heated up to 700°C, the 
resistivity fell to about 102 D.cm. The conductivity 
depends to a great extent on the preparation of the 
specimens and on their moisture content. The results 
indicate that within the range of temperatures investi-
gated the conductivity is predominantly of n-type, which 
is contrary to previous conclusions. A considerable 
positive photoeffect was also observed. 

537.32 : 546.562-31 3111 
A Thermoelectric Effect exhibited by Cupric 

Oxide in Powder Form.--M. Perrot, G. Peri, J. 
Robert, J. Tortosa & A. Sauze. (C. R. A cad. Sci., Paris, 
23rd May 1956, Vol. 242, No. 21, pp. 2519-2522.) 
Experiments have been made with elements comprising 
powdered CuO compressed between two Cu electrodes. 
Graphs show the temperature variation of resistance of 
an element as a whole, and the variation of the thermo-
e.m.f. as a function of the temperature difference 
between the electrodes for several elements; in one case 
the useful power is 22 mW/cm2. Elements using Cu 2O 
powder give a greater e.m.f. for the same temperature 
conditions, but their resistance is also greater. 

537.533 : 546.815 3112 
Work Function of Lead.—P. A. Anderson & A. L. 

Hunt. (Phys. Rev., 15th April 1956, Vol. 102, No. 2, 
pp. 367-368.) The work function of Pb surfaces has 
been determined by measuring the contact difference of 
potential with respect to a Ba surface in a special tube. 
The value obtained is 4-00 ± 0.01 eV. The results 
indicate that the work function is unaffected when an 
initially clean Pb surface is exposed to the residual gas 
in a sealed-off Ba-gettered tube. 

538.22 : 621.318.134 3113 
Micrographic Study of the Order-Disorder 

Transformation in Lithium Ferrite.—I. Behar. 
(C. R. Acad. Sci., Paris, 14th May 1956, Vol. 242, No. 
20, pp. 2465-2468.) 

538.22 : 621.318.134 3114 
Magnetic Properties of Garnet-Type Yttrium 

Ferrite 5Fe203 3Y203.—R. Aléonard, J. C. Barbier & 
R. Pauthenet. (C. R. Acad. Sci., Paris, 23rd May 1956, 
Vol. 242, No. 21, pp. 2531-2533.) 

538.221 3115 
The Behavior of Ferromagnetics under Strong 

Compression.—F. D. Stacey. (Caned. J. Phys., March 
1956, Vol. 34, No. 3, pp. 304-311.) Magnetization curves 
are given for thin specimens of Ni and Ni-Cu alloys 
under non-hydrostatic pressures up to 10 000 atm. The 
saturation magnetizations increase markedly with 
pressure. 

538.221 3116 
Interpretation of Domain Patterns recently found 

in BiMn and SiFe Alloys.— J . B. Goodenough. (Phys. 
Rev., 15th April 1956, Vol. 102, No. 2, pp. 356-365.) 

538.221 : 538.632 3117 
Theory of the Hall Effect in Ferromagnetic 

Alloys.—K. Meyer. (Z. Naturf., Aug. 1955, Vol. 10a, 
No. 8, pp. 656-657.) 
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538.221 : 538.652 3118 
Iron-Aluminium Alloys for Use in Magneto-

strictive Transducers.—M. T. Pigott. (J. acoust. Soc. 
Amer., May 1956, Vol. 28, No. 3, pp. 343-346.) A 
systematic determination of the electromechanical 
coupling coefficient k of Fe-Al alloys containing between 
12% and 14% Al by weight and annealed at temperatures 
between 600° and 1 000°C is reported. For annealing 
temperatures near 1 000°C, k2 is about 0-05 and is nearly 
independent of composition; k2 has a maximum value 
of 0-12 for an alloy containing 12.3% Al annealed at 
650°C. Eddy-current losses are smaller than for soft 
annealed 'A' nickel. 

538.221 : 621.318,134 3119 
Resonance Widths in Polycrystalline Nickel - 

Cobalt Ferrites.—M. H. Sirvetz & J. H. Saunder, 
(Phys. Rev., 15th April 1956, Vol. 102, No. 2, pp. 366--
367.) Brief report of measurements at a frequency of 
10 kMc/s on ferrites of composition Coo,Nii_o,Fe204. The 
variation of resonance-line width with variation of a up 
to 0-04 and with variation of temperature between 20° 
and 350°C is shown graphically and discussed in relation 
to the crystal properties. 

538.221 : 621.318.134 3120 
Investigation of the Magnetic Spectra of Solid 

Solutions of some NiZn Ferrites at Radio Fre-
quencies.—L. A. Fomenko. (Zh. eksp. teor. Fiz., Jan. 
1956, Vol. 30, No. 1, pp. 18-29. English summary, ibid., 
Supplement, p. 3.) Results of an experimental investiga-
tion of the frequency dependence in the range 0-2-60 
Mc/s of the permittivity, permeability and loss angles of 
oxifer ferrites [Bull. Acad. Sci. U.R.S.S., sér. phys., 
1952, Vol. 16, p. 6 (Shol'ts & Piskarev)] with initial 
permeabilities of 200, 400 and 2 000 Gioersted are 
presented graphically. Specimens with various dimen-
sions were used; dispersion effects are practically 
independent of the dimensions. 

538.221 : 621.318.134 3121 
Influence of Alkali and Alkaline-Earth Ions on 

the Initial Permeability of Manganese-Zinc Fer-
rites.—C. Guillaud, B. Zega & G. Villers. (C. R. Acad. 
Sci., Paris, 7th May 1956, Vol. 242, No. 19, pp. 2312-
2315.) Results of measurements are presented as curves 
for µAl as a function of impurity content, where eio is 
the initial permeability of the pure material and 1.4 that 
of the impure material. The relation between the 
effectiveness of the impurity and its ionic radius is 
studied. 

538.221 : 621.318.134 3122 
Initial Permeability and Grain Size of Man-

ganese-Zinc Ferrites.—C. Guillaud & M. Paulus. 
(C. R. Acad. Sci., Paris, 23rd May 1956, Vol. 242, No. 
21, pp. 2525-2528.) A graph shows the relation between 
initial permeability and mean grain size, derived on the 
basis of a careful analysis of the distribution of grain 
size in 100 specimens. The results are consistent with 
a mechanism involving rotation of the direction of 
spontaneous magnetization for grains whose mean 
dimension is < 5.5 id., and domain-wall displacements 
for larger grains. 

538.23 3123 
A Relation between Hysteresis Coefficient and 

Permeability: Part 3—Ferrite Cores with Rec-
tangular Loop. Part 4—Influence of Coercive 
Force.—M. Kornetzki. (Z. angew. Phys., March 1956, 
Vol. 8, No. 3, pp. 127-135.) Continuation of the 
investigation noted earlier (1714 of 1955). Anomalies 
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due to the large magnetic crystal energy of several 
materials are noted and experimental results obtained 
by various workers are discussed. 

539.23 : 537/538 3124 
International Colloquium on the Present State of 

Knowledge of the Electric and Magnetic Properties 
of Thin Metal Films in Relation to their Structure. 
—(J. Phys. Radium, March 1956, Vol. 17, No. 3, pp. 
169-306.) French text and English abstracts are 
presented of 27 papers given at a colloquium held at 
Algiers in April 1955. 

539.23 : 546.561-31 3125 
Electron Interference at Electrolytically Polished 

Surfaces after Cathode Sputtering.—A. Laciage. (Z. 
Phys., 7th Feb. 1956, Vol. 144, No. 4, pp. 354-372.) 
Apparatus is described by means of which thin Cu 2O 
films were detected on the surface of cleaned Cu exposed 
to air for 30 minutes. 

549.514.5 : 534.21-16 3126 
Propagation of Longitudinal Waves and Shear 

Waves in Cylindrical Rods at High Frequencies.— 
McSkimin. (See 2933.) 

621.3.049.75 3127 
Silver Migration in Electric Circuits.-0. A. 

Short. (Tele-Tech 6, Electronic Ind., Feb. 1956, Vol. 15, 
No. 2, pp. 64-65..113.) Electrolytic migration of silver 
used in components and printed circuits may be reduced 
by covering the silver completely with solder, or by Cr 
plating. An organic coating is effective if soluble salts 
are first removed from the surface covered. 

621.315.61 : 621.317.335.029.64 3128 
Temperature Dependence of Loss Angle and 

Dielectric Constant of Solid Insulating Materials 
in the 4-kMcis Range.—Gross. (See 3139.) 

621.315.612.6 3129 
Electrical Resistivity of Vitreous Ternary 

Lithium-Sodium Silicates.—S. W. Strauss. (J. Res. 
nat. Bur. Stand., April 1956, Vol. 56, No. 4, pp. 183-185.) 
Glasses with compositions in the system xLi20 : (1 — 
Na2O : 2SiO, have been investigated over the tempera-
ture range 150°-230°C. Resistivity/composition charac-
teristics are presented. 

621.315.615.9 : 621.319.4 3130 
Polychloronaphthalene- Impregnated-Paper 

Capacitors.—Coquillion. (See 2980.) 

MATHEMATICS 

517.9 3131 
The Asymptotic Solution of Linear Differential 

Equations of the Second Order in a Domain con-
taining One Transition Point.—F. W. J. Olver. (Phil. 
Trans. A, 19th April 1956, Vol. 249, No. 959, pp. 65-97.) 

517.941.91 
The Interrelation 

Rayleigh's Equation 
V. V. Kazakevich. (C 
1956, Vol. 107, No. 4, 
equations considered 
— eF(Y)i, + Y = 0. 

3132 
between the Phase Planes of 
and van der Pol's Equation.--
. R. Acad. Sci. U.R.S.S., 1st April 
pp. 521-523. In Russian.) The 
are: — pf(y) y = 0 and 

517 3133 
Spheroidal Wave Functions. [Book Review]— 

J. A. Stratton et al. l'ublishers: Technology Press of 
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Massachusetts Institute of Technology, and John Wiley 
& Sons, New York, 1956, 611 pp., $12.50. (Proc. Inst. 
Radio Engrs, July 1956, Vol. 44, No. 7, pp. 951-952.) 
Contains numerical tables and an introduction, together 
with a reprint of a paper on elliptic and spheroidal wave 
functions [1594 of 1942 (Chu & Stratton)]. 

MEASUREMENTS AND TEST GEAR 

621.3.011.3(083.74) : 621.318.42 3134 
The Calibration of Inductance Standards at Radio 

Frequencies.—L. Hartshorn & J. J. Denton. (Proc. 
Instn elect. Engrs, Part B, July 1956, Vol. 103, No. 10, 
pp. 429-438. Discussion, p. 438.) The practice adopted 
at the National Physical Laboratory for calibrating 
laboratory standards is described. An accuracy within 
about 1 part in 104 is obtained over a considerable range 
of inductance values. The accuracy associated with such 
standards is determined partly by the definition of 
inductance used; this aspect as well as the experimental 
technique is discussed. 

621.317.3 : 551.594.6 3135 
Measurement of the Amplitude Probability Dis-

tribution of Atmospheric Noise.—H. Yuhara, T. 
Ishida & M. Higashimura. (J. Radio Res. Labs, Japan, 
Jan. 1956, Vol. 3, No. 11, pp. 101-108.) Noise picked 
up on a 2-m vertical aerial is amplified at an if, of 
100 kc/s, the output is sliced and the resulting groups of 
100-kc/s pulses are counted. Results obtained during 
the summer of 1955, on a frequency of 3.5 Mc/s, using a 
bandwidth of 2.4 kc/s, show that the noise includes 
random and impulsive components. 

621.317.3 : 621.319.4 : 681.142 3136 
Industrial Measurement of the Temperature 

Coefficient of Ceramic-Dielectric Capacitors.—J. 
Peyssou & J. Ladefroux. (Ann. Radioélect., Oct. 1955, 
Vol. 10, No. 42, pp. 355-371.) Known beat-frequency 
and self-synchronizing techniques are reviewed. The 
accuracy and speed of measurements is increased by 
using an automatic machine incorporating an analogue 
computer. The construction of a temperature-coefficient 
distribution curve for a batch of 4 000 capacitors is 
described. For a shorter version, in English, se Tele-
Tech 6- Electronic Ind., April 1956, Vol. 15, No. 4, pp. 
70-71..166. 

621.317.3 : 621.396.822 3137 
New Method of measuring the Effective Value of 

Band-Limited Radio Noise Voltage.—K. Kawakami 
& H. Akima. (J. Radio Res. Labs, Japan, Jan. 1956, 
Vol. 3, No. 11, pp. 109-113.) The noise voltage is passed 
through a pentode frequency-doubling stage and the 
output is linearly rectified and smoothed. The resulting 
voltage is the mean square of the input voltage. Equip-
ment is described for measurements on a centre frequency 
of 455 kc/s, giving accurate results for an input dynamic 
range of 30 dB. 

621.317.33 : 546.28 3138 
The Measurement of the Electrical Resistivity of 

Sfficon.—R. H. Creamer. (Brit. J. appl. Phys., April 
1956, Vol. 7, No. 4, pp. 149-150.) The method described 
by Valdes (1502 of 1954) was modified by using probes 
made from wires containing a donor or acceptor impurity 
for measurements on n- or p-type Si respectively. 
Potentials were measured with a standard potentiometer, 
giving an accuracy within + 7% for resistivities up to 
several hundred acm. 
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621.317.335.029.64 : 621.315.61 3139 
Temperature Dependence of Loss Angle and 

Dielectric Constant of Solid Insulating Materials 
in the 4-kMcis Range.—F. Gross. (Nachrichtentech. 
Z., March 1956, Vol. 9, No. 3, pp. 124-128.) Measure-
ments were made on rod specimens of ceramics, glass and 
plastics used in the manufacture of valves and other 
equipment, over the temperature range 20°-350°C, using 
an E010-mode resonator. Theory based on that of Horner 
et al. (966 of 1946) is outlined; results are presented in 
tables and graphs. 

621.317.335.3.029.64 : 621.315.614.6 3140 
Birefringence and Rectilinear Dichroism of Paper 

at 9 350 Mcjs.—R. Servant & J. Gougeon. (C. R. Acad. 
Sci., Paris, 7th May 1956, Vol. 242, No. 19, pp. 2318-
2320.) The complex dielectric constant of a pile of sheets 
of paper has been determined by a waveguide method 
using a s.w.r. meter within which the material under test 
is located. Measurement results are evaluated as absorp-
tion coefficients and refractive indices; very considerable 
differences are observed for the cases of the electric vector 
(a) parallel to and (b) perpendicular to the plane of the 
paper sheets. Some results obtained with kraft paper 
are shown graphically. 

621.317.337 : 621.372.413 3141 
Measurement of the Q-Factor of Cavity Reso-

nators, using a Straight Test Line.—H. Urbarz. 
(Nachrichtentech. Z., March 1956, Vol. 9, No. 3, pp. 
112-118.) Methods appropriate for measurements on 
resonators with only one coupling point, such as those 
associated with klystrons, are based on determination of 
the s.w.r. and the shift of the minimum along a test line 
terminated by the resonator. The effect of loading on 
the Q-factor is discussed. Measurements are reported 
indicating the variation of the resonator input admittance 
with the area of the coupling loop. 

621.317.34 : 621.3.018.7 3142 
An Approximate Method for investigating Dis-

tortion of Test Pulses transmitted over Coaxial 
Cables.—H. Larsen & H. E. Martin. (Frequenz, March 
1956, Vol. 10, No. 3, pp. 65-76.) In practice, the wave-
forms of pulses used for testing may deviate considerably 
from ideal forms such as rectangular or cos2. The 
Fourier components of the actual initial waveform can 
be determined with sufficient accuracy by analysing its 
oscillogram. The waveform of the transmitted pulse can 
then be determined as usual by multiplying together the 
pulse spectral function and the system transfer function 
and transforming the product. Application of the theory 
is described in relation to tests on wide-band cables 
several km long. 

621.317.4 3143 
A Rapid Method for measuring Coercive Force 

and other Ferromagnetic Properties of Very Small 
Samples.—G. W. van Oosterhout. (Appl. sci. Res., 
1956, Vol. B6, Nos. 1/2, pp. 101-104.) The method is 
based on measurement of the alternating e.m.f. generated 
when the sample is caused to vibrate within a search coil. 

621.317.443 3144 
Description of a Balance for the Measurement of 

Magnetization from 14°K to Room Temperature.— 
R. Conte. (C. R. Acad. Sci., Paris, 23rd May 1956, Vol. 
242, No. 21, pp. 2528-2531.) 

621.317.6 : 621.385.5 : 621.376.22 
Study of Amplitude Modulation 

Pentode Suppressor Grid.—Loeckx. 
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3145 
applied via a 
(See 3237.) 

621.317.7 : 537.54 : 621.396.822.029.6 3146 
On the Effective Noise Temperature of Gas-

Discharge Noise Generators.—W. D. White & J. 
Greene. (Proc. Inst. Radio Engrs, July 1956, Vol. 44 
No. 7, p. 939.) A method of calculating the nois( 
temperature is indicated. 

621.317.7 : 537.54 : 621.396.822.029.6 3147 
Wide-Band Noise Sources using Cylindrical Gas-

Discharge Tubes in Two-Conductor Lines.—R. I. 
Skinner. (Proc. Instn elect. Engrs, Part B, July 1956, 
Vol. 103, No. 10, pp. 491-496.) Noise sources for the 
dm-A band are discussed. A noise output which is level 
over several octaves can be obtained by matching a 
cylindrical gas-discharge tube directly to a two-conductor 
line. The matching can be achieved by using conductors 
of various shapes. Practical design procedure is outlined. 

621.317.72 + 621.317.772 3148 
An A.C. Potentiometer for Measurement of 

Amplitude and Phase.—M. J. Somerville. (Electronic 
Engng, July 1956, Vol. 28, No. 341, pp. 308-309.) A 
simple circuit using a.c. coupled amplifiers permits 
generation of quadrature components whose phase 
relation remains unchanged when substantial phase 
shifts occur in the couplings. 

621.317.73 + 534.64 3149 
An Impedance Measuring Set for Electrical, 

Acoustical and Mechanical Impedances.—E. 3,71 
Ayers, E. Aspinall & J. Y. Morton. (Acustica, 1956, 
Vol. 6, No. 1, pp. 11-16.) "An impedance to be measured 
is compared with a reference impedance of similar nature 
by connecting each in turn to a source of adjustable, 
strength. If the internal impedance of the source is 
constant, the vector ratio of the unknown and reference 
is the ratio of the changes in stimulus required to restore 
the source to short-circuit conditions, or the reciprocal 
of this ratio if the source is restored to open-circuit 
conditions." 

621.317.733.029.4 : 621.375.2 3150 
A Tuned Differential Amplifier for Low-Fre-

quency Bridges.—W. K. Clothier & F. C. Hawes. 
(Aust. J. appl. Sci., March 1956, Vol. 7, No. 1, pp. 38-44.) 
The amplifier described is suitable for use as a balance 
detector where there is high impedance between both 
detector points and ground. Rejection factors greater 
than 30 000 are obtained for in-phase input voltages up 
to 10 V. The amplifier is tunable over the frequency 
range 15-20 000 cis by means of ladder-type feedback 
networks. The discrimination against third harmonics 
of the selected frequency is 130. Maximum gain is 
150 000. 

621.317.734 3151 
Extending the Limits of Resistance Measurement 

using Electronic Techniques.—G. Hitchcox. (J. Brit. 
Instn Radio Engrs, June 1956, Vol. 16, No. 6, pp. 299-
309.) Methods for measuring resistance are surveyed 
with special attention to those for very low and very 
high resistance. In one method for dealing with very 
low resistance, test currents with triangular waveform 
are used to reduce thermal dissipation. A commercial 
general-purpose megohmmeter is described in some detail. 

621.317.734 3152 
A Logarithmic Megohmmeter.—P. Hariharan & 

M. S. Bhalla. (J. sci. Instrum., April 1956, Vol. 33, No. 
4, pp. 158-159.) An ohmmeter based on the logarithmic 
grid-current/anode-current characteristic of a triode 
valve covers the range from 1 to 102 MCI on a single 
approximately logarithmic scale. 
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621.317.75 : 621.396.3 3153 
The Response of Radio Spectrometers.-J. 

Manque. (Rev. HF, Brussels, 1956, Vol. 3, No. 5, pp. 
167-177.) The spectrum of repeated signals such as the 
pulses in on-off telegraphy systems is a function of two 
factors, one depending on the waveform of the individual 
signals and the other on the repetition process. The 
operation of a spectrometer comprising a cascaded-tuned-
circuit filter (813 of 1955) is discussed, taking as criterion 
the time interval T = 2/Br, where BF is the filter 
bandwidth. See also 1900 of 1955. 

621.317.755 : 531.76 3154 
Four-Place Timer codes Oscillograph Record-

ings.-S. E. Dorsey. (Electronics, July 1956, Vol. 29, 
No. 7, pp. 154-156.) A 1-kcis signal from a tuning-fork 
oscillator is fed through a trigger circuit into a chain of 
four decade counters which have additional 'staircase' 
outputs. Differentiation and combination of these out-
puts provides a c.r.o. trace indicating time in increments 
of 0.001 sec up to 9.999 sec, with markers for tenths, 
hundredths and thousandths of a second. A simple 
calibration method is described. 

621.317.79 : 538.632 : 537.311.33 3155 
A Simple Apparatus for recording the Variation 

of Hall Coefficient with Temperature.-E. H. Putley. 
(J. sci. Ins/rum., April 1956, Vol. 33, No. 4, p. 164.) 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

536.52 : 621.385.029.6.032.21 3156 
A New Method for the Measurement of Rapid 

Fluctuations of Temperature.-Dehn. (See 3258.) 

550.837 3157 
Geophysical Prospection of Underground Water 

in the Desert by means of Electromagnetic Inter-
ference Fringes.-G. L. Brown : M. A. H. El-Said. 
(Proc. Inst. Radio Engrs, July 1956, Vol. 44, No. 7, p. 
940.) Comment on 1171 of April and author's reply. 

620.179.1 : 621-52 3158 
An Electronic Position-Tracking Instrument.-

(Tech. News Bull. nat. Bur. Stand., May 1956, Vol. 40, 
No. 5, pp. 68-69.) The motion of a metal object in a 
nonconducting medium is automatically followed by a 
mutual-inductance probe associated with a servo-
mechanism. 

621.317.39 : 531.71 3159 
Mechanic-Electric Transducer.-K. S. Lion. (Rev. 

sci. Ins/rum., April 1956, Vol. 27, No. 4, pp. 222-225.) 
A system for converting mechanical displacement into a 
voltage is based on the local variations of the voltage 
between a pair of electrodes in a luminous low-pressure 
discharge excited by a r.f. field. 

621.317.39 : 621.383 3160 
A Wide-Range Photoelectric Automatic Gain 

Control.-C. Riddle. (Electronic Engng, July 1956, 
Vol. 28, No. 341, pp. 288-292.) "A photocell and valve 
are arranged in such a way that the output voltage is 
proportional to the light modulation, and independent 
of the value of the steady light flux. The circuit is 
extremely simple, and the range over which the light 
flux may vary is very large (100 000 : 1)." 

621.383 : 77 : 522.61 3161 
Obtaining the Spectra of Faint Stars by Elec-

tronic Photography.-A. Lallemand & M. Duchesne. 
(C. R. Acad. Sci., Paris, 28th May 1956, Vol. 242, No. 
22, pp. 2624-2626.) 
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621.383.5 : 531.745 : 621.396.934 3162 
Photoelectric Angular-Error Sensors.-R. A. 

Nidey & D. S. Stacey. (Rev. sci. Ins/turn., April 1956, 
Vol. 27, No. 4, pp. 216-218.) A device is described in 
which Ge-junction photocells are used to produce a 
voltage dependent on the orientation of a research rocket 
relative to the sun. See also 3182 below. 

621.384.611 3163 
Improving the Characteristics of the Cyclotron 

Beam.-W. B. Powell. (Nature, Lond., 2nd June 1956, 
Vol. 177, No. 4518, p. 1045.) Brief preliminary note of 
a technique involving the use of beam-defining slits on 
the dee interface. 

621.384.612 3164 
Excitation of Synchrotron Oscillations due to 

Electron Radiation Fluctuations in a Strong. 
Focusing Accelerator.-A. A. Kolomenski. (Zh. eksp. 
teor. Fis., Jan. 1956, Vol. 30, No. 1, pp. 207-209.) 
Theoretical note. If H„«. 10* oersted and E 10 
kMeV, then the radial r.m.s. deviation of the orbit is of 
the order of a fraction of a centimetre. 

621.384.612 3165 
Influence of Radiation on Betatron Oscillations 

of Electrons in Synchrotrons with Strong [alternat-
ing-gradient] Focusing.-A. N. Matveev. (C. R. Acad. 
Sci. U.R.S.S., 11 th April 1956, Vol. 107, No. 5, pp. 671-
674. In Russian.) 

621.384.612 : 681.142 3166 
Analog Computer for the Differential Equation 

y' + f(x)y g(x) = 0.-Bodenstedt. (See 2973.) 

621.385.833 3167 
Electrostatic Fields permitting Rigorous Cal-

culation of the Electron Paths.-H. Grümm. (Ann. 
Phys., Lpz., 29th Feb. 1956, Vol. 17, Nos. 4/5, pp. 269-
280.) Analysis is given separately for two-dimensional 
fields (pp. 269-274) and for rotationally symmetrical 
fields (pp. 275-280). 

621.385.833 3168 
Calculation of Electrostatic [electron] Lenses.-

U. Timm. (Z. Naturf., Aug. 1955, Vol. 10a, No. 8, pp. 
593-602.) The use of matrix methods is described and 
illustrated. 

621.385.833 3169 
Construction of Magnetic Electron Lenses.-P. 

Durandeau. (J. Phys. Radium, March 1956, Vol. 17, 
Supplement to No. 3, Phys. appl., pp. 18A-25A.) Design 
of short-focus lenses for very-high-velocity electrons is 
based on measurements of the field along the axis by the 
method described previously (1743 of 1953). 

621.385.833 3170 
Stereoscopic Reflection Electron Microscopy.-

D. E. Bradley, J. S. Halliday & W. Hirst. (Proc. phys. 
Soc., 1st April 1956, Vol. 69, No. 436B, pp. 484-485, 
plate.) The technique is briefly described, with some 
practical examples. 

621.385.833 3171 
Aperture Aberration of 5th Order in Spherically 

Corrected Electron Microscopes.-W. E. Meyer. 
(optik, Stuttgart, 1956, Vol. 13, No. 2, pp. 86-91.) 

621.385.833 3172 
The Lower Limit of Aperture Aberration in 

Magnetic Electron Lenses.-H. Grümm. (optik, 
Stuttgart, 1956, Vol. 13, No. 2, pp. 92-93.) 
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621.385.833 : 621.383.2 3173 
Area Sources of Low-Energy Electrons for Elec-

tron-Optic Studies.—R. J. Schneeberger. (Rev. sci. 
Instrum., April 1956, Vol. 27, No. 4, pp. 211-215.) If 
the final stages of the design of electron-optical systems 
for image tubes are carried out with a demountable tube 
containing a photocathode, the latter requires repeated 
cleaning and re-processing. Three sources suitable as 
substitutes for the photocathode are discussed, viz., (a) 
a thermionic source which sprays electrons through a 
perforated large-area electrode at about cathode 
potential, (b) a secondary-emission arrangement using 
a perforated plate with baffles associated with indivi-
dual holes, and (c) a secondary-emission transmission 
arrangement. 

621.386 : 621.383.2 3174 
Cineroentgènography with Image Intensification. 

—F. J. Euler 8t P. A. Virbal. (Elect. Engng, N.Y., 
March 1956, Vol. 75, No. 3, pp. 238-242.) Intensification 
of the X-ray image by means of a special form of image-
intensifier tube permits shortening of exposure time and 
increase in thickness of material examined in studies of 
objects in motion. 

621.387.4 : 621.314.7 3175 
The Application of Transistors to the Trigger, 

Ratemeter and Power-Supply Circuits of Radiation 
Monitors.—E. Franklin & J. B. James. (Proc. Instn 
elect. Engrs, Part B, July 1956, Vol. 103, No. 10, pp. 
497-504. Discussion, pp. 516-518.) General require-
ments and conditions of use of radiation monitors for 
y- and fl-ray survey in connection with geological pros-
pecting are outlined. Discussion indicates that junction 
transistors are preferable to either filament or cold-
cathode valves or point-contact transistors for these 
applications. 

621.389 3176 
An Electronic Machine for Statistical Particle 

Analysis.—H. N. Coates. (Proc. Instn elect. Engrs, 
Part B, July 1956, Vol. 103, No. 10, pp. 479-484.) "A 
system is described for associating and collecting the 
intercepts of individual particles in a particle scanning 
system, where the information is presented as a function 
of the scanning voltages. A series of stores is used to 
segregate the intercepts, each store having its own 
memory system and provision for re-use on completion 
of the scanning of the particle with which it is associated; 
the stores can thus be used many times during a single 
frame scan. A method of adding the intercepts of each 
particle to obtain a measure of the area of the particle is 
described, but this must be regarded as only one of the 
possibilities of extracting information from the series of 
intercepts collected." 

621.396.934 3177 
Missile Guidance by Three-Dimensional Propor-

tional Navigation.—F. P. Adler. (J. appl. Phys., May 
1956, Vol. 27, No. 5, pp. 500-507.) 

621.398 : 621.376 3178 
Telemetering Demodulator for Wide-Band F.M. 

Data.—T. D. Warzecha. (Electronics, July 1956, Vol. 
29, No. 7, pp. 157-159.) Demodulation of 12 subcarrier 
signals is effected by a pulse-averaging technique after 
recording the signals at a reduced tape speed and 
converting f.m. to p.f.m. 

621.398 : 621.396.93 3179 
Remote Radio Control of a Train.—(Elect. J., 30th 

March 1956, Vol. 156, No. 4059, pp. 998-999.) Brief 
account of a system which has been successfully operated 
in the U.S.A. 
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621.398 : 621.396.934 3180 
Shipboard Telemetering for Terrier Missiles.— 

W. S. Bell & C. W. Schultz. (Electronics, June 1956, 
Vol. 29, No. 6, pp. 134-137.) Description of equipment 
for a six-channel f.m./f.m. system providing magnetic-
tape recordings of missile data. 

621.398 : 621.396.934 3181 
Transistor Modulator for Airborne Recording.— 

J. L. Upham, Jr, & A. I. Dranetz. (Electronics, June 
1956, Vol. 29, No. 6, pp. 166-169.) Description of a 
p.p.m. telemetry system for indicating pressure or 
acceleration, based on the displacement of the core of a 
differential transformer. 

621.398 : 621.396.934 3182 
Transistors telemeter Small Missiles.—C. M. 

Kortman. (Electronics, July 1956, Vol. 29, No. 7, pp. 
145-147.) Rate of spin of a missile 2 in. in diameter is 
determined from the cyclic frequency shift produced by 
the rotation of a Ge photocell exposed to the ambient 
light and connected across the coil of a junction-
transistor Hartley oscillator. Curves showing oscillator 
frequency plotted against light intensity, temperature, 
etc. are given. 

621.396.934 3183 
Guidance. [Book Review]—A. S. Locke & colla-

borators. Publishers: Van Nostrand, Princeton, N.J., 
and Macmillan, London, 1955, 729 pp., $12.50 or 90s. 
(Nature, Lond., 2nd June 1956, Vol. 177, No. 4518, pp. 
1003-1004.) A general introduction and reference book, 
constituting the first of a projected series of five books 
on the principles of guided-missile design. The subjects 
involved include servomechanism theory, aerodynamics, 
radar, navigation, communications and the application 
of computers. 

PROPAGATION OF WAVES 

538.566.029.43 : 551.594.6 3184 
Influence of the Horizontal Geomagnetic Field on 

Electric Waves between the Earth and the Iono-
sphere travelling Obliquely to the Meridian.— 
Schumann. (See 3060.) 

621.396 3185 
Symposium on Communications by Scatter 

Techniques.—(Trans. Inst. Radio Engrs, March 1956, 
Vol. CS-4, No. 1, pp. 1-122.) The text is given of papers 
presented at a symposium held in Washington in 
November 1955. These include the following: 
Some Practical Aspects of Auroral Propagation.— 

H. G. Booker (p. 5). 
Progress of Tropospheric Propagation Research related 

to Communications beyond the Horizon.—J. H. 
Chisholm (pp. 6-16). 

Practical Considerations for Forward Scatter Applica-
tions.—J. R. McNitt (pp. 28-31). 
Some Meteorological Effects on Scattered V.H.F. 

Radio Waves.—B. R. Bean (pp. 32-38). 
Point-to-Point Radio Relaying via the Scatter Mode 

of Tropospheric Propagation.—K. A. Norton (pp. 39-49). 
A Simplified Diversity Communication System for 

Beyond-the-Horizon Links.—F. J. Altman & W. Sichak 
(pp. 50-55). 
V.H.F. Trans-horizon Communication System Design. 

—R. M. Ringoen (pp. 77-86). 
System Parameters using Tropospheric Scatter Prop-

agation.—H. H. Beverage, E. A. Laport & L. C. 
Simpson (pp. 87-96). 
A Simple Picture of Tropospheric Radio Scattering.— 

W. E. Gordon (pp. 97-101). 
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Some Ionosphere Scatter Techniques.-D. A. Hedlund, 
L. C. Edwards & W. A. Whitcraft, Jr (pp. 112-117). 

Signal Fluctuations in Long-Range Overwater Prop-
agation.-W. S. Ament & M. Katzin (pp. 118-122). 

Abstracts of some of these are given in Proc. Inst. 
Radio Engrs, June 1956, Vol. 44, No. 6, Part 1, p. 831. 

621.396.1 I 3186 
Field Strength in the Vicinity of the Line of sight 

in Diffraction by a Spherical Surface.-K. Furutsu. 
(J. Radio Res. Labs, Japan, Jan. 1956, Vol. 3, No. 11, 
pp. 55-76.) The convergency of the formula for diffrac-
tion by a spherical earth is improved by using the 
expression for a flat earth, with an appropriate correcticn 
in the form of an integral. 

621.396.11 : 551.510.535 3187 
Observations of Ionospheric Absorption at the 

K.N.M.I. [Royal Netherlands Meteorological Institute]. 
-van Daatselaar. (See 3054.) 

621.396.11 : 551.510.535 - 3188 
On the Existence of a ̀Q.L.'-`Q.T."Transition-

Level' in the Ionosphere and its Experimental 
Evidence and Effect.-D. Lepechinsky. (J. atmos. terr. 
Phys., June 1956, Vol. 8, No. 6, pp. 297-304.) See 1767 
of 1955 (Lepechinsky & Durand). 

621.396.11 : 551.594.6 3189 
The Propagation of a Radio Atmospheric.-C. M. 

Srivastava. (Proc. Instn elect. Engrs, Part B, July 1956, 
Vol. 103, No. 10, pp. 542-546.) Analysis is presented 
assuming that the original disturbance is a rectangular 
pulse of duration 100 its and that propagation takes 
place by multiple reflections in the waveguide constituted 
by the earth and the ionosphere. The theory provides 
an explanation of the smooth oscillating waveform of 
atmospherics received from a distance. 

621.396.11 : 621.396.674.3 3190 
Radiation from a Vertical Antenna over a Curved 

Stratified Ground.-J. R. Wait. (J. Res. nat. Bur. 
Stand., April 1956, Vol. 56, No. 4, pp. 237-244). Analysis 
is presented on the basis of a specified surface impedance 
at the earth's surface. 

621.396.11.001.57 3191 
Multipath Simulator tests Communications.-

A. F. Deuth, H. C. Ressler, J. W. Smith & G. M. Stamps. 
(Electronics, July 1956, Vol. 29, No. 7, pp. 171-173.) A 
system designed for laboratory testing of long-range 
communication equipment is described. Two signal 
paths are provided by acoustic transducers operating at 
150 kc/s in air which is disturbed by heat or fans to effect 
frequency-selective random fading. 

621.396.11.029.4 : 55 I .594.6 3192 
Propagation of Audio-Frequency Radio Waves 

to Great Distances.-F. W. Chapman & R. C. V. 
Macario. (Nature, Lond., 19th May 1956, Vol. 177, No. 
4516, pp. 930-933.) Observations of atmospherics wave-
forms have been supplémented by simultaneously record-
ing the relative amplitudes of the frequency components 
in the waveform spectrum. Magnetic recording tech-
niques were used to obtain permanent records of all 
disturbances reaching a vertical rod aerial. A second 
channel on the magnetic tape provided information as 
to the source of individual disturbances. The spectro-
meter was a modified form of that used previously [419 
of 1954 (Chapman & Matthews)]. The results described 
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were obtained from observations of cloud-to-ground 
discharges at known distances up to about 4 000 km. 
In all cases marked absorption was found at frequencies 
around 1-2 kc/s. An attenuation/frequency curve is 
presented linking the results with those obtained by 
Eckersley (J. Instn elect. Engrs, Sept. 1932, Vol. 71, No. 
429, pp. 405-454) on long-distance radio transmissions 
at frequencies up to about 30 Mc/s. For a range of 
frequencies below 200 or 300 cis the attenuation is no 
greater than for short waves. 

621.396.11.029.45 3193 
Long-Distance Propagation of 16- kcjs Waves.-

N. M. Rust. (Marconi Rev., 1st Quarter 1956, Vol. 19, 
No. 120, pp. 47-52.) Discussion of papers by Budden 
(2773 of 1953) and Pierce (2404 of 1955) suggests that 
the experimental results can be explained qualitatively 
in terms of simple ionosphere/ground-reflection propaga-
tion, taking into account up to four hops, without 
invoking more elaborate theories. The need for further 
experimental work is emphasized. 

621.396.11.029.51 3194 
Change of Phase with Distance of a Low. 

Frequency Ground Wave propagated across a 
Coast-Line.--B. G. Pressey, G. E. Ashwell & C. S. 
Fowler. (Proc. Instn elect. Engrs, Part B, July 1956, 
Vol. 103, No. 10, pp. 527-534.) Continuation of work 
described previously (1782 of 1953). Observations were 
made on a frequency of 127.5 kc/s along a number of 
paths of lengths up to 22 km radiating from a transmitter 
near Lewes, England, and crossing the coast between 
Pevensey and Littlehampton; some paths tangential to 
the coast-line and some at right angles to the radials 
were also studied. The results confirm the existence of 
the phase-recovery effect on passing from low-conduc-
tivity ground to sea water. They also indicate systematic 
phase variations whose magnitudes decay from about 4° 
near the coast to a negligible amount at 6 A out to sea. 
A very marked phase disturbance within A/2 of the coast 
on the landward side is also evident; this is similar to 
that previously observed over geological boundaries on 
land. 

621.396.11.029.51 3195 
The Deviation of Low-Frequency Ground Waves 

at a Coast-Line.-B. G. Pressey & G. E. Ashwell. 
(Proc. Instn elect. Engrs, Part B, July 1956, Vol. 103, 
No. 10, pp. 535-541.) "After consideration of the 
methods which have been suggested for computing the 
deviation of ground waves at a coast-line, the phenomenon 
is re-examined in the light of recent experimental and 
theoretical work on the phase disturbances at such a 
boundary. It is shown that the deviation may be 
calculated from the rate of change of phase with distance 
along the path of propagation. The changes in this rate 
which occur at the boundary give rise to a considerable 
increase in the magnitude of the deviation as the 
receiving point is brought within a few wavelengths of 
that boundary. This increase near the coast seems to 
provide an explanation of the unexpectedly large 
deviations previously observed at medium frequencies. 
A series of simultaneous measurements of the phase 
change and the deviation at 127.5 kc/s along a number 
of paths crossing the south coast of England are des-
cribed. Although general agreement between the 
measured deviations and those derived from the phase 
curves was obtained on some paths, there were appreci-
able discrepancies on others. These discrepancies are 
attributed to the irregularities in the phase surface which 
were evident over the area and which the method of 
derivation did not take into account." 

A.233 



621.396.11.029.55: 551.510.535 3196 
The Prediction of Maximum Usable Frequencies 

for Radiocommunication over a Transequatorial 
Path.-G. McK. Allcock. (Proc. Instn elect. Engrs, 
Part B, July 1956, Vol. 103, No. 10, pp. 547-552.) 
"Times of reception of 15 Mcis radio waves over a 
transequatorial path of 7 500 km have been recorded 
throughout the recent period of declining solar activity 
(1950-54). The analysis of these times has shown that 
predictions of m.u.f. made by the usual control-point 
method were, in general, too high by about 4 Mc/s, and 
at times by as much as 7 Mc/s or more. This is contrary 
to the normal experience for long transmission paths 
lying within a single hemisphere. When a transmission 
mechanism involving multiple geometrical reflections is 
assumed instead of the forward-scattering mechanism 
implied by the control-point method, it is found that the 
path can be considered, for the purpose of predicting 
m.u.f.s, to consist of three reflections. The discrepancies 
between prediction and observation, which still remain 
after a 3-reflection mechanism has been invoked, are 
attributed mainly to reflections from the sporadic-E 
region at the southernmost reflection point, although it 
is possible that lateral deviation of the radio waves is 
also a contributing factor." 

621.396.11.029.55 : 551.510.535 3197 
Back-Scatter Ionospheric Sounder.-E. D. R. 

Shearman & L. T. J. Martin. (Wireless Engr, Aug. 1956, 
Vol. 33, No. 8, pp. 190-201.) Equipment is described 
for studying waves reflected from irregularities on the 
earth's surface and propagated back to the source via 
the ionosphere. The design of a suitable 150-kW pulse 
transmitter which can be simply tuned to any frequency 
in the band 10-27 Mc/s is discussed. The same 3-wire 
rhombic aerials are used for transmission and reception, 
with a tunable transmit-receive switch. A receiver of 
1he type described by Piggott (2301 of 1955) provides an 
output suitable for presentation of the received echoes 
on a normal timebase display. A photographic record 
is made of this display, and continuous range/time (0) 
records are also obtained. The same transmitter and 
receiver are also used with a continuously rotating Yagi 
aerial and p.p.i. By using speeded-up kinematography, 
the changes occurring over 24 h may be shown in a few 
minutes. See also 1854 and 1855 of June (Shearman). 

621.396.11.029.6 : 551.510.52 3198 
Some Considerations for the Field Strength of 

Ultra-short Waves at Night.-K. Tao. (J. Radio 
Res. Labs, Japan, Jan. 1956, Vol. 3, No. 11, pp. 77-99.) 
.The high level of field strength found locally at night is 
caused by reflection at a tropospheric inversion layer. 
The formation of such layers is discussed and related to 
the prevailing meteorological conditions. 

621.396.11.029.62 : 551.510.52 3199 
Investigations of the Propagation of Ultra-short 

Waves.-R. Schünemann. (Hochfrequenzlech. u. Elek-
troakust., Jan. 1956, Vol. 64, No. 4, pp. 107-123.) 
Expressions are derived relating received field strength 
to atmospheric pressure, temperature and humidity and 
their height gradients, while taking account of diffraction 
at the earth's surface. • Verifying experiments were made 
over a 76-km path, using a frequency of 68 Mc/s, with 
the transmitter aerial at a height of 90 m and the 
receiver aerial at a height of 30 m. The measured field 
strengths were correlated with meteorological observa-
tions; results are shown graphically for eight months, 
first for the main refracted and diffracted wave only, and 
then taking account of the reflected wave, which makes 
an effective contribution for 15%-30% of the time. 
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621.396.812.3 : 551.510.535 3200 
A Correlation Treatment of Fading Signals.-

N. F. Barber. (J. atnws. terr. Phys., June 1956, Vol. 8, 
No. 6, pp. 318-330.) An examination in terms of the 
complete correlogram is made of the fading signals 
observed at three receivers located at the apices of a 
right-angled isosceles triangle with equal arms of length 
91 m. Methods based on three different sets of assump-
tions are used to interpret the correlograms in relation 
to ionospheric drifts. Discussion indicates that a 
quadratic method of analysis is not affected by decay in 
the correlogram. 

621.396.11.029.62 3201 
Atlas of Ground-Wave Propagation Curves for 

Frequencies between 30 Mcis and 300 Mc/s. [Book 
Review]-B. van der Pol. Publishers: International 
Telecommunication Union, Geneva, 1955, 35 pp. ± 174 
diagrams, $8.55. (Proc. Inst. Radio Engrs, July 1956, 
Vol. 44, No. 7, p. 952.) Information prepared at the 
request of the C.C.I.R. is presented regarding propagation 
over a spherical earth allowing for standard atmospheric 
refraction. The curves are preceded by an outline of the 
theory. 

RECEPTION 

621.376.23 : 621.396.822 3202 
Interaction of Signal and Noise in an Inertial 

Detector.-L. S. Gutkin. (Radiotekhnika, Moscow, Feb. 
& March 1956, Vol. 11, Nos. 2 & 3, pp. 43-53 & 51-62.) 
The detection by a linear inertial detector of a signal in 
the presence of noise is analysed for the case when the 
signal is (a) unmodulated, and (b) amplitude modulated 
The results are compared with the corresponding relations 
for a non-inertial detector. The detector arrangement 
considered is a diode with RC circuit. 

621.376.33 : 621.396.82 3203 
Fourier Representation of a Demodulated Beat 

Oscillation.-R. Leisterer. (Elektronische Rundschau, 
Jan. 1956, Vol. 10, No. 1, pp. 19-20.) The analysis 
presented shows that, if two sinusoidal signals, slightly 
differing in frequency, are applied via an ideal amplitude 
limiter to a linear wide-band f.m. discriminator, then the 
1.f. output voltage due to interference will increase with 
the signal frequency separation, and the waveform will 
depend on the amplitude ratio of the signals. 

3204 
621.396.62 + 621.395.625.3 + 621.395.92] : 621.314.7 

Transistor Circuitry in Japan.-(Electronics, July 
1956, Vol. 29, No. 7, pp. 120-124.) Circuits and 
characteristics of four types of broadcast receiver, a 
battery-operated tape recorder and a hearing aid are 
given. 

621.396.621 + 621.397.62 
Preventing Fires from 

Design and Manufacture 
Receivers.-H. T. Heaton. 
April 1955, Vol. BTR-1, No. 

3205 
Electrical Causes in the 
of Radio and Television 
(Trans. Inst. Radio Engrs, 
2, pp. 28-36.) 

621.396.621 : 621.396.828 3206 • 
The Compensation of Interference in Carrier-

Frequency Receivers by means of an Opposing 
Receiver connected in Parallel.-H. Kaden. (Fre-
quenz, March 1956, Vol. 10, No. 3, pp. 76-82.) Rigorous 
analysis is presented for the nonideal case, i.e. for 
circuits with arbitrary response characteristics over the 
pass band, assuming a sinusoidal signal of frequency 
within the pass band of the main receiver but outside 
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that of the compensating receiver, and short interfering 
pulses. Rectifiers with square-law and broken-line 
characteristics are considered as demodulators; the 
broken-line characteristic leads to more effective 
elimination of the interference. For pulses occurring 
over a certain signal-phase range, the effect of the 
parallel receiver may be to increase the interference. 

621.396.621.029.62 : 621.396.662 : 621.314.63 3207 
Junction Diode A.F.C. Circuit.-G. G. Johnstone. 

(Wireless World, Aug. 1956, Vol. 62, No. 8, pp. 354-355.) 
A circuit intended primarily for a f.m. receiver uses a 
junction diode biased to cut-off; in this condition the 
diode capacitance varies with the applied voltage. 

621.396.8 3208 
Asymmetry in the Performance of High-

Frequency Radiotelegraph Circuits.-A. M. Humby 
& C. M. Minnis. (Proc. Instn elect. Engrs, Part B, July 
1956, Vol. 103, No. 10, pp. 553-558.) A further study 
has been made of the systematic differences which have 
been observed previously in the performance of radio-
telegraph circuits for transmission in the two opposite 
directions [3394 of 1955 (Humby et al.)]. Measurements 
on transequatorial circuits suggest that the asymmetry 
is due at least partly to the combined effects of using 
directive receiving aerials and the diurnal and seasonal 
changes in the sources of atmospheric noise. 

621.396.82 : 621.327.43 3209 
Evaluation of Radio Influence Voltages in 

Fluorescent Lighting Systems.-F. H. Wright & S. A. 
Zimmermann. (Elect. Engng, N.Y., March 1956, Vol. 75, 
No. 3, pp. 272-274.) Interference with radio reception 
is caused mainly by supply-line radiation and by direct 
conduction. Elimination of interference by a low-
impedance earth on the lighting system is unreliable; 
the connection of capacitors across individual lamps is 
most effective. In evaluating the efficiency of any 
filtering system a reference standard obtained by putting 
0.01-µF capacitors across each lamp is recommended. 

STATIONS AND COMMUNICATION SYSTEMS 

621.376.56 3210 
Coding of Signals by Damped-Oscillation Method. 

-B. Carniol. (Slab. Obs., Prague, March 1956, Vol. 17, 
No. 3, pp. 129-134.) A system of pulse coding which 
obviates the use of a coding tube is described. Voltage 
pulses of amplitudes proportional to the instantaneous 
amplitudes of the speech voltage, produced at intervals 
of 125 p,s, excite an LCR circuit tuned to 500 kc/s. The 
resultant modulated voltage is passed through an ampli-
tude limiter to a binary coder. Basic circuit diagrams 
of a simple coder and one with symmetrical logarithmic 
compression are given. 

621.39 : 534.78 3211 
The Vobanc-a Two-to-One Speech Bandwidth 

Reduction System.-Bogert. (See 2943.) 

621.39.01 : 512.831 3212 
Topological Properties of Telecommunication 

Networks.-Z. Prihar. (Proc. Inst. Radio Engrs, July 
1956, Vol. 44, No. 7, pp. 927-933.) A method of matrix 
analysis developed in connection with sociological studies 
is applied to investigate problems relating to the con-
nections between a number of points. Numerical 
examples are given. 

621.396 3213 
Symposium on Communications by Scatter Tech-

niques.-(See 3185.) 
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621.396.41 + 621.395.43] : 621.376.3 3214 
An Extended Analysis of Echo Distortion in the 

F.M. Transmission of Frequency Division Multi - 
plex.-R. G. Medhurst & G. F. Small. (Proc. Instn 
elect. Engrs, Part B, July 1956, Vol. 103, No. 10, pp. 
447-448.) Discussion on 1867 of June. 

621.396.41 : 621.376.3 3215 
Multiprogram F.M. Broadcast System.-W. N. 

Hershfield. (Electronics, June 1956, Vol. 29, No. 6, pp. 
130-133.) A system is described in which three addi-
tional programs with bandwidth 10 kc/s are trans-
mitted by f.m. on subcarriers 28, 49 and 67 kc/s above 
the main broadcast carrier. Detailed circuit diagrams 
are given of the subcarrier generator with serrasoid 
modulator, the transmitter exciter stage, the main-
channel receiver and a subcarrier demodulator unit. 

621.396.41.029.6 : 621.376.3 : 621.396.82 3216 
Nonlinear Distortion in Multichannel Com-

munication Systems with Frequency Modulation.-
V. A. Smirnov. (Radiotekhnika, Moscow, Feb. 1956, Vol. 
11, No. 2, pp. 14-28.) Noise due to multipath propaga-
tion and waveguide mismatch is considered theoretically. 
The results are more general than those obtained by 
Borovich (ibid., Oct. 1955, Vol. 10, No. 10, pp. 3-14) and 
by Bennett et al. (3089 of 1955). 

621.396.5 : 621.396.4 3217 
The Copenhagen-Thorshavn Radiotelephony 

Link.-S. Gregersen. (Teleteknik, Copenhagen, Feb. 
1956, Vol. 7, No. 1, pp. 15-34.) Detailed description of 
this h.f. multichannel system. 

621.396.65 3218 
V.H.F. Radio Link in the West Indies.-R. 

McSweeny. (Elect. Engng, N.Y., March 1956, Vol. 75, 
No. 3, p. 271.) Digest of paper published in Trans. Amer. 
Inst. elect. Engrs, Part I, Communication and Electronics, 
Jan. 1956, Vol. 74, pp. 781-785. Details are given of 
two radio links over 69 miles and 45 miles respectively, 
using f.m. transmissions on frequencies of 150-160 Mc/s. 

621.396.7 + 621.397.7](47) 3219 
Broadcasting in the U.S.S.R.-(Wireless World, 

Aug. 1956, Vol. 62, No. 8, pp. 379-381.) Some technical 
details of the sound and vision services are given, with 
a note on the television standards. 

621.396.7 (492) : 621.376.3] 621.397.7(492) 3220 
A Survey of the TV and F.M. Projects in the 

Netherlands.-J. L. Bordewijk. (PTT-Bedrijf, March 
1956, Vol. 7, No. 1, pp. 1-12. In English.) 

621.396.71 (489) 3221 
Coast Stations in Denmark.-K. Svenningsen. 

(Teleteknik, Copenhagen, Feb. 1956, Vol. 7, No. 1, pp. 
1-14.) The radio stations at Thorshavn, Skagen (The 
Skaw) and Ronne are described; telegraphy and 
telephony services are handled. 

SUBSIDIARY APPARATUS 

621-526 3222 
An On-Off Servomechanism with Predicted 

Change-Over.-J. F. Coales & A. R. M. Noton. (Proc. 
Instn elect. Engrs, Part B, July 1956, Vol. 103, No. 10, 
pp. 449-460. Discussion, pp. 460-462.) "A general 
method has been devised for achieving optimum 
switching with an on-off control system. The practic-
ability of predicting the ideal switching time has been 
demonstrated with a model experiment for which 
responses to step, ramp, and parabolic input functions 
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have been found to compare favourably with those of 
an orthodox system." 

621-526 3223 
The Dual-Input Describing Function and its Use 

in the Analysis of Nonlinear Feedback Systems:— 
J. C. West, J. L. Douce & R. K. Livesley. (Proc. Instn 
elect. Engrs, Part B, July 1956, Vol. 103, No. 10, pp. 
463-473. Discussion, pp. 473-474.) 

621.3-71 : 537.32 : 537.311.33 3224 
Thermoelectric Cooling.—L. S. Stil'bans, E. K. 

Iorcianishvili & T. S. Stavitskaya. (Bull. Acad. Sci. 
U.R.S.S., sér. phys., Jan. 1956, Vol. 20, No. 1, pp. 81-88.) 
A brief account is given of A. F. loties theory of 
thermoelectric cooling (Energetical Bases of Semiconductor 
Thermo-Batteries, published by the U.S.S.R. Academy 
of Sciences, Moscow, 1956) and of experimental results. 
Temperature differences up to 70°C have been obtained. 
Applications being investigated include cooling of com-
ponents in radio and electronic equipment. 

621.314.63 : 546.28 3225 
Diffused p-n Junction Silicon Rectifiers.—M. B. 

Prince. (Bell Syst. tech. J., May 1956, Vol. 35, No. 3, 
pp. 661-684.) Development types with current ratings 
up to 100 A for reverse peak voltages of 200 V or over 
are described. Operation is satisfactory at temperatures 
up to 200°C. 

621.314.63 : 546.28 3226 
The Forward Characteristic of the P-I-N Diode. 

—D. A. Kleinman. (Bell Syst. tech. J., May 1956, Vol. 
35, No. 3, pp. 685-706.) Theory for the p-i-n Si diffused-
junction diode indicates that the forward characteristic 
should be similar to that of the simple p-n diode until 
the current density approaches 200 A/cm2; anomalies 
in the characteristic at low current densities are un-
related to the presence of the weakly p middle region. 
See also 3225 above. 

621.362 : 537.311.33 : 537.32 3227 
Thermoelectric Generators.—A. F. loti e. (Bull. 

Acad. Sci. U.R.S.S., sér. phys., Jan. 1956, Vol. 20, No. 1, 
pp. 76-80. In Russian.) Basic design formulae are given 
and discussed. Using a semiconductor layer 0.5 cm 
thick, with thermoelectric coefficient 170 x 10-6 V/deg, 
a temperature difference of 300°C across it, and a heat 
input of 11.6 W/cms, and assuming a specific mass of 5 
and an efficiency of 8%, an output of 0.2 kW/kg may be 
obtained. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.611.2 : 525.623 : 621.397.7 3228 
The `Vitascan'—New Color TV Scanner.—C. E. 

Spicer. (Tele-Tech & Electronic Ind., Feb. 1956, Vol. 15, 
No. 2, pp. 60-61..117.) A spot of white light, generated 
on the screen of a c.r. tube by a beam deflected at the 
standard television rate, is projected on the scene and 
the reflected light is picked up by fixed photo-multiplier 
tubes, associated with colour filters, which generate the 
video signal. General studio lighting is provided by 
pulsing xenon lamps to be on during the vertical retrace 
time of the television signal. 

621.397.62 + 621.396.621 
Preventing Fires from 

Design and Manufacture 
Receivers.—H. T. Heaton. 
April 1955, Vol. BTR-1, No. 
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3229 
Electrical Causes in the 
of Radio and Television 
(Trans. Inst. Radio Engrs, 

2, pp. 28-36.) 

621.397.62 3230 
A Television Receiver Suitable for Four 

Standards.—H. L. Berkhout. (Philips tech. Rev., Dec. 
1955, Vol. 17, No. 6, pp. 161-170.) A model suitable 
for receiving the Belgian 625- and 819-line, the European 
625-line, and the French 819-line standards is described. 
A common vision i.f, amplifier is used, the frequency 
being 38.9 Mc/s and the bandwidth 4 Mc/s. The video 
signal is applied to the picture-tube control grid for 
positive modulation and to the cathode for negative 
modulation. Different sound intermediate frequencies 
are again converted to a common second i.f. of 7 Mc/s. 
Flywheel synchronization is used for the horizontal 
deflection. 

621.397.62 : 525.623 3231 
Chrominance Circuits for Colour-Television 

Receivers.—B. W. Osborne. (Electronic Engng, June 
& July 1956, Vol. 28, Nos. 340 & 341, pp. 240-246 
293-297.) "A survey of current practice and recent 
developments in phase synchronization, chrominance 
demodulator and matrix circuits for use in colour-
television receivers." 

621.397.621 : 535.623 : 621.385.832 3232 
Television Receiver uses One-Gun Color C.R.T.— 

(Electronics, June 1956, Vol. 29, No. 6, pp. 150-153.) 
A description is given of the 'apple' tube. An electron , 
beam sequentially strikes vertical phosphor stripes 
arranged in triplets of red, blue and green on an 
aluminized screen, with interstices filled with non-
luminescent material. Applied behind each red stripe 
and covering about 40% of the triplet width is an 
'indexing' stripe of MgO with high secondary-emission 
characteristic. An intensity-modulated pilot beam from 
the same electron gun is aligned so that it strikes the 
same colour stripe as the main beam, and the secondary-
emission current is used to derive an indexing signal 
controlling the amplitude and phase modulation of the 
main signal to produce a colour display. Block diagrams 
and some details of the associated receiver circuit are 
given. 

621.397.7 3233 
Optical Multiplexing in Television Film Equip-

ment.—A. H. Lind & B. F. Melchionni. (J. Soc. Mot. 
Pict. Telev. Engrs, March 1956, Vol. 65, No. 3, pp. 
140-145. Discussion, p. 145.) 

621.397.7 -I- 621.396.71(47) 3234 
Broadcasting in the U.S.S.R.—(See 3219.) 

621.397.7(492) + [621.396.7 (492) : 621.376.3 3235 
A Survey of the TV and F.M. Projects in the 

Netherlands.—J. L. Bordewijk. (PTT-Bedrijf, March 
1956, Vol. 7, No. 1, pp. 1-12. In English.) 

621.397.8 : 621.372 : 621.3.018.752 3236 
The Effect upon Pulse Response of Delay Varia-

tion at Low and Middle Frequencies.—Callendar. 
(See 2984.) 

TRANSMISSION 

621.376.22 : 621.317.6 : 621.385.5 3237 
Study of Amplitude Modulation applied via a 

Pentode Suppressor Grid.—J. Loeckx. (Rev. HF, 
Brussels, 1956, Vol. 3, No. 5, pp. 183-190.) With this 
mcthod of modulation, the pentode screen grid is main-
tained at fixed potential. The relation between the 
anode current and the grid and anode voltages is derived, 
and the equation of the modulation characteristic is 
hence determined explicitly. A measurement method 
particularly suitable for obtaining the characteristics of 
power valves is outlined. 
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621.396.61 : 621.396.662 3238 
Automatic Tuning for High-Power Transmitter. 

-V. R. DeLong. (Electronics, July 1956, Vol. 29, No. 
7, pp. 134-137.) 

VALVES AND THERMIONICS 

621.314.63(47) : 546.289 3239 
Germanium Diodes.-A. N. Puzhai. (Avlotnalika i 

Telemekhanika, Feb. 1956, Vol. 17, No. 2, pp. 140-146.) 
Discussion of the characteristics of point-contact and 
junction-type Ge diodes available in Russia. 

621.314.632 : 546.289 3240 
Effect of Vacuum Heating and Ion Bombardment 

of Germanium on Point Contact Rectification.-
R. B. Allen & H. E. Farnsworth. (J. appl. Phys., May 
1956, Vol. 27, No. 5, pp. 525-529.) Measurements were 
made of the characteristics of diodes comprising a Ge 
crystal with a tungsten or columbium point contact, to 
determine whether an adsorbed gas layer on the Ge 
surface is a pre-requisite for rectification. Ge surfaces 
free from such layers are obtained by vacuum heating 
and argon-ion bombardment. The best rectification 
characteristics were obtained after the Ge had been 
subjected to a long anneal, argon-ion bombardment, and 
a short anneal, in that order. The diode activation 
potential does not appear to be dependent on the metallic 
work function. 

621.314.7(083.7) 3241 
I.R.E. Standards on Letter Symbols for Semi-

conductor Devices, 1956.-(Proc. Inst. Radio Engrs, 
July 1956, Vol. 44, No. 7, pp. 934-937.) Standard 
56 I.R.E. 28. SI on transistors. 

621.314.7.002.2 3242 
Automatic Etching of Transistor Pellets.-

(Electronics, July 1956, Vol. 29, No. 7, pp. 226..236.) 
A description of the etching, washing and indium plating 
of concentric holes in Ge or Si pellets for surface-barrier 
transistors. The precision electrochemical etching is 
controlled by a light beam and photocell. 

621.314.7 : 537.311.33 3243 
Propagation of a Short Pulse in a Semiconductor 

bounded by Two Electron-Hole Transitions.-E. I. 
Adirovich & V. G. Kolotilova. (Zh. elesp. teor. Fis., Dec. 
1955, Vol. 29, No. 6(12), pp. 770-777.) The propagation 
of a short pulse in a p-n-p transistor is considered 
theoretically. Using the continuity equation for holes, 
an expression is derived for the concentration of non-
equilibrium carriers at an arbitrary cross-section due to 
application of the pulse at the emitter. The collector 
current is calculated for various values of lifetime of the 
nonequilibrium carriers, and the effect of the boundary 
conditions on the electron processes in the body of the 
semiconductor is discussed. 

621.314.7 : 621.318.57 3244 
A Switching Transistor with Short Transition 

Times.-H. Salow & W. v. Münch. (Z. angew. Phys.. 
March 1956, Vol. 8, No. 3, pp. 114-119.) A characteristic 
with an unstable region is obtained by adding an 
auxiliary collector adjacent to the usual collector of a 
junction transistor. In an experimental n-p-n unit with 
base thickness of 50 II., a change of emitter/base resistance 
from 1 MO to 20 û was achieved in 2 x 10-7 s. The 
theory and the characteristics are discussed. 

621.314.7 : 621.387.4 3245 
The Application of Transistors to the Trigger, 

Ratemeter and Power-Supply Circuits of Radiation 
Monitors.-Franklin & James. (See 3175.) 
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621.314.7 : 621.396.822 3246 
Microphonism due to Transistor Leads.-C. W. 

Durieux & T. A. Prugh. (Proc. Inst. Radio Engrs, July 
1956, Vol. 44, No. 7, pp. 938-939.) A brief note of 
observations of voltages generated by the vibrations of 
transistor leads in a magnetic field. 

621.38.004.6 3247 
Reliability as a Design and Maintenance Problem. 

-R. Matthews. (Electronic Engng, July 1956, Vol. 28, 
No. 341, pp. 310-312.) The subject is discussed 
particularly in relation to valve performance. 

621.383.27 : 621.387.464 3248 
Study of the First-Stage Focusing of a Photo-

multiplier Tube for Scintillation Counting.-G. 
Wendt. (Ann. Radioélect., Oct. 1955, Vol. 10, No. 42, 
pp. 372-386.) 

621.383.4 3249 
The Photo-effect in Lead Sulphide and Related 

Materials.-R. Stein & B. Reuter. (Z. Naturf., Aug. 
1955, Vol. 10a, No. 8, pp. 655-656.) Discussion of 
photoelectric inertia effects which have been traced to 
the presence of excess sulphur. Experiments are 
reported which indicate that these effects are probably 
related to the sensitization of the PbS cell by the usual 
method involving oxidation. 

621.383.4/5 : 546.817.221 3250 
p-n Junctions in Photosensitive PbS Layers.-J. 

Bloem. sci. Res., 1956, Vol. B6, Nos. 1/2, pp. 
92-100.) PbS layers containing sharp p-n junctions can 
be produced by precipitation from an aqueous solution 
on to a glass plate partially coated with a thin layer of 
a trivalent metal; immediately after deposition, the 
whole of the PbS layer is of n type, but the portion on 
the uncoated glass is converted to p type soon after 
coming into contact with the air. Measurements of the 
photo-e.m.f. and resistance of such cells are reported; 
variations with storage time were investigated. The 
influence of oxygen in the ambient gas is discussed. 

621.383.5 3251 
The Photo-Electromotive Force of Lead Sulphide 

Photocells.-R. Ya. Berlaga, M. A. Rumsh & L. P. 
Strakhov. (Zh. tekh. Fis., Oct. 1955, Vol. 25, No. 11, pp. 
1878-1882.) Layers of PbS were obtained in which an 
e.m.f. appeared during illumination, although no voltage 
was applied during their preparation. The photo-e.m.f. 
of freshly prepared specimens was of the order of a few 
mV. When the specimens were heated to temperatures 
between 500° and 600°C, the photo-e.m.f. increased to 
3 V. The experimental investigation is described, 
electron-diffraction diagrams are reproduced, and a 
theoretical interpretation of the results is given. 

621.385.029.6 3252 
Theory of the Transverse-Current Traveling-

Wave Tube.-D. A. Dunn, W. A. Harman, L. M. Field 
& G. S. Kino. (Proc. Inst. Radio Engrs, July 1956, Vol. 
44, No. 7, pp. 879-887.) Valves are discussed in which 
an extended beam approaches the helix from the side, 
either normally or at an angle; each electron, instead of 
travelling the length of the helix, cuts across it and 
interacts with it for only a fraction of its length. Three 
forward waves are produced in such a system. Expres-
sions are derived for the overall gain. The power output 
reaches saturation for a given value of input and stays 
at this value with further increase of input. 
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621.385.029.6 3253 
An Experimental Transverse-Current Travel-

ing-Wave Tube.-D. A. Dunn & W. A. Harman. 
(Proc. Inst. Radio Engrs, July 1956, Vol. 44, No. 7, pp. 
888-896.) Details are given of the construction and 
performance of a valve of the class discussed by Dunn 
et al. (3252 above) using a fiat helix and a skew beam. 
The valve operates as an amplifier over the frequency 
range 1-2 kMc/s with a power output of the order of 
30 mW. The gain/voltage characteristic is markedly 
different from that of a conventional travelling-wave 
valve; high attenuation is observed over a wide range 
of current and voltage values. Gain/current, gain/ 
frequency and saturation-power/frequency characteristics 
are as predicted by the theory. Experiments are des-
cribed in which two input signals of different frequencies 
were applied simultaneously. 

621.385.029.6 3254 
Some Effects of Magnetic Field Strength on 

Space-Charge-Wave Propagation.-G. R. Brewer. 
(Proc. Inst. Radio Engrs, July 1956, Vol. 44, No. 7, pp. 
896-903.) General analysis is presented for the propaga-
tion of space-charge waves in magnetically focused 
electron beams. The propagation characteristics for the 
fundamental radial mode are expressed in terms of the 
plasma-frequency reduction factor, graphs of which are 
shown. The case of a beam within a helix, as in the 
travelling-wave valve, is examined particularly. 

621.385.029.6 3255 
Study of the Oscillation Modes of the M-Type 

Carcinotron: Part 1.-M. de Bennetot. (Ann. Radio-
élect., Oct. 1955, Vol. 10, No. 42, pp. 328-343.) The 
starting current and oscillation frequency are determined 
theoretically, taking account of space-charge effects. 
The field of the space harmonic interacting with the 
electron beam in this case is constituted by the sum of 
three travelling waves. 

621.385.029.6 : 621.316.726 : 621.396.96 3256 
Klystron Control System.-Reeves. (See 3068.) 

621.385.029.6 : 621.396.822 3257 
A Dip in the Minimum Noise Figure of Beam-

Type Microwave Amplifiers.-P. K. Tien. (Proc. 
Inst. Radio Engrs, July 1956, Vol. 44, No. 7, p. 938.) 
A detailed computation has been made of the fluctuations 
of electron current and velocity at the potential minimum 
of a particular valve. The results indicate that the 
velocity fluctuation is not smoothed and the fluctuations 
of current and velocity are not correlated. A physical 
explanation is given of the resulting shape of the cumu-
lative autocorrelation curve. The minimum noise figure 
for a typical travelling-wave valve as calculated from 
this autocorrelation curve shows a dip at about 2-5 kMc/s 
and a peak at about 4 kMc/s. 

621.385.029.6.032.21: 536.52 3258 
A New Method for the Measurement of Rapid 

Fluctuations of Temperature.-R. Dehn. (Brit. J. 
appl. Phys., April 1956, Vol. 7, No. 4, pp. 144-148.) 
Instantaneous changes in cathode surface temperature 
in an oscillating magnetron are displayed and measured 
as pulses on a c.r.o. screen by means of an infrared-image 
converter and photomultiplier. The instrument is 
calibrated against an optical pyrometer; changes of 2°C 
at 900°C have been detected. 

621.385.032.21 : 537.58 3259 
Thermionic Emission Properties of Thin Films 

of Thorium Oxide and Thorium on Metallic Bases. 
-A. R. Shul'man & A. P. Rumyantsev. (Zh. tekh. Fiz., 
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Oct. 1955, Vol. 25, No. 11, pp. 1898-1909.) Report on 
an experimental investigation of thin films of ThOs and 
Th deposited on Mo and Pt bases. The deposition of the 
films is described in detail and a large number of experi-
mental curves are given. The results are discussed and 
various suggestions regarding the mechanism of 
thermionic emission are made. 

621.385.032.216 3260 
Radioactive Isotope Study of the Dissociation of 

Barium Oxide under Electron Bombardment.-ti 
Yoshida, N. Shibata, Y. Igarashi & H. Arata. (J. appl. 
Phys., May 1956, Vol. 27, No. 5, pp. 497-500.) Measure-
ments are reported of the rate of evolution of Ba; the 
number of Ba atoms produced per bombarding electron 
is plotted as a function of bombarding-electron voltage 
and of oxide temperature. The results are qualitatively 
similar to those for Sr0 (J. phys. Soc. Japan, July/Aug. 
1954, Vol. 9, No. 4, pp. 640-641) ; discussion indicates 
that they can be reconciled with those of Leverton & 
Shepherd (3601 of 1952). 

621.385.132 : 681.142 3261 
Binary Adder uses Gas-Discharge Triode.-F. B. 

Maynard. (Electronics, June 1956, Vol. 29, No. 6, pp. 
196..202.) The elementary triode cell has a large-area 
cathode and closely overlaid anode element of fine wire. 
A probe element in the upper part of the cathode glow, 
common to a number of cells, acquires a positive charge. 
The voltage excursion at the probe can be as much as 
30 V without causing a discharge in cells other than that 
actuated. Experimental valves with a matrix of 30 of 
these cells have been tested. 

621.385.5.032.24 : 621.374.3 3262 
A New High-Slope Multigrid Valve and its 

Application in Pulse and Switching Circuits.-K. 
Gosslau & W. Guber. (Frequenz, March 1956, Vol. 10, 
No. 3, pp. 83-89.) An experimental heptode Type-V108 
with three frame grids had slopes of 13 and 7-5 mA/V 
respectively at the two control grids, high pulse current 
intensity, and adequate loading capacity at the first 
screen grid. A pulse distributor using this valve is 
described. 

621.385.832 : 621.397.621 : 535.623 3263 
Television Receiver uses One-Gun Color C.R.T.-

(See 3232.) 

MISCELLANEOUS 

061.6 : 621.396 3264 
International Cooperation in Radio Research-

U.R.S.I. and I.R.E.-J. H. Dellinger. (Proc. Inst. 
Radio Engrs, July 1956, Vol. 44, No. 7, pp. 866-872.) 
The internal structure of the International Scientific 
Radio Union is described, and its relations with the 
C.C.I.R. and the I.R.E. are explained. 

621.3 : 537 3265 
Advances in Electronics and Electron Physics, 

Vol. VII. [Book Review]-L. Marton (Ed.). Publishers: 
Academic Press, New York, 1956, 503 pp., $11.50. 
(Proc. Inst. Radio Engrs, June 1956, Vol. 44, No. 6, 
Part 1, pp. 828-829.) Review articles are presented on 
the physics of semiconductor materials, theory of electri-
cal properties of Ge and Si, energy losses of electrons in 
solids, sputtering by ion bombardment, observational 
radio astronomy, analogue computers, and electrical 
discharge in gases and modern electronics. 
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HEAVY CURRENT, 

LOW VOLTAGE, 

FUSE-LINKS 

for use on D.C. supplies in 
AIRCRAFT, RECTIFIER EQUIPMENT, 

BATTERY DRIVEN VEHICLES, 

BATTERY CHARGING PLANT, &c. 

AIRFUSE 
L. 1330 

CONSTRUCTION: 
The fusible element is of electro-tinned 
copper and is in one piece with end con-
nections which are suitably shaped for 
direct bolting to bus-bars, etc. The body 
is of high grade ceramic and is fitted with a 
glass window so that the fusible part of the 
element is visible. The rating is stamped 
on the lugs and is also printed on the glass. 

SPECIFICATION: 
The fuselink is to be capable of breaking 
currents of up to 3,000 amperes at 30V d.c. 
(2,500 amperes at 30V. d.c. for the 35A and 
50A ratings) without shattering. The 
arcing time shall not exceed 0.003 seconds 
at 3,000 amperes. 
The fuse is intended as a direct replace-

ment for the American "Current Limiter" 
used on 28V. d.c. aircraft power supplies, 
and for this purpose has received the 
approval of the Air Registration Board 
under their reference No. E.3217. 

It is also suitable for the protection of 
battery operated vehicles, heavy current 
rectifier output circuits, low voltage 
furnaces and other similar d.c. applications. 

RATINGS: 
35A, 50A, 80A, 100A, 130A, 150A, 200A, 

225A, 275A, 325A and 500A. 

H.R.C. CERAMIC BODIED FUSE-LINKS 

The high rupturing capacity fuse-links comply with the require-
ments of R.C.S. 261 and B.S. 88 — made in two sizes, and a 

range of seven ratings in each size, as follows:— 

L.693. II" x i". Ratings: 0.25, 0.5, 1, 2, 3, 5 & 7A. 
Category of duty: B.S. 88, a.c.4. 440V. a.c. at 55 C. 
It is expected that their d.c. category of duty will comply with 

B.S. 88, d.c.4. 230V. 
L.754. r x 3 16". Ratings : 0.025, 0.050, 0.100, 0.250, 0.503, I & 2A. 
Category of duty: B.S. 88, a.c.2. & d.c.2., 250V a.c. and 230V. 

d.c. at 55°C. 

Also available but not to the above specifications: 

L.760. II" x I" Ceramic. unfilled, designed to blow within 10 secs. 

on 100% overload. 

BELLING cp LEE LTD 
GREAT CAMBRIDGE ROAD. ENFIELD, MIDDX., ENGLAND 

Telephone: Enfield 3322 • Telegrams: Radiobel, Enfield 
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MULTI-RATIO TRANSFORMERS 

P.. ]3 c W 

for ri b b er 
P. B. COW & COMPANY LTD. RUBBER MANUFACTURING SPECIALISTS FOR EVERY 

INDUSTRY. INDUSTRIAL DIVISION, 470 STREATHAM HIGH ROAD, 
LONDON, S.W.I6. PHONE: POLLARDS 4481. 

For Transistor Circuits 

POWERMASTER 
Overall Pri.- Sec. ratio: 45 : 1 

(with split centre at taps) 

RATIOS 

( • push-pull ) 

8' 
9 

11 
15 
20 

TYPE 

PM-IA 

primary 
inductance 

P.E R. 
primary 
d.c. 0 

secondary 
d.c. il 

4H at 1.25mA 70 kohms 14 4 

PM-IB 1.4H at 5.0mA 38 kohms 14 4 

Overall Dimensions: 1.625 x 1.375 x 1.25 ins. 
Price each 30,1- post free 

MATCH MASTER 
Ratios: as above but without split at centre taps 

TYPE 
primary 

inductance 
P.E.R.rimary 

• d.c. û 
secondary 

d.c. S2 

MM-1A 

MM-16 

I5H at 0.4mA 170 kohms 350 150 

5H at 2.0mA 92 kohms 350 150 

Overall Dimensions: 0.75 x 0.625 x 0.75 ins. 
Price each 251- post free 

COMPONENT DIVISION 
FORTIPHONE LIMITED 

92, MIDDLESEX STREET, LONDON, El 

Quartz Crystals of any shape and size cut and ground 
precisely to specification and coated, if required, with 

Gold, Silver, Aluminium, etc. 

UD 
BROOKES 

Brookes Crystals Ltd. 
Suppliers to Ministry of Supply. Home Office. B.B.C., etc. 

181/3 TRAFALGAR ROAD. LONDON, S.E.I0 

Phone: GREenwich 1828 Grams: Xtals, Green, London 
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Introducing 

Available 
for the 

first 
time 

A complete range of 

TRANSISTORS 

—for Test, 

Circuitry and 

Development Use 

155 CHARING 

The New Metal-Clad 
-Top Hat" 
TRANSISTORS 

* I Iermetically sealed, welded metal-to-metal container insures 

against moisture penetration even in high humidity 

at high ambient temperatures. 

* Revolutionary new all-metal construction, compared with 

moulded type, gives far greater heat dissipation. 

* complete range of basic samples with mean average 

characteristics is available, as single or matched pairs, 

for Design Engineers, Set Makers and Engineers concerned 

with development work on industrial electronic equipment. 

Type 

XA101 

XA102 

XB102 

XB103 

XC 100 Series 

Application 

I.F. Amplifier 

Frequency Changer/Oscillator (for 
frequencies up to 7 Mc/s) 

Intermediate L.F. Stage 

Intermediate•L.F. Stage 

Output Stage, including matched pairs 
for push-pull 

Send for range of Basic Samples and 

Technical Data 

EDISWAN 
MAZDA 

SIEMENS-EDISWAN LIMITED 
(Member of the A.E.I. Group of Companies) 

RADIO DIVISION 

CROSS ROAD, LONDON, W.C.2 
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Opportunities for advancement 

to positions of authority 

and responsibility are occurring on the Technical Staffs of 
Siemens Brothers and of Edison Swan Electric Co. which are 
members of the A.E.I. Group of Companies, and are being 
re-organised with a view to expanding the volume and range of 
their products. There are vacancies for :— 

CABLE ENGINEERS with experience of Overhead Line and 
Joint Box equipments, and Oil Filled Cable techniques. 

EXCHANGE SWITCHING ENGINEERS for adding new facilities to 
present systems and for work on future electronic systems. 

CIRCUIT AND DEVELOPMENT ENGINEERS for design and 
development of latest types of transmission and electronic 
control systems, including miniaturisation and transistor appli-
cations, television and colour television apparatus. 

CATHODE RAY TUBE ENGINEERS for development work on black 
and white or colour tubes. Previous experience in this field 
is essential. 

TEST GEAR ENGINEERS for development of test gear for cathode 
ray tubes, valves and transistors. 

TRANSISTOR CIRCUIT ENGINEERS for development of circuitry 
around transistors. 

THERMIONIC VALVE ENGINEERS for development and production 
engineering of broadcast and special valves. 

MECHANICAL ENGINEERS for development of devices for the 
mechanisation and control of valves and cathode ray tube 
manufacturing processes. 

PHYSICISTS for laboratory work on thermionics, high vacua, 
solid state physics and phosphors. 

METALLURGISTS for laboratory work on the materials used 
in the construction of cathode ray tubes, valves, transistors and 
electronic devices. 

CONTRACT ENGINEERS for important customer contracts and 
preparation of manufacturing information in all fields of the 
Company's activities. 

SENIOR MARINE RADIO ENGINEER to take charge of long term 
development programme in Marine communication. 

LIGHTING ENGINEER in London for Liaison work with the 
provincial offices. 

LIGHTING ENGINEER to advise customers and draft proposals 
for street and internal lighting installations. 

SENIOR DESIGN AND DETAIL DRAUGHTSMEN for all the above 
classes of work 

PRODUCTION CONTROL AND METHODS INVESTIGATION ENGINEERS 

ASSISTANT ENGINEERS AND LABORATORY TECHNICIANS 

The Cable, Telecommunication and Electronic Industries in 
which the Companies are principally engaged, employ advanced 
techniques of high voltage, electronic and semi-conductor 
engineering. As the Main Works are in London the technical 
staff can participate in the activities of the professional insti-
tutions and attend a wide range of lectures and courses. There 
is a liberal pension scheme in operation, and assistance with 
house purchase, if required, will be available to successful 
candidates. 

Applicants with any of the following qualifications will be 
considered :— 

(i) Degree in Physics or Electrical Engineering with some 
previous industrial experience. 

(ii) Recent and prospective Science Graduates. 

(iii) H.N.C. Electrical or Telecom Engineering or A.M.I.E.E. 
(iv) O.N.C. or equivalent City and Guilds Certificates with 

practical industrial experience. 
(v) Good manufacturing, installation or maintenance experi-

ence with some technical background. 

Write stating the nature of the work in which yoa are intereste 1, 
giving full particulars of training, qualilcations and experience, 
to the Technical Director (Group E), Siemens Brothers & Co. 
Limited, Woolwich, S.E.I8, or to the Director of Engineering 
(Group E), Edison Swan Electric Co. Ltd., Brimsdown, Middx. 

MINE,R  E D I SWAN 

SIEMENS BROTHERS & CO. LIMITED 
EDISON SWAN ELECTRIC CO. LIMITED 

1)9 

eletme4 
REGD. TRADE MARK 

"PERMATIP" 

"PERAÏDABIT" 
INSTRUMENTS 

FOR 

GREATER 
SOLDERING 

EFFICIENCY 

The soldering bit which maintains its face indefinitely without 
attention. LS models available for mains or low voltage supply. 
Bit sites 3/2 to 3/8 inch. Full details in booklet S.P.I7 from sole 
manufacturers:— 

LIGHT SOLDERING DEVELOPMENTS LTD. 
106 GEORGE ST., CROYDON, SURREY 

5jlljlllllri,IuljIII IlilluuruiiulI 1111 

Telephone : CROydon 8589 

11111111111111111111111111 1111 111,11 11 .1 

DIGITAL COMPUTORS 

MAGNETIC 
MEMORY CORES 

of metallic and ferrite materials, in 

very small sizes, are wound to order 

with extremely fine gauges of wire by 

Fortiphone Limited, who have special 

experience in this field. 

Complete printed-circuit or potted 

"brick" assemblies can be made up 

to your requirements, either as plug-in 

or wired-in units, in sub-miniature 

form with either valve or transistor 

circuitry. 

COMPONENT DIVISION 

1111111111,,,11. 

FORTIPHONE LIMITED 
2, MIDDLESEX STREET, LONDON, E.1. 
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    A special dual-cone design 
distinguishes Philips high fidel-
ity speakers, resulting in energy 

       transmissions that are almost 
       independent of frequency. 
   This ensures that, in an ordin-
      ary room, sound pressure 

       rot a toiler   within an angle of 90 degrees 
    does not vary by more than 

six decibels; while the excellent spatial distribution 
acoustic energy — even at the highest frequencies smooth response curve      of is obtained by Philips choice of coupling factor 

     between high-range and low-range cones. 

The small cone acts as a high note radiator for 
frequencies above 10,000 cycles and also as a diffuser 
for frequencies below 10,000 cycles from the large 

cone. The large cone itself acts as a low note 
radiator below 10,000 cycles, and as a 
reflector for the high notes above this 
frequency. The distribution of sound over 
the entire frequency range is thus much 
wider than on a normal loudspeaker. 
These loudspeakers have a very smooth 
response curve combined with a low resonance 
frequency. 

The Philips dual-cone loudspeaker comes 
in two sizes: 8" and 12, price 64 gns. (tax 
paid) and 10 gns. respectively. There is 
also a single-cone loudspeaker, available 
in the same two sizes: price £6.2s.6d. (tax 
paid) and £10.0s.0d. respectively. 

Any of these speakers may be used on their own or with 
" "' another suitable loudspeaker using a crossover unit. 

For full details write to: 

You need a PHILIPS   

dual-cone  
lik loudspeaker  

41111k 
11E7 
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PHILIPS ELECTRICAL LTD 
Musical Equipment Department • Century House • Shaftesbury Avenue • London • W.C.2. 
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A BBC Training Manual By S. W. Amos, B.Sc. (Hons.), 

A.M.I.E.E. and D. C. Birkinshaw, M.B.E., M.A., M.I.E.E. 

TELEVISION ENGINEERING 

Second volume of a comprehensive 

work . . . NOW READY 

Principles and Practice 
Vol. II: Video-Frequency Amplification 

Here is the second volume of a series of four which will form the most 

comprehensive survey ever compiled of modern television principles 

and practice. Originally written for instruction of the B.B.C.'s own 

operating and maintenance staff, this volume describes the funda-

mental principles of video-frequency amplifiers, and examines the 

factors which limit their performance at the extreme of the passbands. 

A wide variety of circuits is described and particular attention is paid 

to the use of the feedback. There is also a section dealing with the 

special problems of camera-head amplifiers. 

Self-contained mathematical derivations are included at the ends of 

chapters. 

84" y 51" 272pp. Illustrated Published for "Wireless World" 
35s. net a Y POST 36s. 2d. 

Obtainable from booksellers or direct from Iliffe & Sons Limited, Dorset House, Stamford Street, London, S.E.I 
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Electronic Engineers are required by the Equipment Engineering 

Department of Westinghouse Brake & Signal Co. Ltd. at 

Chippenham, Wiltshire, to take part in the development and 

subsequent engineering design for production of new control 

systems, employing electronic techniques, for traffic control on 

British and Overseas railways. The score of the work will 

range from practical experimental work to the issue of design 

instructions on which will be based manufacturing drawings, 

together with the compilation of manufacturing specifications 

and descriptive pamphlets. In addition, co-operation will be 

required with Production Engineers during manufacture of 

first-off equipments in the Company's Chippenham Works. 

Positions are available for University graduates with a good 

Telecommunication Degree in Electrical Engineering. Some 

experience with transistor techniques is required, together with 

experience of line communication systems employing audio and 

carrier frequencies. A knowledge of computing techniques 

would also be an advantage but is not essential. 

The salaries will be determined by age, qualifications and 

experience; the Company operates a pension scheme and a 

five-day week. 

For further information, write, giving age and full particulars, 

to Personnel Superintendent, Westinghouse Brake & Signal Co. 

Ltd., Chippenham, Wilts, quoting reference No. EQUIP/N/Q. 

A Government Department in North Bucks has 

a vacancy for a Scientific Officer for Development 

Work. Candidates should have a Degree in Electronic 

Engineering or Physics, and some experience in the 

design of Electronic and Communication equipment. 

Salary range £565-£995. 

Write giving age, qualification and experience to: 

Chief Establishment Officer, 

Hanslope Park, Hanslope, Wolverton, Bucks. 

SHORT-WAVE RADIO 
& THE IONOSPHERE 

By T. W. BENNINGTON, Engineering Division, B.B.C. 

Long-distance communication by means of short waves is 
dependent on the state of ionosphere, which changes during 
the day and at different seasons of the year. This book 
explains simply the reasons for these changes and shows 
how they influence the choice of wavelength for signalling 
between different points of the earth'v surface. Published 
for the "Wireless World". 
84-x 51- 138 pp. 2nd Edition 10s. 6d. net By post I Is. 2d. 

Obtainable at all booksellers or by post from 

The Publishing Dept., Iliffe & Sons Ltd. 
Dorset House, Stamford Street, London, S.E.I 

TRANSFORMERS 
FOR 

PUSH-PULL TRANSISTOR AMPLIFIERS 

These transformers are suitable for use with the 
200 mW all-transistor amplifier circuit developed by 
Mullard Limited and are used where miniaturization 
is of prime importance. 

A203 (Driver: 0071 to two 0072's) 
Ratio: 2 : 1+1 (centre-tapped) 
Primary Inductance: 10 H at 1.6 mA (1000 c.p.s.) 
Resistances: Pri. 175n, sec. 225n 

A204 (Output: two 0072's to 3n load) 
Ratio: 4+4 : 1 (centre-tapped primary) 
Primary Inductance: 440 mH at OmA (1000 c.p.s.) 
Resistances: Pri. 6.5S3 (per ¡), Sec. 0.5û 

A267 (Push Pull coupling from two 0072's to two 
large Power Transistors: Details on 
Application) 

Prices: each (Post Free): A203 15/-; A204, 267 I 5/6d. 
LARGER VERSIONS OF THE ABOVE ARE ALSO AVAILABLE 

COMPONENT DIVISION 

FORTIPHONE LIMITED 
92, MIDDLESEX STREET, LONDON, E.1. 

E 
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ENGINEER, BROADCASTING DEPT. 

FEDERATION OF MALAYA 

Duties include the supervision of the installation, 
operation and maintenance of broadcasting studios 
recording channels and medium power short and 
medium power transmitters. 

Appointment on contract for three years in the 
first instance in the salary range £1,145-£2,119 p.a., 
point of entry depending on experience and Forces 
service plus an expatriation allowance for married 
candidates varying between £91 and £259 p.a. Sub-
stantial variable cost of living allowance also payable. 
Gratuity at the rate of £58-£81 payable for every 
three months' satisfactory service. Government 
quarters provided, if available, at low rentals. Free 

passages for officer, wife and up to three children 
under 10 years of age. Free medical attention. 
Leave 45 days for each year of residential service. 

Candidates should be between 23 and 35 years of 
age and must have passed, or be exempt from, the 
examination for A.M.I.E.E. Should also have had 
at least two years' experience with a broadcasting 
organization or with a commercial firm manufacturing 
allied equipment. 

Apply in writing to the Director of Recruitment, 
Colonial Office, Great Smith Street, London, S.W.1, 
giving briefly age, qualifications and experience and 
quoting BCD96/23/02. 
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DE HAVILLAND CAREER OPPORTUNITIES 
GUIDED WEAPONS 

There are numerous advantages to be gained in joining one of the enthusiastic teams 
engaged in advanced super priority fields of research, design and development. 

Applications are invited towards confidential interviews for the following appointments:— 

ELECTRONIC ENGINEER to head a section being 
formed to cover technical liaison and servicing of 
guided weapon test equipment. Training will be 
given, but industrial or Service experience is needed. 
Ref. 41G. 

ELECTRONIC ENGINEER for a newly-formed 
Reliability Section concerned with breakdown of 
defect information assessing from all stages of manu-
facture and use, recording, auditing and final 
assessment. Ref. 42G. 

TELEMETRY DEVELOPMENT ENGINEER for 
design and development of equipment. Preferably 
with degree in engineering or physics, but at least 
H.N.C. and four years' experience in this or related 
fields. Ref. 44G. 

TELEMETRY ENGINEER for practical work with 
minimum of direction. An opportunity for recently 
graduated engineer to gain valuable experience of 
techniques prior to promotion. Experienced appli-
cants without academic qualifications also invited. 
Ref. 45G. 

TELEMETRY APPLICATIONS ENGINEER for 
selection and testing of units for specified functions. 
At least two years' experience, practical interest in 
electro mechanical apparatus and considerable 
initiative. Ref. 46G. 

TECHNICAL ILLUSTRATOR for Technical Pub-
lications Department, able to read engineering 
drawings and produce line illustrations of all 
descriptions. Ref. 53G. 

TECHNICAL AUTHOR, Electronic, for preparation 
of descriptive and instructional literature. Ability to 
read engineering drawings essential, knowledge of 
methods of print production and associated processes 
an advantage. Ref. 55G. 

ELECTRONIC ENGINEER for research design and 
some development work on part of a guided weapon 
system. A responsible post for a man of initiative, 
preferably of degree standard and with at least two 
years' experience. Ref. 57G. 

ASSISTANT ENGINEER to work with well-qualified 
engineers engaged on guided weapon system design. 
Knowledge of electronics or mechanical engineering 
required. Good promotion prospects. Ref. 58G. 

Applications, quoting reference of post in 
qualifications, experience and age should be addressed to:— 

PERSONNEL MANAGER 

DE HAVILLAND PROPELLERS LIMITED 

HATFIELD • HERTS 

LABORATORY ASSISTANT for guided weapon 
systems research and development. Some electronic 
experience needed. Improvement of theoretical and 
practical knowledge will be encouraged. Ref. 59G. 

WIREMAN to produce .finished model from sketches 
and verbal instructions, requiring some design and 
testing knowledge. Excellent prospects. Ref. 60G. 

ENGINEER fully conversant with construction and 
wiring of subminiature electronic equipment. Machine 
tool operating experience an advantage. Interesting 
and progressive work. Ref. 61G. 

ELECTRONIC ENGINEER to lead a small team 
engaged in design and prototype construction of low 
frequency, low noise, high gain amplifiers and 
associated measuring equipment. Will also be con-
cerned with problems related to instrumentation of 
high altitude aircraft and other projects. Applicants 
must be physically fit and willing to take part in flight 
and ground trials. Ref. 63G. 

LABORATORY TECHNICIAN for wiring and 
testing electronic equipment in close co-operation 
with the designer. An excellent background for a 
young man studying for H.N.C. electrical or 
equivalent with skill in wiring and laying out 
miniature assemblies. Must be fit for field trials and 
interested in problems of installation and operation in 
aircraft. Ref. 64G. 

METALLURGICAL LABORATORY ASSISTANT 
with some industrial experience. School Certificate 
standard in science subjects. Ref. 65G. 

RADIOGRAPHER for metallurgical laboratory with 
some experience in this field and suitable academic 
qualification. Ref. 66G. 

TECHNICAL ENGINEER to be responsible for 
technical education of trials team and organization of 
information service within operation group. Ref. 69G. 

TECHNICAL ASSISTANT for development of 
missile and aircraft power supplies. H.N.C. and 
ability to conduct tests with minimum supervision. 
Ref. 73G. 

SERVO ENGINEER able to offer degree and/or 
good practical experience of hydraulic, pneumatic 
and electrical servo systems. Informal interviews in 
London available if preferred. Ref. 75G. 

which interested and giving brief details of 
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Plessey Nucleonics Ltd. have a vacancy for a Senior Electronic 

Engineer with experience in the design of pulse circuits, and an 

interest in the application of electronics to nuclear problems. 

The successful applicant will be expected to carry out original 

design on a variety of interesting problems and be able to 

operate with a minimum of supervision. An attractive salary is 

contemplated, dependent upon qualifications and experience, 

which should be a degree in physics or electrical engineering, 

plus two or three years' experience in a similar field. Please 

write stating full details to Plessey Nucleonics Ltd., Weedon 

Road, Northampton, quoting reference P.N.7. 

Wireless Operator Mechanic required by Falkland Islands 

Dependencies Survey at Port Stanley for one tour of three years 

in first instance. Salary according to age in scale (including 

t xpatriation pay) £400 rising to £500 a year. Gratuity £70 a 

year. Candidates, preferably with P.M.G. 2nd Class Cert., 

must be Single and between 20 and 35 years of age. They must 

be able to transmit and receive morse at 20 words a minute 

(plain language or code) and be capable elementary maintenance 

wireless transmitting and receiving equipment. Write to the 

Crown Agents, 4 Millbank, London, S.W.I. State age, name 

in block letters, full qualifications and experience and quote 

M2C/41937/Wj. 

Inspector of Workshops required for Broadcasting Department. 

Gold Coast Local Civil Service, for one tour of 18-24 months in 

first instance. Consolidated salary scale £1,019 rising to £1,259 

a year with gratuity at rate £100/£150 a year. Outfit allowance 

£60. Free passages. Liberal leave on full salary. Candidates 

must have up-to-date knowledge broadcasting equipment. 

Should have at least ten years' experience workshops practice 

in radio, including five years in large broadcasting organization, 

preferably B.B.C., or five years in large manufacturing firm in 

radio industry. • Write to the Crown Agents, 4 Millbank, 

London, S.W.I. State age, name in block letters, full qualifica-

tions and experience and quote M2C/41020/W.I. 

CYCLOTRON ENGINEER 

Electrical Engineer required to work in a team on development 

of Medical Research Council's Cyclotron as it comes into 

operation as a tool of medical research. Immediate programme 

includes design of targets and remote control equipment for 

production of isotopes. Good opportunity for gaining experience 

in electro-mechanical and vacuum engineering with excellent 

future prospects. The appointment will be to Grade IV Scientific 

Staff' at £500-£690 p.a. Applications to Senior Cyclotron 

Engineer, Radiotherapeutic Research Unit, Hammersmith 

Hospital, Ducane Road, W.12. 

A vacancy exists for one Senior Design Draughtsman possessing 

several years' experience in the design of electronic equipment 

This post offers considerable scope for interesting and original 

work with the opportunity of advancement.in a new expanding 

unit. Applicants should have had at least three years' experience 

in a similar capacity and possess H.N.C. Electrical or equivalent. 

Please write, giving details of age, qualifications and experience. 

to Plessey Nucleonics Ltd., Weedon Road, Northampton, 

quoting reference P.N.8. 

ELECTRONIC ENGINEERS 

For those who prefer the working conditions of a small but 

progressive firm, where good results bring credit and opportunit) 

for rapid promotion, there are vacancies needing young and 

enthusiastic electronic engineers in the early stages of training. 

The work affords valuable experience in high grade instrument 

development, design, testing and servicing in the congenial 

atmosphere of a good team of project leaders. Covering a wide 

field of application in research and industry it is interesting and 

varied. 

Apply with full details of experience to NAGARD LTD.. 

18 Avenue Road, Belmont, Surrey. 

Chief Technician required by Posts and Telegraph3 Department. 
Nigeria Federal Government, for one tour of 12 to 24 months in 
first instance either (a) with prospect of permanency, salary scale 

(including Inducement Addition) £1,014 rising to £1,284 a year. 
or (b) on temporary terms, salary scale (including Inducement 
Addition) £1,170 rising to £1,488 a year with gratuity at rate of 

£150 a year. Outfit allowance £60. Free passages for officer 
and wife. Assistance towards children's passages and grant up 

to £150 annually towards maintenance in U.K. Liberal leave 
on full salary. Candidates must have had wide practical experi-
ence of modern radio technique and equipment, in particular 
V.H.F. equipment, and preferably also V.H.F. multichannel 
equipment. Write to the Crown Agents, 4 Millbank, London. 

S.W.I. State age, name in block letters, full qualifications and 
experience and quote M2C/41905/W.I. 

Radio Engineer required by Trinidad Government Wirele, 

Branch, Works and Hydraulics Department for two years in 

first instance. Salary scale (including present temporary allow-

ance of £30) equivalent to £780 rising to £1,250 a year. 

Commencing salary according to qualifications and experience. 

Gratuity at rate equivalent £100/£150 a year. Outfit allowance 

£60. Free passages. Liberal leave on full salary. Candidates 

should be A.M.(Brit.)I.R.E. or possess C. & G. Full Techno-

logical Certificate in Telecomms. Engineering. They should 

have had experience in Wireless Station re anagement and 

organization. Write to the Crown Agents, 4 Millbank, London, 

S.W.I. State age, name in block letters, full qualifications and 

experience and quote M2C/41953/W.I. 
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NEW RESEARCH LABORATORY 
NEW RESEARCH LABORATORY 

IMPORTANT APPOINTMENTS 
IMPORTANT APPOINTMENTS FOR ENGINEERS 

Powers-Samas Accounting Machines Ltd. (one of the Vickers 
Group of Companies) is expanding the resources of its Research 
Division for the development of electronic data processing 
equipment, punched-card machines and allied devices. A new 
Research Laboratory is under construction at Caterham, Surrey 
—and until its completion the staff appointed will work at 
existing establishments in Croydon and Crayford, Kent. 
The appointments offered provide scope for both senior and 

junior staff. Salaries will be competitive and in accordance with 
qualifications and experience. Applications are invited from:-

1. Honours graduates in physics or engineering for a wide 
range of research and development work on electronic 
computors and associated equipment. 

2. Engineers with Higher National Certificate for develop-
ment and design work on electronic computors and 
associated equipment. 

3. Juniors possessing evidence of the necessary scholastic 
and technical ability who wish to continue with studies 
for higher qualifications. 

Applications, with det_ils of previous experience and qualifica-
tions, should be sent to The Personnel Manager, Powers-Samas 
Accounting Machines Ltd., Croydon. 

BRITISH THOMSON-HOUSTON CO. LTD. 

Vacancies exist in the Company's Research 

Laboratory at Rugby for physicists or electrical 

engineers with degrees or Higher National Certificate 

for work on the development of transistors and other 

semiconductor devices. 

Applicants are invited to write to the Director of 

Research, British Thomson-Houston Co., Ltd.. 

Rugby, giving details of their age, qualifications and 

experience, quoting reference HGR. 

COLLEGE OF TECHNOLOGY, BIRMINGHAM 

DEPARTMENT OF PHYSICS 

Applications are invited for the following posts:— 

LECTURER in Physics; 

RESEARCH ASSISTANTS in Physics or Electronics. 

Applicants should have a good Honours Degree. 
Salary will be in accordance with the Burnham (Further Educa-
tion) Scale as follows:— 

Lecturers (Men): £1,200 x £30—£1,350. 

(Women): £960 x £24—£1,080 (plus equal pay incre-
ment). 

Research Assistants—Basic Salary 

(Men): £600. 

(Women): £530 (plus equal pay increment). 
With increments for approved training and industrial 

or teaching experience. 

Further particulars and forms of application may be obtained 
from the Registrar. College of Technology, Suffolk Street, 
Birmingham, I. on receipt of stamped addressed foolscap 
envelope. Closing date—two weeks after the appearance of 
t his advertisement. 

K. R. PILLING, 
Clerk to the Governing Body. 

Powers-Samas Accotinting Machines Ltd. (one of the Vickers 
Group of Companies) is expanding the resources of its Research 
Division for the development of electronic data processing 
equipment, punched-card machines and allied devices. A new 
Research Laboratory is under construction at Caterham, Surrey 
—and until its completion the staff appointed will work at 
existing establishments in Croydon and Crayford, Kent. 

Appointments, which will be at competitive salaries, and in 
accordance with qualifications and experience, are offered to:-

1. Engineers with graduate or equivalent qualifications for 
research and development work on small complex 
mechanisms associated with punched card accounting 
systems. 

2. Engineers with a sound technical background and ability 
to analyse complex mechanisms and to effect practical 
and economic improvement. 

Applications, with details of experience and qualifications, 
should be sent to The Personnel Manager, Powers-Samas 
Accounting Machines Ltd., Croydon. 

Plessey Nucleonics Ltd. have a vacancy for a fully experienced 

Electronic Engineer to act as a project leader in the design of 

electronic equipment in the nuclear energy field. Applicants 

should have had a thorough training in electronic theory, 

preferably of degree standard, and a keen interest in pulse circuit 

analysis. As this is a new expanding unit, considerable oppor-

tunities exist for advancement and original work. A four figure 

salary is envisaged for this responsible post according to age, 

qualifications and experience. Please write giving full details, 

in confidence, to The Chief Engineer, Plessey Nucleonics Ltd., 

Weedon Road, Northampton, quoting reference P.N.A.9. 

TELEPHONE MANUFACTURING CO. LTD., 

Sevenoaks Way, St. Mary Cray, Kent, 

requires 

ENGINEERS 

for 

Development Laboratories. 

At this Works the Company is engaged on the 

design, development and manufacture of Telecom-

munications Line Transmission Equipment, including 

multi-channel carrier and associated apparatus. 

Minimum qualifications a Degree or H.N.C. 

Starting salaries according to age, qualifications and 

experience. Engineers interested in these vacancies 

should write to the Personnel Manage:, giving full 

details, age, training, experience and salary required. 
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TECHNICAL BOOKS 
A large selection of books on Radio and Electronics 
and all branches of Electrical Engineering always 
in stock. Catalogues available. Please state 

interests. 

SCIENTIFIC AND TECHNICAL 
LENDING LIBRARY 

Annual Subscription from LI 17s. 6d. 

H. K. LEWIS & Co. Ltd. 
136 Gower Street, London, W.C.1 

Telephone : EUSton 4282 (7 lines) 

Business hours :-9 a.m. to 5.30 p.m. Saturdays to I pan 

•  • 

100 bays of brand new adjustable STEEL SHELVING, 
72" high x 3e wide x 12 deep, stove enamelled bronze 
green. Sent knocked down, 6-shelf bay—£3 I5s. Od. 
Sample delivered free. 

N. C. BROWN LTD., EAGLE STEELWORKS, 
HEYWOOD, LANCS. Telephone 69018. 

e 

Electronic Engineer required to assist in the development or a 
wide range of special Measuring Equipment for use in the 
production Telephone Line Transmission Components and 
Equipment. Amia!e opportunity to broaden experience and 
develop personal initiative. Reasonable qualifications ex-
pected for a pensionable post offering progressive possibilities. 
Write Personnel Manager, Telephone Manufacturing Co. Ltd., 
Sevenoaks Works, St. Mary Cray, Kent. 

111111111 111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111011111111111111111 1111111 

É THE WORLD'S GREATEST BOOKSHOP E 

ES 
• FOR_ BOOK_ S 

New and secondhand Books on every subject. Large 
Technical dept. Stock of over three million volumes. 

119-125 CHARING CROSS ROAD, LONDON, W.C.2 
Gerrard 5660 (16 lines) * Open 9-6 (inc. Sat.) 

Index to Advertisers 
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THE STANDARD TELECOMMUNICATION 

LABORATORIES 

invite applications from suitably qualified and/or 

experienced personnel for interesting and pro-

gressive positions in the following fields: 

Microwave communication systems 

Antennae and millimetre waves 

Digital circuit techniques 

Pulse code modulation 

Transistor development and applications 
Circuit development for telecommunications and 

television 

The overall performance of communication 

systems of all types 

Some posts will offer opportunities for foreign 

travel. 

Requests for further details or for an informal 

interview should be addressed to: 

Mr. P. J. Rogers, Personnel Manager, 

Standard Telecommunication Laboratories 

Limited, 

Progress Way, Great Cambridge Rd., Enfield, 

Middlesex. 

ELGAR SILVER PRODUCTS 

Full range of silver preparations for silvered condenser manu-

factures and other applications in electronics. 

Elgar Laboratories (Elgar Trading Ltd.), 240 High Street, 

London, N.W.I0. 

General Electric Co., Ltd., The 7 

Igranic Electric Co., Ltd  14 
Iliffe & Sons, Ltd  14, 23, 24 

Lewis, H. K. & Co., Ltd 28 

Cinema Television, Ltd  Light Soldering Developments, Ltd.  22 4 
Cow, P. B. & Co., Ltd 20 Lumalampan AB  3 

Lyons, Claude, Ltd  1 

Edison Swan Electiic Co., Ltd 21 
Elgar Trading, Ltd   28 Microcell, Ltd 13 
English Electric Valve Co., Ltd 16 Mullard, Ltd 18 

28 

Write for DATA SHEETS 
to Dept. A.3, ANDERTON 
SPRINGS LTD., BINGLEY 

Telephone: 2388, 2351 & 2226 
Telegrams: Circlips, Bingley 

AID., A.R.B.. 1.F.V. approved 
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Printed in Great Britain for the Publishers, !litre & Sons, Ltd., Dorset House, Stamford Street, London, S.E.I 
by W. P. Griffith & Sons, Ltd., London and Bedford. 
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"PICOPACK" 
ELECTROLYTICS 

This series consists of two distinct ranges : 
one for operation at temperatures up to +70 C., 
and the other up to +85 C. The entire 70 C. 
range will operate satisfactorily at temperatures 
as low as —3o C., but in the 85 C. range only 
those condensers with working voltages between 
50 v. and 350 v. are intended for operation at 
—3o C. 

These robust miniature electrolytics have 
their condenser elements hermetically sealed in 
aluminium tubes with rubber bungs (T.C.C. 
Patents Nos. 578487, 587072 and 578509), and 
are provided with wire terminations ir long. 
Capacity tolerance is —2.0"„ to +5o" 

"Picopacks" can be supplied with plastic 
insulating sleeves at small extra cost. 

\cob - /9se 

Capacity 
in 

70°C. RANGE 

20 
50 
30 
10 
25 
5 
2 
8 
2 
1 

85°C. RANGE 

50 
30 
10 
25 
100 
5 

25 
50 
8 
4 
1 
4 

2 8 

12 
12 
15 
25 
25 
50 
150 
150 
200 
350 

Peak 
1 Working 
1 Volts 

Dimensions in Inches 

Length Diameter 

II 
ig 
II 
II 
Il 
Il 
II 
Ii 
Ii 
1g 

.34 

.34 

-34 
.34 

-34 

T.C.C. 
Type 

Number 

CE75B 
CE7713 
CE7OB 
CE75C 
CE77C 
CE75D 
CE75F 
CE7OFE 
CE7OG 
CE7SL 

1R 
111, 
II 
I 31 
I Il 
1 I 
I Il 
I 31 
1 19‘ 
11 

II 

44i 
Ill 

1‘3° 

THE TELEGRAPH CONDENSER CO. LTD 

12 
15 
25 
25 
25 
50 
50 
50 
150 
200 
350 
350 
450 
450 

-6 

-6 

.6 

SCE79B 
SCE7613 
SCE70C 
SCE79C 
SCE7<CE 
SCE7OD 
SCE79DE 
SCE74DE 
SCE76FE 
SCE79G 
SCE77L 
SCE76LE 
SCE76PE 
SCE74PE 

RADIO DIVISION • NORTH ACTON • LONDON • W.3 • Tel: ACOrn 0061 
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OVER 4..oih.do Jiir-w;:i..dFICATIONS OF 

Ersin Multirnre 
Over the last 16 years, Multi-
core Solders Ltd., leading 
manufacturers of Solders and 
Accessories in the fields of 
Radio, T/V and Electronics, 
have built up their range to 
over 400 specifications. 
During those 16 years Ersin 
Multicore Solder has been 
the choice of manufacturers 
all over the world. The 5 
separate cores of flux prevent' 
breaks in the flux stream; 
there are no wasted lengths 
of solder without flux, and 
the risk of making dry joints 
through insufficient flux is 
eliminated. Savingscan often 
be made when using Ersin 
Multicore 5-core Solder, as 
an alloy of lower tin content 
can often be used with com-
plete efficiency. 

Developed in the Multicore 
Laboratories after exhaustive 
research, this alloy prevents 
absorption of copper from 
solder bits into the alloy and 
prolongs the life of bits up to 
10 times. It costs approxim-
ately £1 per cwt. less than 
standard 60/40 alloy of 
similar gauge. 

ERSIN MULTICORE SAVBIT TYPE I ALLOY 
The new Savbit Type I Alloy, 
which reduces absorption of 

copper into the alloy, pro-
longs the life of solder bits up 
to 10 times. Ersin Multicore 

5-core Solder is also supplied 
in 6 alloys and 9 gauges on 

7 lb. reels. Prices on appli-
cation. For Radio and T/V Service Engineers, Savbit 

Type 1 Alloy is supplied on I lb. reels containing approx. 
170 ft. in 18 s.w.g. 15/- each (subject). 

— 1 

Atere, 
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Savbit Type I Alloy, 
53 ft. of 18 s.w.g. or 
Ersin Mult.core S-
core Solder in the 
following specifica-
tions: 5/- each 
(subject) 

Catalogue Alloy 
W G APP. reh Ref. No. Tin Lead per carton 

CI 6014 60 ,40 14 19 feet 

CI 6018 60/40 18 , 51 feet 
CI4013 40/60 13 17 feet 
CI4016 40/60 16 36 feet 

TO MATCH THE NEEDS 

OF EVERY enLPIPRING JOF 

Available con-

taining 19 ft. of 

18 s.w.g. 60/40 

Alloy for sol- .„ 

derin3 printed 

circuits, 40 ft. 

of 22 s.w.g. 60,40 
Wound on a reel. 2/6 each 

(subject). 

I run Multicore 5-core Solder 

supplied in e% en gauges be-

ven 24 and 34 s.w.g. in 40/60 
.ind 60/40 alloys on lb. reels. 

Other gauges and alloys made 
to special order. 

Full details of a complete 
soldering process de elop-
ed by the Multicore 
Laboratories for efcient 
soldering of printed cir-
cuits, are contained in 
leaflet P.C.L. 101. It also 
includes details of Multi-
core Activated Surface 
Preservative, a protective 
coating which prevents 
oxidation during storage. 

PLUS A WIDE RANew OF ACCESSORIES 

BIB SOLDER THERMO/1r 

This simple form of pyro-

meter will measure 

temperatures of up to 

400°C. It can be used 

for solder on irons or 

in solder baths. It is 

calibrated in Fahren-

heit and Centigrade. 

£6.12.6. (subject). 

BIB W 

This sturdy little tool will 

prove invaluable to anyone 

who makes a number of 

connections in flex. It strips 

insulation without nicking 

the wire, cuts wires cleanly 

and splits plastic twin flex. 

3/6 each (subject). 

'III RECORDING TAN 

Outstandingly designed, finished and 

presented, this splicer makes accurate 

jointing of recording tape simple and 

quick. It soon saves its cost by 

affording considerable econo-

mies in recording tape. 

Price 18/6 each 

(subject) 


