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If you are designing 
electronic equipment for 

radio and television, 
navigational aids for 
shipping and aircraft, 

or controlling impulses 
for automatic devices, 
remember there are 
BICC R.F. cables for 
every application — 

guaranteed for efficiency, 

economy and long life. 
For out-of-the-ordinary 

jobs, BICC can usually 
develop specialized cables 
to meet your requirements. 
Full details of all our 

standard R.F. cables are 
contained in Publication 
No.387. We will be 
pleased to send you a 
copy on request. 

BRITISH INSULATED CALLENDER'S CABLES LIMITED 

21 Bloomsbury Street, London, W.C.I 
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Measures 
Any Impedance... 

• From 0 to 00 ohms 

• Positive or Negative 

• At Any Phase Angle 

• Over 20-cps to 20-kc Range 

The General Radio Z-Y Bridge measures impedances from short circuit 
to open circuit, at small or large phase angle. Quadrature components, 

R & X or G & B, are measured directly at calibrated 100 c, 1-kc, and 10-kc 
bridge positions. Basic accuracy is I% over most of this range. 
The ability to measure impedances of any magnitude accurately with one 

instrument is an extremely valuable asset in many measurement situations. 
The Z-Y Bridge can be used for measuring conductivity of liquids, in dielec-

tric cells as readily as it can be used for R-L-C component measurements in 
the laboratory or production-test department. It will measure open-circuit 

and short-circuit transformer parameters . . . impedances of batteries and 

electrolytic capacitors ... characteristics of audio-transmission networks ... 
impedance of electro-acoustic transducers . . . Q and resonant frequency 
of chokes . . . and impedances of feedback loops, since negative real par-

ameters can be directly measured. 

The Bridge also can be used to determine cable-fault locations and 

circular-arc plots of liquids or solids having lossy polarizations in the audio-
frequency range. These are but a few of the countless applications for this 

unique and versatile device. You name it — this Z-Y bridge can probably 
measure it. 

For complete information request a copy of the current "GR." 
Catalogue "0" (258 pages), where data is given on pages 34135. 

Impedance of Feedback Circuit 
. .. illustrates ability of the 

Z- Y Bridge to measure any 

impedance; quadrature 

components may be positive 
or negative, real or imaginary. 

Impedance and Admittance Range 
R: + 1000 ohms G: -L 1000 ,m hos 
X: 4-1000 ohms B: 2 1000 ,mhos 

Accuracy 
R or G: ±( 1"'',+ (2 ohm or 2 mmho) ) 
X or B: ---( 1"/„ (2f, ohm or 2f ,mho) ) 

f is operating frequency, f is frequency setting 
of panel selector switch 

Impedances of less than 100t2 or ( 100 mmhos) 
can be measured on " Initial Balance" dials with 
considerably greater accuracy— 
R or G: ±( 1"„ (0.2 ohm or 0.2,mho) ) 
X or B: 1- (0.2f. ohm or 0.2f,mho) ) 

Frequency Range-20 cycles to 20 kc 

Maximum Applied Voltage 
130 volts, rms on bridge; 
less than 32v on unknown 

Accessories Recommended 
"GR." Type 1210-B Unit R-C Oscillator and 
"G.R." Type I212-A Unit Null Detector 

Accessories Supplied 
2 Shielded Cables for generator and detector 

Dimensions- 12r x 14" x 8+" 

Net Weight-21f lbs. 

Type I603-A Z-Y Bridge £222 

76 Oldhall Street Liverpool 3, Lancs. 
Telephone: Central 4641/2 

Valley Works, Ware Road, Hoddesdon, Herts. 
Telephone: HODdesdon 3007-8-9 

CL.45 
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guarantee efficient service 
in all parts of the globe 

Manufacturing Programme 

Threephase Squirrelcage Motors up to 2500 kW 
Threephase Slipring Motors up to 2500 kW 
Threephase Generators up to 3600 kVA 
D. C. Motors and Generators up to 2000 kW 
Converters and Motor-Generator Sets of all kinds 
Ward-Leonard Converters 
Medium Frequency Converters up to 10000 cps. 
Projects and Supply of Electronically and Magnetically Controlled Drives 

CONZ ELEKTRICITATS-GESELLSCHAFT M. B. H. • HAMBURG-BAHRENFELD 

PHONE: 89 68 61 CABLES: CONZDYNAMO HAMBURG • TELEX: 021 1364 

Electronic Ce Radio Engineer, May 1958 



*REPLACEMENT 
*PROTOTYPING 
* STOCK CONTROL 

Our "MA KA-SWITCHES" 
(supplied as separate "Shafting 
Assemblies", "Spacers", "Mains Switches" 
and 5 Combinations of "Wafers") enable 
you to build almost any "Rotary" up to 6 
Banks, thus solving all your SWITCHING 
PROBLEMS! 

You can now build almost any Mains Dropper by 
using our "MAINS DROPPER SECTIONS". 
Available in a range of 32 Values (2 sizes). Another 
one of your headaches (especially T V Droppers) 
gone! 
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TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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Build up Complex 

Control Systems 

with 

H.T. Unit D.C. 68 

A general purpose anode and heater 

supply unit giving 250-350 volts 

D.C. at 0-150 mA and 85 volts D.C. 
for a voltage reference; both of 

these are highly stabilised. There 
are 3 unstabilised 6.3 volts A.C. 

outputs. Particularly designed for 

robustness and absence of 'ringing' 

when full load is switched on or off. 

Suitable for 105 to 250 volts A.C. 

45-65 cis. 

Armature Supply Unit A.S. 69 

High impedance source for feeding 

the armature of D.C. Servo motors 

using the 'constant current' tech-

nique. Nominal output 0.48 or 0.35 

amps. Suitable for 105-250 volts 

A.C. 45-65 c/s. 

SERVOMEX 

Units 
Ideal for 
experimental use, 
education, and 
for specialised 
"one off" applications 

Servo Amplifier 
S.A. 61 

High gain D.C. 
amplifier for 
driving standard 
8o mA field 
windings. Can be 
powered by D.C. 
68 or any other 
conventional H.T. 
unit. Balanced circuit 
throughout to reduce drift. 
Gain 2 amperes per volt. 

Servomex Controls Ltd., 

Crowborough Hill, Jarvis Brook, Sussex. Crowborough 1247 

With the aid of these three basic 
Servomex units, servo-control 

systems can be assembled by the 

user to meet his own specialised 

requirements. This will save time 

and money, and will give superior 
reliability since these units have 

already been thoroughly tested in 

our own installations. Write for 

technical data sheets. 

TYPE HOME _- EXPORT 

SA.6I £17 £17 
DC.68 £35 £40 
AS.69 £22 £27 
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A wide range of applications 

FERRANTI SILICON RECTIFIERS 

• LOW REVERSE CURRENT 

• HIGH FORWARD SLOPE 

• HIGH TEMPERATURE OPERATION 

• SMALL PHYSICAL DIMENSIONS 

• HIGH MECHANICAL STRENGTH 

• APPROVED TO GOVERNMENT 
SPECIFICATION 

ELECTRIC LIMITED 

GAS TURBINE ENGINE 

CONTROL EQUIPMENT 

Ferranti Silicon Rectifiers are used in Gas 
Turbine Engine Control Equipment made by 
Ultra Electric Limited. They were chosen not 
only for their efficient operation, but also 
for their complete reliability, robust con-
struction, small size and lightness in weight. 
Ferranti Silicon Rectifiers have many appli-
cations in the aircraft, electronic, electrical 
and general engineering industries including 
aero engine controls, aircraft power supplies, 
radar systems, guided missiles, computers, 
indicating and recording instruments, process 
control and telephone equipment. 

FERRANTI LTD • GEM MILL • CHADDERTON • OLDHAM • LANCS 

London Office: KERN HOUSE, 36 KINGSVVAY, VV.C.2 

F182 
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no rune missing    *nlbe ladder of our range 
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For long term stability and 

unfailing activity, G.E.C. Quartz 

Crystal Units provide the basis 

for reliable communications 

systems. 

A complete range of units to meet 

D.E.F. 5271 and 

R.C.L.271 Inter-Services styles 

can be supplied. 

From 

200 cycles/sec. 

to 

90 Mc/sec. 

SALFORD ELECTRICAIfflNSTRUMENTS LIAMEITED 
( COMPOI  GROUP ) 

TIMES MILL • HEYWOOD LANCASHIRE 

London Sales Office    Te l• Temple Bar 4669 

Tel :   6868 

A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 

Electronic eg Radio Engineer, May .1958 



Marconi 

TYPE SNW 51 

TYPE SNW 51 3 cm 
STORM WARNING RADAR 

k"- •••• 

Planning and 

Installation 

of Military 

• and Civil 

41 Radar Systems 

Storm Warning Radar can now be 
recognised as an important element 
of an Airport Radar system. 
The SNW 51 provides an accurate and 
up-to-the-moment picture of the movement of TYPE 8264 
storm centres and areas of precipitation over 
ranges up to 200 n. miles. Remote displays, 
static or mobile versions are available. 

ir t Radar 

e 

etee:' • 

TYPE S 264 AIRFIELD CONTROL RADAR 
has been specifically designed for civil air 

traffic control and is not a modified 
military type. It operates at full efficiency 

in all weathers because the wave-
length is long enough to penetrate cloud. 
Ground clutter which obscures aircraft 

response is removed by means of 
an extremely effective M.T.I., thus 
rendering identification procedure 

unnecessary. The equipment is instantly 
operational at its rated performance 
because it is crystal controlled and 

needs no adjustment after switching on. 
The SIM is suitable for monitoring air-

craft on airways at the approach to 
die control zone, controlling them in the 

stacks and feeding them on to ILS or 
PAR, providing limited P.P.1. controlled 

approach to runways and taking 
control of outbound aircraft as soon as 

they are airborne. 

MARCONI 
MARCONI'S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 

R3 
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55 volts 

a really low 

voltage 

stabiliser  

i e G5/1K 

MECHANICAL DATA 

Maximum overall length 

Maximum seated height 

Maximum diameter 

Base 

Net weight 

CHARACTERISTICS 

66.7 mm 

60.3 mm 

19.1 mm 

B7G 

8.5 g 

Maximum striking voltage 90 V 

55 V 

Nominal regulation 
2to30mA 3 V 

Stabilising voltage 

D.C. operating current 2 to 30 mA 

Maximum peak current 
(10 seconds max.) 75 mA 

Maximum regulation 
2 to 30 mA 5 

Ambient temperature range 
—55 to + 90 00 

The G55/1K is a miniature cold-

cathode, gas-filled, voltage 

stabiliser for use in industrial and 

radio equipment where a stable 

source of voltage is required. The 

outstanding feature of this valve is 

the low maintaining voltage of 

55 volts. 

data sheet available from: 

Standard Telephones and Cables Limited 
SPECIAL VALVE SALES DEPARTMENT 

CONNAUGHT HOUSE • 63 ALDVVYCH LONDON VV.C.2 

8 Electronic Ce Radio Engineer, May 1958 



... with I.C.I. Anhydrous Ammonia 
1.C.I. provides industry with anhydrous ammonia, a cheap source of pure nitrogen 

and hydrogen gases. And to convert the ammonia into these gases efficiently and 

economically, I.C.I. offers a full range of crackers and burners. Transport and 

handling charges are low because I.C.I. anhydrous ammonia is conveniently 

transported in large-capacity cylinders and in tank wagons. 

91.3 

Full information on request: 

Imperial Chemical Industries Limited, London, S.W.1. 

Electronic & Radio Engineer, May 1958 9 
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Model 770R. 
19-165 Mcis. 

Model 770U. 
150-500 Mcis. 

Please write for full Technical Specifications to the Manufacturers 

STRATTON 8/ CO. LTD., BIRMINGHAM, 31 

10 Electronic CO Radio Engineer, May 1958 



SS 20 

FOUND: Epikote Resins 

with ' all the qualities' 

Yes, all of them — no distortion with temperature 

fluctuation. Excellent adhesion. Excellent electrical 

and mechanical properties. Low shrinkage on cure. 

High resistance to heat, water and chemicals. By 

using an Epikote Resin formulation as support and 

insulator, EMI Electronics Ltd., have produced an 

exceptionally efficient component, made without 

recessing or other machine operations. 

Have you a production problem for which Epikote 

Resins are the perfect answer? Full technical 

information will be gladly given. 

EPIKOTE 

These switches for machine tool control, 

made only by EMI Electronics Ltd., are 

excellent examples of advanced resin moulding 

technique. In planning simplified production 

based on resin moulding, the big problem was 

to find a resin formulation capable of 

fulfilling the exacting performance 

requirements. 

EPDXY RESINS 

unrivalled for potting and casting 

SHELL CHEMICAL COMPANY LIMITED. In association with Petrochemicals Ltd.—Styrene Products Ltd. 

Divisional Offices: LONDON: Norman House, 105-109, Strand, W.C.2. Tel: TEMple Bar 4455. MANCHESTER: 144-6, Deansgate. Tel: Deansgate 6451. 

sinutwqxma: 14-20, Corporation Street, 2. Tel: Midland 6954-8. GLASGOW: 124, St. Vincent Street, C.2. Tel: Glasgow Central 9561. 

BELFAST: 35-37, Boyne Square. Tel: Belfast 26094. DUBLIN: 53, Middle Abbey Street. Tel: Dublin 45775. "EPIKOTE" is a Registered Trade Mark. 

Electronic ee Radio Engineer, May 1958 11 



In a single application, Araldite epoxy resins combine such diverse functions as bonding, impregnating, 

insulating and providing surface finishes of remarkable protective value. 

This rotating magnet generator, made by Ericsson Telephones Limited for telecommunication equipment, 

has a greater output than other generators of the same drive torque. It incorporates heavy-gauge iron sheet 

laminations bolted between diecast alloy end cheeks, and the coil is separately wound on to a moulded bobbin 

which, when assembled, forms an integral part of the lamination structure. Dimensional accuracy between 

the end cheeks must be combined with a relatively large dimensional tolerance on the thickness of the 

laminations, and Araldite Surface Coating Resins have proved indispensable for impregnating the coil, 

locking the laminations, and imparting an excellent surface finish to equipment which also conforms to 

tropical specifications. 

Araldite epoxy resins are used 

* for bonding metals, porcelain, glass, 
etc. 

Araldite 
Aero 

Combined 

operations 

* for casting high grade solid electrical 
insulation 

* for impregnating, potting or sealing 

electrical windings and components 

* for producing glass fibre laminates 

* for making patterns, models, jigs 
and tools 

as fillers for sheet metal work 

* as protective coatings for metal, 
wood and ceramic surfaces 

epoxy resins 

Research I 4imited 

Araldite is a registered trade name 

A CIBA COMPANY 
Duxford, Cambridge. Telephone Sawston 2121 

AP 32t 
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Plessey sub-miniature plugs and sockets have been designed as safe, 

inexpensive connectors for high-voltage commercial applications. 

They provide up to fifteen positively aligned connections, and both 

plugs and sockets are fully shrouded in resilient, one-piece 

polythene mouldings of high density. 

The electrical and mechanical properties are extremely good, whilst 

the wiring—that can be either crimped or soldered—is simple 

and easily serviced. Already proved in many varied applications 

these connectors are suitable for rack or panel mounting, providing 

perfect friction mating with complete splash and dust proofing. 

• • ••• 
• • • • • 
• • • • • 
• •••• 
• • ••• 
• • •• •  

ELECTRICAL CHARACTERISTICS 

Flash Tested to 2.5 kV at sea lev€1 

Operating temperature— up to TVC 

Current Rating — namps per contact 

Plessey 

Design Engineers are invited to write for samples and Advance Information Leaflet No. 955 ' 15-Way Miniature Connectors'. 

AIRCRAFT & AUTOMOTIVE GROUP • WIRING & CONNECTOR DIVISION 

THE PLESSEY COMPANY LIMITED • CHENEY MANOR • SWINDON • WILTS .TEL: SWINDON 4961 

Overseas Sales Organisation : PLESSEY INTERNATIONAL LIMITED • ILFORD • ESSEX • Tel: Ilford 3040 

Electronic Ce Radio Engineer, May 1958 
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The basic advantages of Xenon thy-
ratrons are enhanced in the Mullard 

XRI-6400A and XR1-12 by a new 
type of construction which provides 

improved electrical and mechanical 
performance. 

The XRI-12 will continuously 
control currents of up to 12 amps, 
while the maximum capacity of the 
XR I-6400A is 6.4 amps. These two 

valves are rugged and their long life 
is backed by a year's guarantee. 

6 and 12 amp 

Xenon Triode 

Thyratrons 
New Disc-Seal 

construction gives 

these positive 

advantages 

* High hold-off voltage 

* Freedom from are-back 

* Ruggedness 

* Long life 

* A year's guarantee 

Their heating-up time is only one 

minute and they will operate effi-

ciently over a wide range of ambient 
temperatures. 

Both types can be employed with 

confidence in a variety of power 
control applications including direct 

welding control, lighting control, 

motor control, electronic switches 

and regulated power supplies. 

Write to the address below for 

full data. 

Type No. 
American 
Type No. 

Vf 
(v) 

If 
(A, 

1 

va(pk) 
max. 
(kV) 

P.I.V. 
max. 
(kV) 

ik (pk) 
max. 
(A) 

ik (ay.) 
max. 
(A) 

Beating -up 
time (secs) 

XR1-6400A 6807 2.5 21 1.5 1.5 80 6.4 60 

XR1-12 5855 2.5 34 1.5 1.5 150 12.5 60 

Mullard Limited 

Mullard House • Torrington Place • London W.C.I Tel. LANgham 6633 

14 

Mullard 
COMMUNICATIONS AND 

INDUSTRIAL VALVE DEPARTMENT 

WMVT 333 
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Curie Point Curves for 
MUTEMP HTC and LTC 
Magnetising Force 100 oersteds 

Cr .*2Ce .4Cr 
TEMPERATURE IN °C 

Measurement of the change 
in characteristics with 
temperature. 

Application of a 
MUTEMP compensator to a 
domestic kWh meter. 

MUTEMP: a temperature-compensating alloy 

This alloy, for use in electric instruments subject to wide variations 

in temperature, is now available in two distinct grades. The two 

grades ensure satisfactory coverage for a wide range of temperature 

change. It will be seen from the curves that MUTEMP LTC has charac-

teristics suitable for the low temperature and HTC for the higher 

temperature ranges. MUTEMP is supplied in hot- rolled sheets up to 

18 ins, wide and in thicknesses ranging from • 125 ins. to .020 ins. 

Full details may be obtained from our current catalogue, where 

its temperature characteristics are set out at three standard 

magnetizing forces, 2, 18 and 100 oersteds. 

RICHARD THOMAS & BALDWINS LTD. 
LAMINATION WORKS: COOKLEY WORKS, BR1ERLEY HILL, STAFFS. 

MIDLAND SECTION OFFICE: WILDEN, STOURPORT-ON-SEVERN, WORCS. 
HEAD OFFICE: 47 PARK STREET, LONDON, W.I 

vim Lootley worts is one of toe largest in turope specializing In me manufacture or 
laminations for the electrical industry. 

—19 
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You are invited to write to 

The M-0 Valve Company Ltd for this 

free comprehensive 30-page Catalogue 

Data Sheets.. 
are available which provide 

all relevant information 

concerning G.E.C. electronic 

valves and devices. 

"G.E.C. valves and cathode 
ray tubes for industry"— 

publication OV4265 — includes 
rating tables and equivalents lists 

for the range of G.E.C. transmitting and 
industrial valves and instrument cathode ray 

tubes, manufactured by the M-0 Valve Co., Ltd. 
This informative catalogue is invaluable to all engineers 

concerned with the design of electronic equipment. 

M-0 VALVE COMPANY LIMITED 
BROOK GREEN, HAMMERSMITH, LONDON, W. 6 

Makers of G.E.C. High Grade Radio Valves and Cathode Ray Tubes 

A subsidiary of The General Electric Company Limited 

16 Electronic Ce Radio Engineer, May 1958 



These miniature relays 

are really rugged 

Plessey manufacture a fine range of these essential components which have been 

specially developed for rugged use in miniaturised circuits. Unsealed and hermetically 

sealed versions are available for operation over a wide temperature range in varying 

conditions of humidity, both of which offer high resistance to shock, acceleration 

and vibration. 

These relays conform to ROL 165 and 166, and have received MSC Type Approval. 

Light duty relay 

This version is particularly suitable for handling light currents and voltages in such 

applications as low-level audio circuits where low-contact resistance and freedom 

from noise are primary requirements. 

Medium duty relay 

Designed to handle power switching, this version has special alloy contacts which 

provide handling capacity and resistance to welding. 

Heavy duty relays 

With these rugged contact assemblies, the current carrying members are com-

pletely independent of the restoring springs; this arrangement provides 

protection against accidental overloads and high continuous current rating 

in relation to overall size. 

COMPONENTS GROUP 

THE PLESSEY COMPANY LIMITED • ILFORD • ESSEX 
Overseas Sales Organisalion: 
Plessey International Limited, Ilford, Essex, England. Telephone: Word 8040 

Electronic & Radio Engineer, May 1958 
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it 

it's 

signal 

generation 

The most primitive signal generator—a mammoth covered hole in the 

ground— With frequencies felt no less than beard. Then the decorative native 

drum covering from o cls up to some 300 c/c. One and all resonators 

and amplifiers— and still sounding over veldt and jungle—but the modern 

way is with radio links, which means test equipment to keep /hem in service. 

in the R.F. range 

gem« 

TYPE 84 SIGNAL GENERATOR 
Frequency Range (Model A) 100 kc/s to 80 Mc/s 

(Model B) 30 kc/s to 30 Mcis 

Output lAs.0 an 100mV 
Output Impedance 75 ohms unterminated 

(when terminated with TP1A. three impedances available 
37 ohm, 10 ohms and standard dummy eerie)) 

Leaflet Number R38 

GD.5I 

TYPE E2 SIGNAL GENERATOR 
Frequency Range 11:0 acts to 100 Nth 

Output IAA V to 100 nIV: IV forte output 
Output Impadanée 7.5 ohms untermlnated 

(when terminated with TP18. three impedances available 
• 37 ohms. 10 ohms and standard dummy seras)) 

to be stette.! 

••••••• 

Leaflet Number R42 

TYPE 62 SIGNAL GENERATOR • 
Frequency Range 150 kcis to 220 Mc/s 

Output 1,c4..V to 1Q0mV 

Output Impedance 75 ohms untermmated 
(when termmated with TP28 Irti),edanc• e, 37{ ohms) 

4.4e 1-° 

•   List price £32. 10S. In U.K. 

s•.« Leaflet Number R45 

U RN« COMPONENTS LIMITED 

ROEBUCK ROAD • HAINAULT • ILFORD ESSEX TELEPHONE • HAINAULT 4444 

18 Electronic eg Radio Engineer, May 1958 



INSTRUMENTS, ELECTRONICS 86 AUTOMATION 

When you have a problem in HIGH SPEED SWITCHING, CONTROL, AMPLIFICATION, IMPULSE 

REPETITION or MULTI-POINT SWITCHING — 

there is no question about the two components 

that will go farther than others towards giving 

you the efficiency you must have — 

THE CARPENTER POLARIZED RELAY 

It operates quickly on extremely short, weak or ill-

defined impulses of varying polarity — has a close 

operate/release differential and retains accurate 

adjustment for long periods in wide variations of 

temperature, acceleration and vibration. Five basic 

types are available in a series of specialized versions, 

with a wide range of single and multiple windings. 

Mi. MIMI IMMI IMMI IIMM UM UM OM MIMI NMI 1111M MUM 

T.M.C. CROSSBAR BRIDGE 

A compact, versatile multi-point switching unit. 

Comprising 5 banks of 8 make-contacts, one unit 

can select any i of 5 points or, in association with 

a simple change-over relay, any i of so points 

(4-way).Two or more Bridges can provide multiple 

outlets, and, interacting electrically, can provide 

complex counting and stepping facilities. For 

multi-point switching in Telemetering, Process 

Control, Serial testing equipment, etc. the Bridge 

has many advantages to offer. 

IMM BIM Mil UM Mal NMI MI MR 

write for technical data to 

TELEPHONE MANUFACTURING COMPANY LIMITED 
Hollingsworth Works • Martell Road • West Dulwich, S.E.21 • Telephone: Gipsy Hill 2211 

Electronic & Radio Engineer, May ¡958 I 9 
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silence is... 

• 

only just sufficiently quiet, wherever the 
circuitry is critical, and Fox's Potentio-

meters—Fox-pots—are designed to vary 
resistance, and not noise-level, within the 
circuits in which they are used. 

They are constructed to do their job in 

absolute silence—electrical and mechanical 
—for many years of service, however exact-

ing the local conditions. And every one is 
accurate within its specified tolerance. 

Fox-pots are working all over the world—in 

purposeful silence. Whatever your require-
ment in a variable resistor, there is a 

FOX-POTS FOX-POTS 

to meet it. Have a word with our Technical 
Director. 

P. X. FOX LTD., Dept. ERE 
218 HAWKSWORTH ROAD, HORSFORTH, YORKS 

giving full technical 

information on the I 

"Tophet" range 

of Stainless Steel 

VVires which 

draw as fine 

.0005". 

we 

as 

ropitEr 
STAINLESS STEEL WIRES 
Manufactured by GILBY-BRUNTON LIMITED 
HEAD OFFICE & WORKS: SEAMILL, MUSSELBURGH, SCOTLAND 

Telephone Musselburgh 2369 

LONDON OFFICE: 47 WHITEHALL, S.W.1 Tel. Whitehall 6058 

Abacs or Nomograms 

'Can be 
recommended 

without reserve' 

The Times Review 
of Industry 

by A. Giet 

Shows how even these without highly 
specialised knowledge may construct their 
own charts. This book will prove of the 
greatest practical value for all who require 
time-saving methods for repetitive and 
complicated calculations. 

35S net by post 36s 

Laplace Transforms for 
Electrical Engineers 

'A useful 
exposition of 
great value' 

A.T.E. Journal 

by B. J. Starkey, DIPL.ING., A.M.I.E.E. 

A presentation of the theory of the Laplace 
transformation in which a physical vocabu-
lary rather than a purely mathematical one 
is used as far as possible to attain the utmost 
simplicity. 
Provides a thorough treatment of the 
subject. 

30s net by post 31s 2d 

from leading booksellers 

Iliffe & Sons Ltd Dorset House Stamford Street London SEI 
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A new wide band 
Two channel 

OSCILLOSCOPE 

I. The standard of accuracy 
with which the displays 
on the two channels can 
be compared with each 
other. 

2. The linearity of the time 
base, making possible 
time measurements 
within 2% accuracy. 

Model DE 103 A 
—D.C. to 10 Mc/s 

The new trolley mount-

ing of this instrument has 

facilities for conveniently 

carrying accessories, such 

as signal delay lines, 

cathode follower probe 

and single shot camera. 

Note the useful writing 

desk attachment. 

Incorporating many im-

provements over its pre-

decessor, among the most 

important being:-

3. Internal synchronising 
facilities provided. 

4. Greater accuracy of the 
voltage calibration. 

5. Higher sensitivity with-

out loss of band width. 

In its present form it provides unique facilities for the accurate 
display and measurement of two high frequency signals simul-
taneously, and is a well tried, reliable instrument. 
Having two signal channels which are free from any inter-

action, and which do not depend on beam switching techniques, 
the two signals may be aligned for comparison in any desired 
way with confidence that their waveform details are strictly 
relative, under either single stroke, triggered, or repetitive sweep 
conditions. 

In effect the design provides two first-class wide band 
oscilloscopes combined in one unit. 

Ask for data sheet No. 5570 for full details. 

NA gpeAD 
18 Avenue Road, Belmont, Surrey. VIGilant 9161/2 

i4DCOLP\ 
(Regd. read. Mk) 

Soldering Instruments 
and Equipment 

Comprehensive 
Range of Models 

P.V.C. Cable Strippers 

Solder Dipping Pots 

Supplied in 

ALL VOLT RANGES 

A PRODUCT 

FOR 

PRODUCTION 

RADIO, TV 

RADAR 

ELECTRONICS 

TELECOMMUNICATIONS 

ETC. 

(Illustrated) 

Protective Shield 

List No. 68 

IV Detachable 
Bit Model 

List No. 64 

Traditional British Quality and Workmanship 

ADCOLA PRODUCTS LIMITED 
Head Office, Sales and Service: 

GAUDEN ROAD, CLAPHAM HIGH STREET 

LONDON, S.W.4 Telephones MACAULAY 3101 & 4272 
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Photograph of Galvanometer 

by courtesy of 

Doran Instrument Co. Ltd. 

MUREX manufacture 

the S̀INCOMAX' MAGNETS 

used in DORAN GALVANOMETERS 

In this new galvanometer Murex `Sincomax' Magnets 

are used to meet the need for low leakage, high-

flux density and magnetic stability. 

Write for Standard Magnets 

Booklet. Technical repre-

sentatives always available 

for consultation and advice. 

MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM • ESSEX • Telephone Rainham, Essex 3322 

Telex 28632 Telegrams Murex, Rainham-Dagenham Telex 

London Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.I EUSton 8265 

FOUNDATIONS 

OF WIRELESS 

oteueenet.tee.INItti 

Over 170,000 copies of previous editions sold 

FOUNDATIONS OF WIRELESS 
7th Ed. by M. G. Scroggie, B.Sc., M.I.E.E. 

Now virtually a new book, this 7th edition has been almost entirely rewritten, 
and much material added to bring it completely up to date. In an easy style, it 
covers the whole basic theory, starting from the most elementary principles. It 
deals with receivers, transmitters, amplification, valves, transistors, aerials, 
power supplies, and other aspects of the subject. More emphasis is now made 
on f.m. and v.h.f., and cascode v.h.f. amplifiers, colour television, e.n.t. 
generators, and transistor d.c. voltage raisers are included for the first time. 

15s net by post I6s 4d 

A BBC 

engineering 

training manual 

LONG-WAVE AND MEDIUM-WAVE PROPAGATION 
This booklet is based on a series of 
lectures given by the author at the BBC 
Engineering Training Department to 
students specialising in the operation 
and maintenance of transmitting sta-
tions. The main features of propagation 
at low and medium frequencies, 30-
3000 kc/s, and in particular the broad-
casting bands 150-285 kc/s and 525— 

from leading booksellers 

Published for 'Wireless World' by 

ILIFFE & SONS LTD DORSET HOUSE 

1605 kc/s are explained. There are 
sections on aerials, ground- and sky-
waves, attenuation due to earth losses, 
recovery effects, mixed path propaga-
tion, synchronised group working, 
ionospheric reflection, fading, long-
range interference and low-power instal-
lations. 

4s 6d net by post 4s 10d 

STAMFORD STREET LONDON S.E.I 
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We also make Phase 
Sequence Indicators, 
Synchroscopes and Fre-
quency Meters all up 
to 5,000 c.p.s. and full 
range of M.C. and M.I. 
Instruments. 

lee 

Useful for the design of a.c. bridges. 
Sensitive to current differences of I in 1,000. 

Made for frequencies from 50 to 5,000 cycles per second. 
Indicates small differences in the magnitude of two a.c. currents. 

Ask for new Catalogue. BOSWELL SQUARE • INDUSTRIAL ESTATE • HILLINGTON • GLASGOW • S.W.2 • Telephone Halfway 1166 and 2194 

CONSTANT AMPLITUDE 

Type 5224CA 

H. TINSLEY & CO. LTD 

VALVE MAINTAINED TUNING FORK 

. with frequency characteristics 

approaching those of a crystal! 

25-100 c/s according to specification 

Due to a patented circuit incorporated in this design, the 
amplitude of the vibrating system is maintained constant. 
The system is not subjected to a constant straining, polarisa-
tion nor to any electromechanical shock. Energy is supplied 
to the fork whilst the limbs are moving in one direction only. 

The instantaneous voltage generated in the pick-off coil is 
strictly proportional to fork velocity and is therefore free 
from harmonics. 

Write for list 69A for full details 

Werndee Hall, South Norwood, London, S.E.25 • Addiscombe 6046-7-8 
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INDUCTANCE MEASUREMENT 

One of the most outstanding technical developments of 

H. W. Sullivan Limited 

is the Sullivan and Griffiths Precision Inductance Bridge. 

Its range 1 tiFI to 100H; its direct reading accuracy 0.1% or 
0.1 ,L1-1 (quite unaffected by temperature and having good 

frequency characteristics) and facilities provided for the direct 

reading measurement of resistance 0.01 ohm to 10 Megohms, 

capacitance 10 F to 1 ihF and the inductance and losses of 

iron-cored inductances with superposed direct current up 

to 2 amperes . . . make this bridge invaluable to any factory 

or laboratory concerned with inductance measurement. 

An advertisement of H. W. Sullivan Limited, London, SEIS. Telephone New Cross 3225 ( Private Branch Exchange) 
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Permanent 

Magnets 

Design 

Advisory 

Service 

The fundamental factors governing the 

design of a magnetic circuit are:— 

(a) The magnetic field strength required 

in the air gap. 

(b) The physical dimensions of the air gap. 

(c) The leakage flux from the surface of 

the magnet (and pole pieces, if used). 

If the dimensions of the gap and the flux 
required in it are known, the length of the 

magnet may be determined with the aid of 

either of the following simple formulae. 

c.g. s. System 

Length Lm of magnet in cm. 

Lm _ Hg X Le X Ki 
Hd 

Hg is the field in the air gap in oersteds; 
L, is the length of the air gap in cm; Hd is 

the design value of H from the magnet 

material characteristic. 

M. K. S. System  

Length Lm of magnet in metres 

Lm _ Bg x Lg x 41T x 10-7 x Kr 
Ha 

Bg is flux density in gap in webersImetre2; 

L, is length of gap in metres; Hd is in ampère-

turns/metres. 

I No. 2 

Magnetic Circuits 
Advertisements in this series deal with general design 
considerations. If you require more specific informa-
tion on the use of permanent magnets, please send 
your enquiry to the address below , mentioning the 
Design Advisory Service. 

IC, is a factor which may vary between 1.05 

and 1.2. The lower value would apply if 

iron is of good magnetic quality operating 

well below saturation; also if joints in the 

magnetic circuit do not present appreci-

able reluctance. 

The cross-sectional area of the magnet may 

be obtained by this formula. 

Area Am of magnet in sq. cm. 

Am — Bg x Ag X Leakage Factor 

Bg is the flux density required in the air 

gap (B, — Hg in air); Ag = area of gap in sq. cm; 

Bd = design value of flux density of the 

magnetic material. 

Leakage factors vary enormously with 

different apPlications and therefore, some 

experience or information is necessary in 

order to get a sufficiently close approxima-
tion for practical purposes. An example 

illustrating leakage is shown below. 

3%-5% 10%-20% 5%40% 

APPROX. EFFICIENCY 

Using the M. K. S. System, the same formula 

still applies with Bg and Bd in webersImetre2 

and the area in square metres. 

If you wish to receive reprints of this advertisement 
and others in this series write to the address below. 

Mullard 
‘TICONAL PERMANENT MAGNETS 

‘MAGNADUR' CERAMIC MAGNETS 

FERROXCUBE MAGNETIC CORES 

MULLARD LIMI7ED, COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.1 Tel. LANgham 6633 
MC 262 
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Jargon 

THE use of jargon in technical writing has long been deplored but, in 
spite of this, it appears to be on the increase. Those who employ it 

appear to do so for brevity, but they usually succeed only in making 
themselves unintelligible to all outside a narrow specialized circle. As we 
shall show later, they do not always even gain in brevity. The dictionary 
meaning of 'jargon', which we think best describes it, is "mode of speech 
full of unfamiliar terms". We are, however, often tempted to say that the 
alternative definition of 'gibberish' is more appropriate. 
To non-technical people, all technical writing is naturally jargon, for 

technical terms must be used and they do not know their meaning. 
Technical people, however, expect to be able to understand the literature 
of their field but they cannot when the words employed are jargon; that 
is, they are not the customary ones of the subject. 
We recently met an example in which slang and jargon combine to 

render a sentence unintelligible to those outside a narrow specialized field. 
In an instruction manual for a piece of electronic equipment, which is 
obviously intended for use by those outside that field, we found: "In the 
interests of high-speed operation, one-half of each valve is used as a 
cathode follower buffering the strays of the divide down circuit from the 
anode of the amplifier". 
What is half a valve, and how can it be used? The circuit diagram 

shows that what is meant is one of a pair of triodes contained within a 
single envelope; that is, half of a double triode. 

"Buffering the strays" will probably not puzzle many, but it is 
inaccurate slang, none the less. In the radio field, 'strays' is a synonym 
for atmospherics, although it is not one which is much used nowadays. 
It is used here to mean stray capacitance, but why an adjective should be 
turned into a plural noun of special meaning defeats us. Stray effects can 
be inductive, not only capacitive. 

"Divide down circuit" will either puzzle the reader or mislead him. 
The phrase evokes in us the idea of a frequency-dividing circuit, but it is 
actually nothing but a fancy name for a potential divider! 
The sentence can be re-written in precisely the same number of words, 

not only in a form intelligible to any technical person, but giving a good 
deal more information than was contained in the original. In plain 
technical English, instead of the mixture of slang and jargon, we should 
say "To secure rapid operation, one-half of each double-triode valve is 
used as a cathode follower, thereby relieving the anode of the amplifier 
from the stray capacitance of the potential divider". 
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Vow' and ' Flutter' 
MEASUREMENT IN TAPE RECORDERS 

By R. G. T. Bennett- and R. L. Currie* 

SUMMARY. A simple method of measuring wow and flutter is described, which can be made with the aid of a stable oscillator and 
a triggered oscilloscope with sweep expansion. A sine wave from the oscillator is recorded and subsequently played back, giving a 

voltage output which triggers the oscilloscope timebase at a particular phase of the waveform. Frequency modulation due to wow or 
flutter is measured in terms of the relative displacement of the oscilloscope traces at the end of successive sweeps. 

he effects known as wow and flutter, which are 
caused by variations in frequency brought about by a 
lack of constancy in the speed that a tape travels across 
its magnetic head, are usually measured in one of two 
ways. One method requires the use of complicated 
limiter—discriminator equipment, which should be cali-
brated before meaning is given to its results, and the 
other measures the changes in phase between the record-
ing and reproducing heads when a pure tone is being 
recorded, but has a very restricted bandwidth because 
of the time it takes for the tape to travel between the two 
heads. The method described in this article requires only 
a stable oscillator and a suitable oscilloscope, and gives 
the percentage of wow and flutter at any desired band-
width. 

Although it has been developed for use with tape 
recorders, it can be employed in other requirements as, 
for instance, to measure the wow due to a turntable. In 
essence, measurement is achieved by comparing the 
phase of a recorded sine wave with that of the same wave 
at some later time. 

Suppose that a pure sine wave of constant frequency f 
is recorded and the recording is then played back and 
the wave displayed on an oscilloscope. Suppose further 
that the timebase of this instrument is triggered always at 
the same part of the cycle, when the instantaneous 
amplitude of the wave is passing through zero, and that 
there are displayed on the oscilloscope n complete cycles. 
There may be a fraction of the next cycle, but this is 
unimportant. 
Each successive trace will start from the same spot 

(zero, if the triggering delay is ignored; a constant finite 
value if the triggering delay is small and constant). If the 
frequency of the sine wave changes from one sine wave 
to the next, however, successive traces will appear 
superimposed at their beginnings and will gradually get 
out of step towards their ends. Their displacement 
towards the end of the trace is thus a measure of their 
difference of frequency. 
When the recorded wave is frequency-modulated by 

* Department of Physics, University of Canterbury, Christchurch, New Zealand. 

(a) 

(b) 

Fig. 1. Diagram of oscilloscope patterns obtained by superimposing two 
successive traces showing the played-back signal; (a) two complete sweeps, 

(b) expanded sweep of last cycle 

wow and flutter, the appearance of two successive traces 
has the form sketched in Fig. 1 (a) for the case n = 4. 
Measurements can be made on the last complete cycle, 
the nth. In practice, one would use an expanded sweep 
to display adequately on the screen this nth cycle; 
alternatively, an oscilloscope with a delayed fast sweep 
can be used. In either case the nth cycle then has the form 
shown in Fig. 1 (b). 
The distance b between successive zero crossings of one 

wave represents the time of one half-cycle of this wave. 
The distance a between adjacent zero crossings of the two 
waves represents the time difference in n cycles. The 
solid curve is considered to be the first reproduced and 
the dotted the second. If the frequency were constant, 
the two would be superimposed. The dotted curve is 
displaced to the left, however, and so the n cycles of the 
second trace have occupied less time than the n cycles of 
the first trace. Consequently, the frequency has been 
higher during the display of the second trace than it was 
during the display of the first. The difference of timing 
is al2b as a fraction of a cycle and, from this, one can 
work out the change of frequency. 

In practice, one does not obtain merely a pair of 
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traces like Fig. 1, but a very thick 
trace similar to that shown by a 
badly-synchronized oscilloscope. Each 
successive trace falls at a slightly 
different position on the screen, but 
within certain limits imposed by the 
magnitude of frequency-modulation 
due to wow and flutter. The trace 
thus has the form shown by the 
photograph of Fig. 2, and the thick-
ness of the trace horizontally is a 
measure of the peak-to-peak ampli-
tude of the frequency-modulation as 
a fraction of a cycle. 
The mean position for the end of 

the trace corresponds to the end of the 
nth cycle of the constant-frequency wave of frequency 
f, and the time occupied by the n cycles is nlf seconds. 
At the extremes of amplitude of the modulating wave 
n cycles occupy (n ± al2b)lf seconds, but this time 
corresponds to n cycles of frequency ft, or n/fi seconds. 

Hence 

and 
f 

fl = 
1 ± al2bn 

1  
=-- 2bnla ± al2bn if a/2bn < 1, which is 

I 

Fig. 2. Photograph of display obtained in practice 

true in practice. 
- The percentage of wow and flutter, taken to be peak-

to-peak variation, is therefore given by 100 (2a/2bn). 
Now 2a is the total thickness of the trace horizontally, 2b 
the horizontal length of a complete cycle when expanded, 
and n can be obtained from the unexpanded sweep. 

Rather than measure horizontal distances along the 
time scale of the display, it is sometimes more convenient 
to measure vertically on the amplitude scale. A sine wave 
is approximately linear over the range ± 0.6 of maxi-
mum amplitude. 36° being one-tenth of a circle, and 
sine 36° 0.6, the range ± 0.6 corresponds to one-fifth 
of a cycle. Call the length of this range on the amplitude 
scale R, and the maximum variation of instantaneous 
amplitude x, then xIR equals the displacement in a 
horizontal direction as a fraction of one-fifth of a cycle, 
provided that xIR is less than unity. In other words, 
xIR = 5(2a/2b), so that the percentage of wow and 
flutter is given, in this case, by 100(x/5nR). 
The advantage of using the amplitude as a measure is 

that it is easy to switch in an amplifier of known gain to 
increase the deflection and so obtain a more accurate 
measure when the variations are 
small. 

If a delayed sweep is used, it is 
more convenient to examine the start 
of the (n 1)th cycle, and the display 
then takes the form of Fig. 3; n will 
be given by fT, where f is the re-
corded frequency as before, and T is 
just the sweep delay. 

Measurements should be made for 
widely varying delay times and so, in 
order to keep the variations within 
suitable limits, it is necessary to use 
more than one recorded frequency. 
In obtaining data for the graph 
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illustrated, frequencies of 200, 1,000 and 10,000 c/s were 
used, with values of n varying from 1 to 10, or 20 in one 
case. • 

For the longer delays, it will be found in some cases 
that the spread of the trace varies considerably over a 
time of half a minute or so. This is because there is 
inevitably some slip between the tape and the capstan, 
and sometimes the wow introduced during recording 
will add to that introduced during playback but, at 
other times, the two will tend to cancel and the variations 
will be due to flutter components of frequency modula-
tion only. Hence, if the total wow and flutter is required, 
the measurements should be made when the variations 
are maximum; if, however, it is desired to obtain estim-
ates of wow and flutter separately, measurements should 
he made at both maximum and minimum spread of the 
trace. 
The trace in the photograph of Fig. 4 shows the 

stability of the oscillator and delay circuit. This trace 
was produced in the same way as Fig. 3, but with the 
oscilloscope connected directly to the oscillator. As can 
be seen, the successive traces are not displaced. This test 
should be applied to the ,‘èquipinent before making 
measurements. 
The irregularities of tape speed in ta.pe recorders are 

of two types, and that is why the two names, 'wow' and 
'flutter' are used to describe them. The wow is periodic, 
arising mainly out of eccentricities of the capstan, and 
having its frequency of rotation which is usually a few 
cycles per second. Flutter, on the other hand, is random 
in character, and has components of frequency com-
pletely covering a very wide audio band. 
The system of measurement described in this article 

Fig. 3. Pattern obtained with delayed sweep 
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does not respond equally to all wow-and-flutter fre-
quencies; it has a response similar to a law-pass filter. 
This response is shown in the appendix to be proportional 
to (sin nf. ' T)/71' where f ' is the wow or flutter frequency. 

This can be understood more readily by considering a 
particular instance, that in which the component of 
frequency modulation has the same period as the delay. 
The frequency is (say) higher during the first part of the 
delay period and lower during the second part; hence, 
the wave comes into phase again at the nth cycle and 
would not appear to be displaced. 

Since flutter components up to very high frequencies 
are present, it is necessary to specify a bandwidth if tape 
recorders are ta be compared adequately. 
For the purpose of determining the bandwidth of this 

measuring system, we imagine a 'white noise' signal to be 
applied to the input (white noise has components of all 
frequencies and all at the same intensity). The band-
width of the system is defined as the bandwidth of the 
ideal filter which will give the same output power under 
these conditions. A constant of proportionality is 
included to make the response of the two systems equal 
at the frequency of maximum transmission. The result is 
that the bandwidth is 1/2 T, where T is the delay. It is, 
hence, a simple matter to obtain the bandwidth associated 
with each measurement of wow and flutter. 
The graph (Fig. 5) shows the total wow and flutter, 

plotted against bandwidth for a particular tape recorder, 
obtained with delays varying from 100 milliseconds to 
100 microseconds. 

APPENDIX 

1. Wow 
Suppose the velocity of the tape is 

V = V0(1 m cos 2of't) 
where f' is the wow frequency. 
The wavelength on the tape at any instant is 

À = V0(1 m cos Zrift)If. 

When played back, the phase change in time T is 

0 -= 2ir fr (01M dt 
o 

= 211 fT [{ I + m cos (2ef't 13)}/{1 + in cos (27rf't ct)ndt 
o 

where a and fi are the phase angles of record and playback respec-
tively and may have any values. 
If 

m 1 

0 = 2irf IT [I + tn(cos (2/rf 't 13) — cos (2/rf'd tt)}]dt 
o 

and 

30 

25 

2.0 

'Ft! 
I 5 

a I 0 

05 

o 

Fig. 4. Oscillator output 

Fig. 5 (below). Wow and flutter of a 
particular tape recorder 

o 

o 

o 

o 

8 o 
o 

BANDWIDTH (CYCLES PER SECOND) 
9: 

ZIO = —4mf sin {a — '8} sin (nf'T ± a ± (3) sin (irf'T) 
f' 2 

disregarding the fundamental phase change irfT. When a — fi = 
the first sine factor equals 1, the second takes values between 1 and 

— 1 on successive sweeps so that dB lies between ± 4irmf sin ef  
irf ' 

which are the maximum values referred to above. 

2. Flutter 
(a) The random component of tape-velocity variation may be 

supposed to be the sum of the contributions from a large number of 
different frequencies. Any frequency component may be resolved 
into a wave which has a — fi = r and gives the maximum excursion, 
and another for which a — /3= 0 which gives no result. Each is 
equally likely, hence on the average, the root-mean-square flutter 
(calculated from the excursions) produced by all the frequency 
components is p/v'2 where p is the actual r.m.s. flutter. 

(b) The response of the system is proportional to 

sin ef 'T 

hence the root mean square output for 'white noise' input is pro-
portional to 

N/ [f :{sul 741 = 
An ideal low-pass filter of bandwidth B with the same low-frequency 
response 

sin 
T= Lim 

P —> o uf 

would have a mean square output of 

= VT2 B 
N Jo 

Hence B --= 1/2 T. 

By using a large delay, it is possible to render negligible the flutter 
response and measure low-frequency wow components. 
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Analysis of Current Pulses 
APPLICATION TO RECTIFIERS AND CLASS C AMPLIFIERS 

By F. G. Heymann, M.Sc.(Eng.)* 

SUMMARY. Current pulses are analysed by an approximate method which gives results in which the errors are not more than about 

5%. The resulting relations are applied to class C amplifiers and lead to simple expressions for various amplifier quantities. 

An approximate method has been used to analyse 
the current pulse in a circuit containing a rectifier with 
a linear characteristic'. This method is now extended to 
include non-linear characteristics and its application to 
the class C amplifier is indicated. It is assumed that all 
alternating voltages are sinusoidal and that the cosine 
function may be approximately represented by the first 
two terms of its expansion. 
The current-voltage characteristic of the rectifier or 

amplifying device is assumed to be 

i --- kvcc 

where k and a are constants for a particular device. 
It is possible to derive simple relations between the 

peak current, the average current and the various 
harmonic components of the current pulse. These 
relations may be used in class C amplifier design. 
A similar approximation has been made by Kosa2 

assuming linear characteristics but, in general, this is 

not accurate enough. 
The results which follow indicate that the ratio 

between average current and peak current varies 
appreciably with the exponent a but that the ratio 
between the fundamental current component and the 
average current is not greatly affected by the value of a. 

Average Cur rent 
The basic circuit is shown in Fig. 1 (a), assuming that 

each source has zero internal impedance. Fig. 1 (b) 
shows the voltage and current waveforms during the 
positive half-cycle of the alternating voltage. 

Vo 

(a) (b) 

Fig. 1. (a) Basic circuit; (b) current and voltage waveforms 
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Fig. 2. Dependence of factor A on the exponent a 

The instantaneous voltage during conduction is: 

=-- VÏV cos x — Vo 

In the appendix it is shown that the approximate 
instantaneous current will be given by the following 
expression: 

i — (x/0)21" 

The average current may be found by integration: 

The factor A, which may be readily determined for 
integral values of 2a, is plotted as a function of a in 
Fig. 2. The curve may be used to determine A for any 
value of a. 
The average current therefore varies approximately 

linearly with angle of flow when expressed in terms of 
the peak current. The approximation gives a value in 
which the error is not more than 6% when 0 = 7r/2 and 
a = 2. For lower values of a the approximation is closer. 

Harmonic Components 
The effective value of the nth harmonic component 

* University of Pretoria. 
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(a-) (b) 

Fig. 3. Class C amplifier; (a) normal circuit, (b) equivalent circuit 

may be found by evaluating the following integral: 

0 

In —  /. -1r L:. i . cos nx dx 

-9 

r--Y, ImA0(1 — Bn202) .. (2) 

AY, IL(1 — Bn202) 

1 
where B = 

4a ± 6 

This approximate expression holds very well for 
values of nO up to about .42, the error being not more 
than 5% when cc = 2 and nO -= n12. For higher values 
of nO the error tends to increase, 

(3) 

Unmodulated Class C Amplifier 
It is usual to operate an unmodulated class C amplifier 

in the region where the anode voltage exceeds the grid 
voltage. Under these conditions the anode current pulse 
is of the form considered in the previous sections. 
The anode circuit of the amplifier shown in Fig. 3 (a) 

may be represented by the equivalent circuit in Fig. 3 (b). 
The equivalent rectifier has a characteristic of the form 

kv, where v = i.tvg ± va and current only flows 
while v is positive. 
The circuit of Fig. 3 (b) reduces to that of Fig. 1 (a) if 

V = V8 — VL and Vo = Vc — Vs 
Therefore, the current pulses may be analysed as in 

the foregoing sections. 
If a design procedure similar to that proposed by 

Terman3 is used, the maximum allowable peak anode 
current In, is first determined and a suitable combination 
of minimum anode voltage and maximum grid voltage 
selected to produce this current. It is usual to ensure 
that the minimum anode voltage Vmin exceeds the 
maximum grid voltage so that no dip appears in the 
current pulse. 

For a particular anode supply voltage VB and angle 
of flow 20 it is possible to write down the following simple 
expressions: 

Input power: PD = VBID = VglmA0 

Output power: PL = 

= (VB — Vmin) ImA0 ( 1—B02) 

Efficiency: 

77 -= (1 — VrninIVB) (1 --- B02) 

Tank impedance: 

VB — Z  Vmtn  
2/m A0 (1 — B02) 

These relations show clearly what part each factor 
plays in determining the operation of a class C amplifier. 

Input power increases continuously with angle of 
flow, whereas output power reaches a maximum at some 
value of 0 greater than 42. This means that the amplifier 
does not reach this point while it is still operating under 
class C conditions. 
The efficiency is seen to fall with increasing angle of 

flow and the effect of the minimum anode voltage is 
clearly brought out. It is also evident that the tank 
impedance is roughly inversely proportional to the 
output power. 

Since average valve characteristics are usually con-
sulted in designing amplifiers, the errors which arise in 
consequence may be large compared with the errors 
introduced by the above approximate method and 
therefore the use of the approximate theory in place of 
more exact sets of curves is justified. 

Harmonic Amplifiers 
The above analysis of current pulses may also be 

applied to harmonic amplifiers if it is assumed that the 
alternating component of the anode voltage does not 
have much effect on the anode current; i.e., if a high 
value of µ, is assumed. The approximate theory becomes 
increasingly inaccurate as the angle of flow rises beyond 
a certain value but, on the whole, the results are 
sufficiently accurate for most purposes. 

If 20 is the angle of flt.w relative to the driving voltage 
and the frequency is multiplied n times, the following 
relations hold approximately 

Input power: PD = VBImA0 

Output power: 

PL = ( Vs — Vrnin) IniA0 ( I — Bn202) 
Efficiency: 

— vmin/vB) ( 1 — Bn202) 
Tank impedance: 

ZL — 
2/m AO ( 1 — Bn202) 

In the case of harmonic amplifiers it is probably 
advantageous to operate near maximum power output; 
i.e., at 

VB — Vmtn 

no \/ 1•33a ± 2 (see appendix). 

APPENDIX 

List of Symbols 
x = 2irft 
f = frequency 
t = time 

-= instantaneous voltage across equivalent rectifier 
V = effective (r.m.s.) value of a sinusoidal voltage 
i = instantaneous current 
inz = peak current 
ID= average current 
= effective (r.m.s.) value of the nth harmonic component of 

current 
29 -= phase angle during which current flows 

cos x 1 — 0-5x2 
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1. Instantaneous Current 
The resultant voltage during conduction is 

= V-2-V cos x — V, 
= Vi V (cos x — cos 0) 

Rd V (02 — x2)W2 

Peak current flows when x 

.'.1m = k ( V02I•V)ei 

The instantaneous current may be expressed in terms of /in 

i =- kva = 1m ( 1 — x2/05)Œ 

2. Average Current 

o 

ID = fi. dx 
-o 

ets 1 ( 1 -- x2IO2)* . d(x10) 

o 

= A0l. 

Let x/0 =- sin y; d(x10) = cosy. dy 

A = _1 f cos 2CC + 1 y dy 

o 

/12 

2a  f cosec-ly dy 
e(2a + 1) o 

This reduction formula makes it possible to evaluate A for all 
integral values of 2a once A has been found for a -= 0 and a = 

Calculated values of A are listed in Table 1. 

TABLE I 

a 0 0.5 1-0 1-5 2.0 3.0 4-0 5.0 

A 0.318 0.25 0.212 0.188 0.170 0-146 0.129 0.117 

The value a = 0 corresponds to a rectangular current pulse. 

3. Harmonic Components 

in —   i (cos nx) dx 

1 

2-0 
Pti  f  ( 1 — x2/02)1 ( 1 — 0.5n2x2) d(x I 0) 

IT  

o 

(1 — Bn202) 

Where B fsin2y . cosex I y . dy 
2TrA 

O 

sq 2 2 
1 f 1 f 

21rAJ cœ2a + 5-Y 4Y— 2nAJ c°s2a 3, d'Y 

= -1( 1 2a +  
2 2a + 3) 

4a + 6 

4. Maximum Power Output of Class C Amplifier 

PL (VB — Vnisn) I.A0 ( 1 — Bn202) 

8PL, 
Let —80 = 

1 — Bn202 2Bn202 

For a maximum value of PL, ne ne 11V3B 

= V1.33a + 2 

Thus maximum output power is: 

PLinax $ki (VB — Vnifti) I. (2A/3n) V1.33a + 2 

and the efficiency at this output will be 

= 0.667 ( 1 — Vmin/VB) 
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Materials Data 

ANEW service for industry and technology has been 
introduced. It consists of the collation of data on all 

materials, and the comparison of these on the basis of 
their design characteristics. 

The .information has been - Compiled on individual 
sheets and also charted on large-scale graphs to afford 
rapid comparisons, and a great deal of miscellaneous in-
formation has been systematically indexed. 
The service is open to firms and individuals on a 

subscription basis, members having access to all infor-
mation without further payment or subscription. It is 
intended that subscribers should visit the data centre at 
Farnborough, Hants, to collect information themselves, 
but enquiries will be answered by post on payment of an 
additional fee. 

Possession of a set of Data Cards on a material provides 
the user with all the preliminary information he requires. 
He may carry out a preliminary analysis of the technical 

and cost aspects of his problem; he knows the dimensions 
available, the fabricated forms and the sources from 
which the material may be obtained. He will have some 
idea of details such as waiting period before delivery and 
he will learn of sources from where specialist knowledge 
may be obtained. An associated file contains miscellaneous 
related literature. 

If a visitor to the centre has in mind a desirable 
combination of properties and is open to ideas, he will 
use the Comparison Charts. 
These compare, on the basis of equal cross-sectional 

area, weight or cost, the capacity of different materials 
to perform different tasks. Simple ratios are used; e.g., 
strength/weight, thermal conductivity/cost, stiffness/ 
weight, etc. 

Further information may be obtained from Materials 
Data, Ltd., 273 Farnborough Road, Farnborough, 
Hants. 
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The Fringe of the Field 

ARTIFICIAL AURORA 

Recent reports of the production of an artificial 
Aurora Borealis may have stimulated thoughts about the 
possibility of using it for illumination. That is very much 
a thing of the, probably far, future and here I simply 
want to discuss what lies behind the Luxembourg Effect 
and, more particularly, the theoretical and experimental 
work that has been done on its possible use to produce an 
artificial Aurora Borealis. Two things should be made 
clear at the start, however. The first is that, although 
some such expression as "Light from the Luxembourg 
Effect" has been used, the only way in which this could 
conceivably be realized is in the special case of the effect 
which occurs at one particular frequency, called the 
gyrofrequency. The second is that, although the pro-
duction of a luminous discharge in the E-layer itself would 
be well within the scope of any really high-power 
transmitter using this frequency, provided it had a 
suitable aerial array, (which would be rather a large 
affair) the main object of research has been to study 
conditions in the ionosphere and not to develop new and 
fancy lighting techniques! 
The February 1957 number of Radio Industria Tele-

visione had an article describing experiments by Pro-
fessor M. Cutolo of the University of Naples, in which 
he had reproduced E-layer ionosphere conditions in a 
glass vessel, and had excited an auroral glow in it at a 
distance of some 800 metres from a radio transmitter. 
A summary of this article appeared in the European 
Broadcasting Union Review for June of last year. The 
account was not by Cutolo himself, a very distinguished 
worker for a quarter of a century in this field, but by an 
author whom I suppose to be "Quantum's" opposite 
number in the Italian journal. I could not understand it, 
because he had left some essential details out. However, 
the references were there and it was, I thought, well 
worth while to try to follow some of them up. I expect 
that by now the work has been fully published; but I 
haven't come across it in that form yet, so I don't suppose 
you have either. 

The Luxembourg Effect 
B. D. H. Tellegen reported in Nature (10th June 1933) 

that the programme from Radio Luxembourg ( 150 kW, 
1190 m) was received at Eindhoven on a set tuned in to 
Beromunster (460 m). Radio Luxembourg is in a direct 
line between transmitter and receiver, and it was 
realized that a cross-modulation effect was occurring in 
the E-layer of the ionosphere; that is, the modulation of 
the Luxembourg programme was being impressed on the 
reflecting region, and thence transferred to the reflected 
'wanted' signal (Fig. 1). The terms 'wanted' and 
`unwanted' refer to the tuning of the receiver, and not to 
any listener-research rating. Tellegen also observed the 

By Quantum 

effect with many other 'wanted' transmissions passing 
over the high-powered Luxembourg station, ranging 
from Radio Paris, 1725 m to Frankfurt, 259 m. Subse-
quent progress in the study of this effect is signposted by 
a number of communications to Nature between the 
years 1933 and 1951, from L. G. H. Huxley, J. A. 
Ratcliffe, V. A. Bailey and M. Cutolo. 

Conditions in the E-layer of the ionosphere, at which 
medium-wave radiation is reflected, are fairly well 
understood. The average height is about 120 km, and the 
lower limit about 90 km. The pressure is a fraction of a 
millimetre of mercury, ionization (chiefly due to solar 
ultra-violet radiation) gives about 105 free electrons per 
cc, and the mean free path of an electron between its 
thermal-agitation collisions with other particles is of the 
order of a centimetre or so. The value of the total 
intensity of the earth's magnetic field, which of course 
varies from place. to place and is less than at the earth's 
surface, can be taken as about 0.48 oersted. The E-layer 
was pretty well explored over thirty years ago by Apple-
ton and Barnett, but the only way in which the magnetic 
field entered into their echo-sounding work was in the 
polarization of the reflected waves. Indeed, it does not 
have much to do with the Luxembourg Effect either in 
the ordinary way, for this is simply a matter of sheer 
power. Even at E-level distances, a station radiating at 
between 100 kW and 200 kW can convey sufficient 
energy to individual free electrons to modify their paths 
between collisions, and cross-modulation occurs because 
the radiation of the wanted station is being reflected 

WANTED 
STATION 

UNWANTED 
STATION 

RECEIVER 

Fig. 1. Illustrating the Luxembourg Effect. Transmission from the wanted 
station to the receiver is modulated during reflection at the E-layer of the 
ionosphere. The wavy line represents the modulation of the unwanted station 
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through the agency of electrons which are dancing to a 
modulated pattern instead of being really free. This is 
not a resonance effect, and occurs with any 'unwanted' 
station of any wavelength provided it is sufficiently 
powerful. But there is one particular frequency, which 
depends on the local value of the magnetic field, at which 
electron cyclotron resonance can occur; this resonance 
frequency is called gyrofrequency, and it turns out to be 
about four times the frequency of Radio Luxembourg. 
This is a completely different kind of effect, for it means 
that resonance absorption of power on a large scale 
should be possible if only it can be got up to the E-layer. 

The Gyrofrequency 
In space, an electron of mass m and charge e moving 

with speed y at right angles to a field of strength H will 
describe a circular path of radius r, where 

mv2 
—= I.LoHev, 

if all quantities are measured in the same consistent unit 
system. Usually, one finds this written in c.g.s. terms, 
with H in oersteds, ¡to equalling 1, and e expressed in 
absolute electrostatic units, when the velocity of light c is 
needed as a conversion factor. With these replacements, 
then, 

mv2 Hey 
- = 

Now, if the electron goes on describing its circular 
path, the angular frequency w is vir, so that w = Helmc; 
and the frequency of revolution f is (.0127r, whence 

He  

f  = 2irmc 

Taking H to be 0-48 oersted, and using the other 
values e = 4-8 x 1010 e.s.u., m = 9 x 10-28 gm, c 
3 x 1010 cm/sec, thenf works out to be nearly 1-2 x 106 
c/s, and the corresponding wavelength about 250 metres. 
The value off varies from place to place. 

In 1937, V. A. Bailey calculated that an 'unwanted' 
station operating at or near the local gyrofrequency 
should give a cross-modulation many times stronger than 
would normally be expected, due to resonance absorp-
tion; and experiments showed that resonance did indeed 
occur, and suggested that powers as low as 1 or 2 kW 
might suffice to give detectable cross-modulation. Cutolo 
was able to confirm this experimentally in 1947. 

Bailey's 1938 Paper 
"On Some Effects caused in the Ionosphere by 

Electric Waves—Part II" is the formal title of V. A. 
Bailey's very sprightly contribution to Phil. Mag., March 
1938. First, he develops the mathematical theory of the 
absorption of energy by free electrons from radio waves 
at frequencies round about the local gyrofrequency, and 
calculates an "index of interaction" expressed as N y Fy, 
where N is the number of free electrons per cc, y the 
collision frequency, and ii the average energy lost by an 
electron at each collision. The calculated results for 
various depths of penetration into the E-layer are shown 
in Fig. 2. For a 5-km penetration, to use his own words, 
"the resonance curve changes from the dromedarian 
type to the bactrian type". In 1949, using a 3-3-kW 
transmitter of Radio Italiana at Florence as the 'un-
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Fig. 2. Resonance curves calculated for the index of gyro-interaction at 
frequencies in the region of the gyrofrequency, taken from V. A. Bailey's 1938 

Phil. Mag. paper 

wanted' station, Cutolo was able to obtain results of this 
type, thus confirming Bailey's calculations. 
But the part of the paper that is most relevant to the 

present article is at the end, where he speculates on the 
possibility of generating light in the E-layer. The gyro-
interaction, if it supplies sufficient energy between 
collisions to the electrons, should enable them to cause 
the molecules they strike to emit light, or fresh electrons, 
or both. In some ways this resembles Townsend's 
electrodeless discharge, and there is some good solid 
Townsend stuff behind the calculations. He finds that it 
would take 2 x 105 kW to give general illumination in 
the E-layer by gyrofrequency radiation broadcast 
generally. But, if beamed using an array of 800 half-wave 
aerials, the Moscow 500-kW station should be able to 
manage it. Droitwich with 150 kW and a mere 2,700 
aerials could also do it. The resulting brightness, over 
an area 20 km x 9 km would be about 4 x 10-7 candles 
per sq. cm, which is 50 times as bright as the night sky, 
and would be easily visible. The illumination at ground 
level would be 4 x 10-5 lux, which is much smaller than 
the minimum of 0-22 lux needed to light roadways. 
Coming down to this practical application, stepping up 
the power by a factor of 10 would indeed give 0-22 lux 
over an area of 10,000 sq. km. Expensive, no doubt, but 
possibly a good deal pleasanter than the odds and 
sodiums we collide by nowadays. Remembering again 
that all this was in 1938, and that in the succeeding years 
radio research was concentrated in completely different 
channels, it is interesting to speculate what might have 
happened. Should we by now be buying a combined 
radio, television, and night-driving licence from the 
Postmaster-General ? 

Conclusion 
I said at the start that I could not quite follow the 

account of Cutolo's recent experiment. It is true that 
this explains quite clearly what has happened—the 
production of a Bailey glow in a closed vessel; and it is 
helpful in the references provided. But it does not say 
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how the ionization was done (though this would be a 
relatively simple matter), and it does not say anything 
about the magnetic field surrotInding the vessel. 

Apparently, the 250-m range was deserted and v.h.f. 
radiation in the one to ten-metre range used; the 
photograph of the 7-kW transmitter certainly shows that 
kind of aerial set-up. In this case, to get a gyrofrequency 

in the v.h.f. region, there must have been a magnetic 
field of the order of 10 to 100 oersteds. You may feel that 
it is unwise, and almost unprofessional, to comment on 
an incomplete account of work in progress; but I felt I 
could not let this rest until I had found out a little more 
about it, and sorted out the general background of the 
work. 

Parallel- Plate Transmission Lines 

and Equivalent Radiators 

By A. B. HiIlan, M.Eng., A.M.I.E.E.* 

SUMMARY. The connection between parallel-plate transmission lines and equivalent radiators which have at least one infinite 

dimension is discussed. Calculation establishes that there is an exact correlation and demonstrates that in the case of an infinite plane 
&rotational current sheet there are no induction .field terms, the radiated field being a faithful reproduction of the current density in 
the sheet. 

his article arose from a desire to resolve an apparent 
anomaly in the connection between the behaviour of 
parallel-plate transmission lines when working in the 
TEM mode and their equivalent radiators. 
When a plane TEM wave propagates along a parallel-

plate transmission line, it is clear from considerations 
involving the method of images that the wave is a slice 
from an infinite plane wave, the depth of the slice being 
determined by the separation of the parallel plates. The 
source of the wave propagated along this transmission 
line can be regarded as a current sheet across the line 
with an applied electric field of appropriate magnitude. 
The same arguments as before lead to the proposition 
that the infinite plane wave is the radiation field from an 
infinite current sheet which has the property that the 
current density in the sheet at any instant is imotational. 
The apparent anomaly arises from the fact that the 

parallel-plate transmission line will propagate TEM 
waves which are an arbitrary function of time and, in 
particular, will propagate a step-function faithfully. On 
this basis, the above argument leads to the assertion that 
an infinite current sheet, in which the current density at 
any moment is constant over the sheet, will radiate a 
TEM wave having a waveform which is the time 
variation of the current density in the infinite sheet. In 
particular, if the time variation of the current density is 
a step function, the radiation field should be a step-
function TEM wave. 
The common radiation formulae lead to a usual 

The Atomic Weapons Research Establishment, Aldermaston. 

supposition that radiation fields depend essentially on a 
time rate of change of current in the radiator. For 
example, the usual formulae for the field of a current 
element can be readily extended from the particular 
case of a sinusoidal time variation to that of an arbitrary 
time function to give the following results: 

He Idl sin Or Df (t') f(e) 
L rc r2 

-I- - 

He = H,• = 

E 4, - 

Ea — Idl sin Or Df (t') + f (t') + D-If (e)1 
4rrE0 L rc2 r2c r3 

Er = 21d1 cos orf (e) +D-If (t,)] 
+we° r2c 7.3 j 

where If(t) represents the current in the element dl, 

(1) 

t' (t — 

d 
Df (e) on71tfn 

and D-lf(e) on f f(e)dt. 

It will be noted that the radiation-field term involves 
the time differential of the arbitrary waveform. From 
this, it may be argued that it is difficult to see how any 
conceivable radiator could radiate a waveform such as a 
step function faithfully. 

Moullinl has previously briefly considered the radia-
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tion from such a current sheet for the case of a sinusoidal 
time-variation, as an extrapolation from an earlier 
calculation of the field from an infinite wire. This 
treatment does not bring out clearly the relevant 
property of an infinite current sheet, so it was decided 
to make a direct calculation of the radiation field from 
the sheet when a current having a non-sinusoidal time 
variation is impressed. For the purpose of the calculation, 
a step-function of current was chosen for two reasons: 

(a) The calculation for this particular case is par-
ticularly simple. 

(b) The consideration of the field at a time t 
approaching infinity gives the radiation under 
quasi-static conditions. 

This article sets out the calculation and also includes 
the corresponding calculation for the case of an infinitely 
long current filament in which the current at any moment 
does not vary along the length of the wire. 

The Radiation Field of an Infinite Current Sheet 
The concept of an infinite plane current sheet in 

which the (finite) current is irrotational does not violate 
fundamental physical concepts. The effect of the end of 
the sheet can be neglected since the accumulated charge, 
being finite at a finite time, has a negligible influence. 
The electric field is most easily calculated from the 
usual formula 

E — grad. V .. (2) 

where, in this case, grad. V is zero because of the con-
siderations outlined above. 
The current in the sheet is taken to start suddenly at 

time t = 0 and to persist indefinitely thereafter at a 
surface density of J amperes per metre. In order to 
calculate the magnitude of the electric vector E at an 
arbitrary point P in space, it is necessary to derive the 
rate of change of the delayed vector potential A. From 
Fig. I it will be seen that at an arbitrary time t, the magni-
tude of A will be determined by the contributions of the 
current moments within a circle of radius z. In a further 
time interval St, the magnitude of A will be increased by 
the contributions of the current moments in the annulus 

Fig. 1. Elementary annulus of infinite plane irrotational current sheet 

of radial width Sz. Taking the plane of the current sheet 
to contain the Z and Y axes of a co-ordinate system, as 
shown in Fig. 1, consider the contribution from that part 
of the elementary annulus at a distance y. This contri-
bution is 

2( 1 .18,81 

r ) 

8z  
Since 81 = and Sy =-

cos 0 

from the annulus is 

Z cos 

-07/2 

SA = 1 Jzazic/0 = Jz8z 
2rf r 2r 

- 7T/2 

80, 

r r . 
Since Sz --= - Sr =- -cSt, it follows that 

JcSt 
SA = - 

2 

Jc 
Ez = —µ.0-

IIoJ 
- 

2 

where no is the intrinsic impedance of free space. 
From equation (4), 

Jct 
A = —2 + constant .. . (6) 

Since, at a distance x from the sheet, A must be zero 
when ct x the constant is readily evaluated and Equ. 
(6) becomes 

J(ct — x) 
A = 

2 

Hy = curly A 

the contribution 

• (3) 

. (4) 

• (5) 

From equations (5) and (8) it is clear that a time-
independent electromagnetic field, starting at time t = 0, 
propagates into the semi-infinite volume on each side of 
the sheet. Because of this fact the Poynting power density 

e2) is half the power density in the sheet The radiation radiation resistance of the sheet is 72° = 60-yr ohms. 

2 

The Radiation Field of an Infinite Wire 
It is of interest to calculate the radiation from an 

infinite wire carrying a current which at any moment is 
constant along its length, since this is the equivalent 
radiator for a disc transmission line carrying a cylindrical 
wave. 
The time variation of current in the wire is taken to be 

a step function commencing at t = O. As before, the 
electric vector is calculated from the formula 

• • (9) 

Referring to Fig. 2, in a time interval St the increase in 
A at a point P is due to the contribution from two current 
elements of length Sz. 
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SA = 2( I ISz 

•t1-71. r ) 

Since r = ct and z = Vr2 — p2, Equ. ( 10) can be 
re-written as 

SA 1  lc  

St = 27r Vc2t2 — p2 

E 11°   27r Vc2t2 — p2 . . (12) z  

From equation ( 11), 

A Ic i — 
2rr-1/4 dt 

2t2 — p2 

I , 
= — loge .1/42g2 p2 + constant ( 13) 

2ir 

As before, the constant is evaluated by the condition 
that A = 0 when ct < p, giving 

A = loge 
/ {ct Vc2t2 — p2} 

.. (14) 

= curl A 

ct  
=   . . (15) 

z7rp Vc2t2 p2 

. . (10) 

Equations ( 12) and ( 15) show that as t approaches 
infinity, the field vectors decay to the values normally 
derived in the static case; i.e., 

E 

= 
27rp 

If attention is fixed on the vectors at a particular 
distance d behind the wave front, their values are given 
by the condition 

• (ct — p) =-- d . . 

In this case Ez and Ho may be rewritten as 
• — no/  

27rVd(2p + d) 

I (p d)  

27r p Vd(2p + d) 

When p» d (and hence ct d), 

— nol  E 
27r V2 pd 

= 
2ir•Vr ei 

The radiated power from a length z of the wire is 
obtained from Equ. ( 18). 

no/2 
Radiated power = 477.22pd X 27rpZ 

,opz 
-=- "t4ird .. ( 19) 

Radiation resistance per unit length of wire 

no 30 
= —4rd —d ohms/metre .. (20) 

From equation ( 17), when p = 

.. ( 16) 

. . ( 17) 

approximately .. .. ( 18) 

— nos E z —   . . 
27rd 

.. (21) 

Fig. 2. Part of infinite-wire 
radiator 

This means that the power leaving a length z of the 
wire is twice that calculated as the radiated power 
[Equ. ( 19)]. This difference in power is stored in the 
energy of the induction field, in this case the magneto-
static field which remains as time t approaches infinity. 

The Disc Transmission Line 
The disc transmission line is formed by placing two 

parallel conducting plates perpendicular to the Z axis 
of Fig. 2 and energizing it by the intercept of the current 
filament along this axis. 

If the separation between the plates is z, the para-
meters of the transmission line are as follows: 

Ear r p 
Distributed capacitance =---

.. (22) 
i Distributed inductance = Loz — 
27rp 

Writing equations ( 12) and ( 15) in terms of the line 
voltage v and current i gives 

v noz 
2ir Vc2t2 — p2 

ct 
i = I 

Vc2t2 — p2 

The differential equations governing the 
transmission line may be written as follows: 

— E027r p 
= 

z 

by — izoz  
'bp = 27rp'bt 

It can be verified readily that the formulae from Equ. 
(23), which were derived from the equivalent radiator, 
satisfy the disc transmission line equations (24). 

.. (23) 

lossless disc 

. . (24) 

Conclusion 
It is deduced that an infinite plane irrotational current 

sheet has the ability to radiate a plane TEM wave which 
is a faithful reproduction of the time variation of current 
in the sheet. This has been demonstrated for the par-
ticular case of a step function, but can be taken as 
applicable to an arbitrary time function since the latter 
can be regarded as the superposition of a suitable series 
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of step functions. Thus there is no anomaly in the be-
haviour of a parallel-plate transmission line carrying a 
plane TEM wave as compared with the behaviour of its 
equivalent radiator. 
As an additional exercise, the equivalence between a 

disc transmission line and the radiation from an infinite 

current filament has been demonstrated. It is noted that 
this radiator is unable to radiate a faithful reproduction 
of an impressed step function of current. 
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MATHEMATICAL rfOOLS By Computer 

Relative Merits of Alternative Methods of Extracting 

Roots and Solving Equations 

In the March issue of Electronic & Radio Engineer, Mr. 
D. T. Broadbent drew attention to an alternative 
method of extracting roots based upon a note by 
Mr. W. B. Jordan in Mathematical Tables and Aids to 
Computation (July 1951, Vol. 5, p. 183). He rightly 
pointed out that in some respects Jordan's method was 
superior to that given in "Mathematical Tools" of 
January 1958. 

If we wish to understand the essential nature of an 
object or an abstract idea, comparison with something 
similar but not identical is often extremely helpful. 
Similarities and differences are easily seen, whereas 
much of the essential nature of a single object or idea 
is taken for granted. In this article, we therefore com-
pare Jordan's method with those given in earlier 
"Mathematical Tools", both for extracting roots and 
more generally for solving equations. But first, Mr. 
Broadbent ought to be warmly thanked for providing 
the basis of comparison. It is very much to be hoped 
that he will be the first of many who, by bringing 
alternative methods to the notice of readers of Electronic 
& Radio Engineer, will significantly add to their know-
ledge and understanding. 

In choosing a method for inclusion in "Mathematical 
Tools" where alternatives are available, it has been 
assumed that simplicity is the prime consideration, 
rather than speed. The object has been to enable an 
engineer to carry out a necessary computation which 
he could not otherwise carry out at all, to bring to his 
notice obvious and widely-applicable labour-saving 
devices, and to increase his self-confidence where 
computation is concerned. If an engineer is spending 
say 5% of his time computing, and takes twice as long 
as he need, the loss is not serious; the position is quite 
different in the case of anyone whose main occupation 
is computing. In the latter case, where a calculation 
may have to be repeated hundreds of times, any process 
which saves time on each step is worth serious con-
sideration. 
Mr. Jordan's method amounts (as pointed out by 

Mr. Broadbent) to saying that if yi is an approximation 
to a root of an equation F(y) = 0, then 

2 F(yi) F'(yi)  
Y2 = Yj — 2 {F'(y2)}2 — F(yi)F"(yi) 

is a much better approximation. In ( 1) F' (yi) means 
the derivative of F(y) when y = yi and F"(yi) means 
the second derivative, also with y replaced by yi after 
differentiation. There is little restriction upon the 
nature of F(y), except that it must be continuous, and 
differentiable at least twice, in the neighbourhood of 
its zeros. If ( 1) is used for finding fl../N, F(y) is yn — N, 
but ( 1) can be used also when F(y) is any polynomial. 
It can even be used when we are seeking complex 
roots of algebraic equations, for F(y) F'(y), {F' (y)}2 and 
F(y) F"(y) are then all polynomials in y. If we 
require their value when y = a -I- bj, we divide by 
(y2 —2ay -F a2 b2) and put y = a ± bj in the (linear) 
remainder, as mentioned in last May's "Mathematical 
Tools". 
The reason why y2 is a better approximation than yi 

is fundamentally geometrical, when yi and y2 are real. 
Equation ( 1) is essentially an improvement of Newton's 

Fig. 1. The geometry of Newton's approximation 

• • ( 1) 

z=F(Y) 
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method of saying that a better approximation than yi 
to the zero yo of F(y) is 

F(y1) 
Y3 = - • • r ( Y1) • • .. (2) 

In Fig. 1, 0 is the origin and 0y, Oz are rectangular 
axes; the curve is z = F(y). The true zero of F(y) is 
represented by the point A with co-ordinates (yo, 0) 
where the curve crosses the y-axis. The improved 
approximation y3 is obtained by finding where the 
tangent PQ to the curve at the point P meets Oy; P is 
the point whose co-ordinates are [ji, F(yi)], associated 
with the initial approximation y. Now the main 
error, represented by AQ in Fig. 1, introduced by 
Equ. (2) is due to the curvature of z = F(y). The 
object of Equ. (1) is to "straighten out" this curvature. 
Equ. ( 1) is obtained from Equ. (2) by replacing F(y) 
by G(y) where 

G(y) = F(Y)/{F"(Y)} • • • • (3) 

G(y) in (3) has the same zeros as F(y), but has zero 
curvature at each of them. 

Clearly, if the slope of the line PQ is small, it will be 
difficult to determine Q accurately and QA may be 
large. ( 1) will therefore not be very satisfactory for an 
equation which has equal or nearly equal roots. Such 
roots are not common in practical equations of degree 
not exceeding 7, though in equations of high degree, 
say 12 or more, they often do occur. Hence, for the 
equations likely to occur in electrical engineering, 
(1) must be regarded as obviously worth trying. Once 
ji is close to yo, y2 obtained from ( 1) will be very close 
indeed when nyi) is not unduly small. 
A disadvantage of ( 1) for a general equation of 

degree n is that the numerator and denominator are 
respectively of degrees (2n-1) and (2n-2) whereas, 
with the Lin method, given in "Mathematical Tools" 
of February and March 1957, all manipulations consist 
of divisions of the original polynomial of degree n by a 
linear or quadratic expression. This disadvantage, 
however, does not apply in the case of square-root 
extraction cited by Mr. Broadbent, for then F(y), F'(y) 
and F(y) are all very simple expressions, as they are 
when a cube or higher root is extracted. 
On the other hand, it is sometimes necessary to 

derive a square root to accuracy only slightly greater 
than that easily obtainable by means of slide rule or 
tables. If a is the approximation and it is divided into 
N whose square root we require, the result Nla of the 
division is on one register of the calculating machine, 
while a is on another; their averaging to obtain a better 
approximation to VN can be done mentally, whereas the 
application of Equ. 
(1), though straight-
forward, does involve 
a separate calculation. 
This will give .‘/N to 
an unnecessarily high 
degree of accuracy, and no advantage can be gained 
with the excessive accuracy. 
We shall now consider a number of examples which 

have already appeared in "Mathematical Tools", and 
apply ( 1). Comment will be purely explanatory, so that 
the reader is left free to choose the method he prefers. 
This choice is partly subjective-a matter of temperament. 

Example 1. Extraction of V2 with 1.4 as starting 
approximation. This was discussed in "Mathematical 
Tools" of January 1958. Two applications of the 
averaging process there used gave 1.414213565, whose 
square is 2 + 7 x 10-2. The first application of ( I) 
gives (using Broadbent's simplification) 

, L2 ± 3N 7.96 
y2 = yi x + N  - I 4 x = I - 4142132 

the square of which is 2 - 1 x 10-6. 
Example 2. Extraction of 6V800 starting with 3. A 

result 3.046834, in error by about 1 in 106, was obtained 
from two applications of the process given in the 
January 1958 "Mathematical Tools". The first appli-
cation of ( 1) withyi = 3 gives 

Y2 

, 2 (y16 -800)  1 
= [i 7)116+5 x 800j 

142 1 
3 ri ± 

9103j 

= 3.046798. 
Example 3. Solving the cubic equation 

F(y) = ( y+1.5) (y+4.5) (y + 12) 

=y3+18y2 + 78•75y + 81 = 0 

starting with ji = - 1.7. This was discussed in the 
February 1957 "Mathematical Tools". We find from 
Equ. ( 1) 

2 x (-5. 768) x (26.22)  
Y2 = - 1.7- 2 x 687.4884 -( -5.768) x (25.8) 

- 1.5015 
Example 4. Solving the equation F4(y) = 0 where 

F4(y) y4+ 3y3-1-12y2+ 1 ly+9 = (y2+y+1) (y2+2y+9) 
starting with the quadratic-factor approximation 

y2+ 0.92y + 0.75 

This was discussed in the March 1957 "Mathematical 
Tools". Using ( 1) with ji = - 046 + fV0•5384 
= -0.46 + 0.733757j, we have 

F4(y) = (y2 + 0.92y + 0.75) (y2 + 2.08y + 9.3364) 

+ 0.850512y + 1.9977 

F4(yt) = 1.9977 + 0. 850512 (-0•46 + 0.733757j) 

= 1-606464 + 0.624069j 

F'4(y) = (y2 + 0.92y + 0.75) (4, + 5.32) 

+ 16.1056y + 7-01 

F'4(yi) = 7.01 + 16.1056 (-0.46 + 0.733757j) 

= -0. 398576 + 11•817597j 

F"4(y) = 12 (y2+ 0.92y + 0.75) + 6.96y + 15 

F"4(yi) = 15 + 6.96 (-0.46 + 0.733757j) 

11.7984 + 5.106949j 

so that. 

2 ( 1.606464+0.624069j) (-0.398576+11-817597j) 
Y2 = 

2{-139. 496736 -9 • 420421j} -{1 606464 + 0.624069j} { 11 • 7984+5.106949j} 

= - 0.49901 + 0.86544j 

and the corresponding quadratic factor is 

y2 + 0.99802y + 0 • 99800 

which has errors only in the third significant figure. 
Example 5. Solving the equation 

F5(y) = y4 + 4y3 + 8y2 + 8y + 3.99 = 0 

which was discussed in the "Mathematical Tools" 

174 Electronic Ce Radio Engineer, May 1958 



of March 1957. If the number term is raised to 4, 
F5(y) would become (y2 + 2y + 2)2, so we are dealing 
with a case of nearly equal roots. In the March 1957 
"Mathematical Tools", it was suggested that the 
presence of equal or nearly equal roots can be suspected 
by applying the "H.C.F. process" to F5(y) and F5'(y), 
and that this indicates that (y2 + 2y + 1.99) is nearly 
a repeated factor of F5(y). We therefore apply ( 1) with 
yi = — 1 + j V0.99 or — 1 +0.994987j in an explor-
atory manner. We find, proceeding as in Example 4, 

F5(y) = (y2 + 2y + 2)2 —0-01 
F'5(y) = 4(y + 1) (y2 + 2y + 2) 
F#5(y) = 12(y + 1)2 + 4 

and yi + 1 = 0.994987j; yi2 + 2y1 = — 1-99, so that 
F5(yi) = —0.0099; F'5(yi) = 0.0397995j; F"(yi) 
—7.88 whence, from equation ( 1), y2 = — 1+0:98728j. 
Continuing the process defined by equation ( 1) with y2 
instead of yt, we obtain as our, next approximation 
y3 = — 1 ± 0 96696j, and repeating the process 
twice more gives y4 = — 1 + 0-94968j and y5 = 

—1 + 0.948683j, the last being a root of F5(y) = 
correct to six places. 

It thus seems to be roughly true that two applications 
of the root-extraction process suggested in the January 
1958 "Mathematical Tools" are equivalent to one of 
the Jordan process [Equ. ( 1)], and the same two-to-one 
ratio seems also to hold when equations have to be 
solved. The "Mathematical Tools" processes for 
solving equations, however, are confined to algebraic 
operations on the original polynomial, and it is not 
normally necessary to obtain its derivatives or their 
numerical values at particular points. Example 5, 
however, was deliberately chosen to be unfavourable 
to the Jordan process, which has given an accurate 
result after four applications. Any process for solving 
equations with equal or nearly equal roots involves 
consideration of F'(y) as well as F(y), and we took as 
our starting-point the factor y2 + 2y + 1.99 in 
Example 5, derived by using the "H.C.F. process". 
Without this favourable start, a solution would have 
been difficult to obtain by any method. 

Stagger- Tuned Band- Pass Amplifiers 

DESIGN FOR PRESCRIBED OVERSHOOT 

By Yona Peless*, M.S.E.E. 

SUMMARY. A procedure for designing band-pass amplifiers having specified gain, overshoot and either bandwidth or rise time 
is given. The design is limited to the narrow-band case and is based on the theory of transitional Butterworth- Thomson networks 
developed in an earlier paper. Detailed data covering single-tuned cascades consisting of five stages or less is included. 

In a recent papen l the theory of transitional Butter-
worth-Thomson (t.b.t.) filters and band-pass amplifiers 
was established. It was there pointed out that the 
maximally-flat amplitude (m.f.a.) network has a step 
response with a relatively fast rise but substantial 
overshoot; the maximally-flat envelope delay (m.f.e.d.) 
network on the other hand has a slower rise coupled 
with smaller overshoots. The t.b.t. network was shown 
to have steady state and transient characteristics which 
may be made to lie between, or beyond, those of the 
m.f.a. and m.f.e.d. networks. This leads to the possi-
bility of a systematic procedure for exchanging band-
width for overshoot. The purpose of this paper is to 
present such a straight-forward procedure for the 
design of band-pass amplifiers for specified gain, maxi-
mum permissible overshoot, and either a specified 
bandwidth or rise time. 

• The Moore School of Electrical Engineering, University of Pennsylvania, Phila-
delphia, Pennsylvania, U.S.A. On leave of absence front the Israel Institute of 
Technology. 
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Design for Specified Bandwidth 

It was shown in reference I that the gain-bandwidth 
factor2 (g.b.f.) of a t.b.t. band-pass amplifier is equal to 
2•77.B' where B' is the 3-dB normalized bandwidth, and 
the normalization is carried out so that 2i-B' = 1 for 
m.f.a. networks. Hence 

G zing 
(g.b.f.) — girt/27,C — . (1) 

now define the 'bandwidth factor' as 

P gm/2eC • 

We therefore have 

. (2) 

20 logio G = Gdg = 20n logio (2/B') —20n logio P (3) 
where n is the number of stages, gm and C the mutual 
conductance of the valve and the interstage capacitance. 
G and B are the total gain and overall 3-dB bandwidth 
of the amplifier respectively. 

Equation (3), plotted on a logarithmic scale for p and 
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TABLE 1 

Normalized Bandwidth, Rise- Time and Overshoots of T.B.T. Networks 

n m ..--. -- 0-2 0 0.2 0.4 0.6 0.8 1.0 1.2 

2 2wir 1.054 1 0.949 0.902 0.859 0.820 0.786 0-756 
T' 2.04 2.15 2.27 2.39 2.50 2.62 2.73 2.84 
y?i, 5.91 4.3 3.04 2.07 1.32 0.79 0.43 0.21 

3 2me 1.064 ' 1 0.933 0-868 0.810 0.756 0.712 0.671 
T' 2.16 2-29 2.44 2.59 2.74 2.90 3.07 3.23 
y% 11.1 8.15 5.74 3.87 2.45 1.43 0.75 0-30 

4 27rB' 1.064 1 0.924 0.845 0-774 0.712 0.659 0.617 
T' 2.29 2.43 .2.59 2.77 2.95 3.14 3.36 3.53 
y% 14.9 10.9 7.58 5.01 3.12 1.75 0.83 0.29 

5 277•B' 1.064 1 0.916 0.824 0.740 0.671 0.617 0.572 
T' 2-40 2.56 2.74 2.94 3.15 3.36 3.58 3.81 
y% 17.6 12.8 8.82 5.71 3.46 1.83 0.75 0.18 

linear scale for G measured in dB is a straight line.* 
Using the values for 2/7B' given in table 1 the curves 
for n = 2, 3, 4 and 5 were plotted in Fig. 1, the para-
meter being the percentage of overshoot y. The para-
meter m indicated on the lines varies the location of the 

* This graph is similar to one used for m.f.a. by B. A. Wightman3. 
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Fig. 1. Relation between 
gain and bandwidth factor 
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8  
BANDWIDTH FACTOR A - gm/2 irc 

7) = 3 

= 2 

n=1 

poles of the transfer function. For the 
m.f.a. filter m = 0 and for the m.f.e.d. filter 
m 1. Given the overall desired band-
width B we may find /3 for the chosen valve. 
The values of G and 13 determine a point 
on Fig. 1. If the overshoot corresponding 
to a line that passes near this point is too 
large, a line corresponding to a greater 
number of stages and less overshoot may 
be found in its vicinity. By the use of 
Table 2 the location of the poles of the 
transfer function corresponding to the 
selected m and n may be found. 
The elements of the tuned circuits 

may then be computed by the use of 
the following equations': 

1  
p'k = 27r -2 (cric jcok) 2B' j 27rfo 7r 

13 

=  Jo + 2 wk 274r 

bk =   
27rB' ak) 

Lk -- (27/ 'k)2C 
1 

018% 7» '" 1-2 

  0-75 _   1.0 

3-46 .  

  5-71  0-4 

  8-82  .0-2 

12-8   0 

_ 17-6  -0-2 

7,- 5 

and 

Rk = 
C (-ak) B 

B' 

(4) 

(5) 

(6) 

(7) 

(8) 

where 

p'k is the location of the kth pole of the 
amplifier's transfer function. 

ak and cok are the real and imaginary 
parts of pk given in Table 2. 
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Fig. 2. Relation between gain and 
rise factor 
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Jo is the centre frequency of the amplifier. 

bk is the 3-dB bandwidth of the kth stage. 

= 2efk. 

Ric are the inductance and resistance 

parallel-tuned interstage network. 

C is the total interstage capacitance. 

7-

20 

n-4 

3 

,.. it- I le rn -0.2 

....8.15 ---------- O 

5-74 0-2 

 0-4 

.2-45   .... 
  .1-43   0.8 

0-75  I 0 

0.30  1.2 

50 100 

y = 5-91% rn = -0 2 
______ 

 3-04  ..0 2 

. . 2-07 0-4 

1-32  0-6 

•.....0-79.._  0-8 

, .0-43  1-0 

Design for Specified Rise Time 

The normalization used in reference 1 leads to the 

following relationship for the low-pass filter: 

of a B' = TB 
where T' is the normalized 10 to 90 per cent rise time. 
T is the actual rise time in seconds. 

TABLE 2 

Location of Poles of TB. T. Networks 

n m - -0•2 0 0.2 0.4 0.6 0.8 1.0 1.2 

2 Pi, Pa -0.6691 -0-7071 -0.7431 -0.7771 -0.8090 -0•83.07 -0.8660 -0.8910 
± jO• 7431 ± JO • 7071 ± j0 • 6691 ± j0 • 6293 ± j0 • 5878 ± j0 • 5446 ± j0 • 5000 ± j0 • 4540 

3 pi -1-0121 -1.0000 -0.9880 -0.9764 -0.9645 -0.9530 -0.9416 -0.9304 

P2, PS -0- 4471 -0.5000 -0.5519 -0.6026 -0.6515 -0.6997 -0.7456 -0.7899 
±j0•8877 ± jO• 8660 ± jO• 8411 ±jO• 8131 ± jO• 7823 ±j0•7481 ± jO• 7114 ± jO• 6717 

4 Pi, Ps -0.3273 -0.3827 -0.4381 -0.4937 -0.5488 -0.6034 -0.6572 -0.7101 
±j0•9328 ± jO• 9239 ±j0•9117 ±j0•8961 ± jO• 8775 ±j0•8553 ±j0•8301 ±j0•8017 

PS, P4 -0- 9264 -0.9239 -0.9209 -0.9175 -0.9136 -0.9094 -0.9047 --0. 8998 
± j0 • 4060 ± j0 • 3827 ± j0 • 3596 ± j0 • 3369 ± j0 • 3146 ± j0 • 2925 -I- j0 • 2709 ± j0 2495 

5 Pi -1.0154 -1.0000 -0-9848 -0-9699 -0.9552 -0.9408 -0-9265 -0-9125 

P2, Ps -0.7975 -0.8090 -0.8195 -0.8289 -0.8373 -0.8449 -0.8516 -0.8574 
±j0•6168 ±j0•5878 ±j0•5587 ± jO• 5297 ±j0•5008 ±j0•4718 ±j0•4427 ±j0•4138 

At, P6 -O- 2544 -0.3090 -0.3641 -0.4205 -0.4767 -0.5338 -.0-5906 -0-6478 
± j0 • 9507 ± j0 • 9511 ± j0 • 9485 ± j0 • 9428 ± j0 • 9342 ± jO• 9221 ± j0 • 9072 ± j0 • 8888 
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For a given bandwidth the band-pass amplifier yields 
only half as much speed as does the corresponding 
low-pass filter. We therefore have: 

T B 
2 • • • • • • • (9) 

hence using equation (2) for B and defining the rise 
factor 8 as 

gin 

2.7rC 

We may now write 

. 277B' 
- 

PIT 
27rB' 

or p - 
/78 • • 

From equations ( 1) and ( 11) 

n 

or GdB = 20 n logio - 20 n log» --- • • IT (12) 

Equation ( 12) gives straight lines on a log-linear paper 
and is shown in Fig. 2 for the same values of m and n 
as in Fig. I. Making use of Equ. (9), Equ. (8) is modified 
to give: 

Rk - T•  1 
2Cr' ( -(7k) 

The design procedure is the same as explained above for 
the case of prescribed bandwidth. 
Example: Design a band-pass amplifier having 80-dB 
gain at the centre frequency 80 Mc/s. The envelope 
rise time should not exceed 0.120 µsec and the overshoot 
should be very small (less than 0.5%). 
Using 6AK5 pentodes with gm = 5 mA/V and inter-

stage capacitance C = 12 pF we find the figure of merit 
of the valve: 

gm 
= 66.3 Mc/s. 

27re 

and as T < 0.12 µsec. 

8 = g -mC T < 7-96 27r 

In Fig. 2, two lines cross the 80-dB gain at values of 8 
a little less than 7.96. One line belongs to the group 
n = 4 with very high overshoot ( 10-9%). The other 
crossing the 80-dB line at 8 = 7.65 belongs to the 
n = 5 group and has very small overshoot y = 0.18%. 
For this line m = 1.2. 

TABLE 3 

.. (13) 

k f'k (Mc/s) bh ( Mc/s) ele 

1 80 9-59 8.36 

8.90 2 82.21 9.01 

3 79.79 9.01 8.90 

4 84.74 6.81 11.8 

5 75.26 6.81 11.8 

Note: If the bandwidth of the amplifier to be designed is given 
instead of the rise time, the procedure is the same except that Fig. 1 
is used instead of Fig. 2.-
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Using Tables 1 and 2 we find: 
211•B' = 0.572; -72 = 3.81 
= -0.9125 

p2; p2 = -0.8574 0.4138 
P4; Ps = -0.6478 ± j08888 

We now find the rise time and bandwidth: 

8 7.65  

gm /27rC - 66.3 Mc/s 115 e4sec 

2T'B' 
B   - 6.01 Mc/s 

T = 

The resonant frequencies of the individual stage f 'k, and 
the 3-dB bandwidths of each stage bk are found from 
Equs (5) and (6) and given in Table 3. The gain 
of each stage at its resonant frequency (gk = gm Rk) is 
also given.* 

• Curves for steady state and transient response of the t.b.t. filters and band-pass 
amplifiers are given in reference 1. 
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Fig. 2. Relation between gain and 
rise factor 
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Jo is the centre frequency of the amplifier. 
bk is the 3-dB bandwidth of the kth stage. 
cok = 277:fk. 
k, Rk are the inductance and resistance 
parallel-tuned interstage network. 

C is the total interstage capacitance. 
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Design for Specified Rise Time 
The normalization used in reference 1 leads to the 

following relationship for the low-pass filter: 
of a = 

where r ' is the normalized 10 to 90 per cent rise time. 
T is the actual rise time in seconds. 

TABLE 2 

Location of Poles of TB. T. Networks 

n m = -0-2 0 0.2 0-4 0-6 0.8 1.0 1-2 

2 Pi, P2 -0-6691 -0.7071 -0-7431 -0.7771 -0-8090 -0•037 -0-8660 -0.8910 
±jø-7431 ± j0•7071 ±j0•6691 ±j0•6293 ±j0•5878 ±j0-5446 ±j0-5000 ±j04540 

3 Pt -1.0121 -1-0000 -0.9880 -0.9764 -0-9645 -0.9530 -0-9416 -0-9304 

P23 P3 -0-4471 -0-5000 -0.5519 -0-6026 -0.6515 -0.6997 -0.7456 -0-7899 
±j0-8877 ±j0•8660 ±j0-8411 ±j0•8131 ±j0•7823 ±j0-7481 ±j0-7114 ±j0•6717 

4 PI, P2 -0.3273 -0-3827 -0.4381 -0-4937 -0-5488 -0.6034 -0-6572 -0.7101 
±j0•9328 ±j0-9239 ±j0•9117 ±j0•8961 ±j0•8775 ±j0•8553 ±j0-8301 ±j0-8017 

193, 1,4 -0-9264 -0.9239 -0.9209 -0-9175 -0-9136 -0.9094 -0-9047 -0.8998 
± jO• 4060 ±j0-3827 ± jO• 3596 ± jO• 3369 +j0-3146 1 jO• 2925 ± jO• 2709 ± j0 2495 

5 Pi -1-0154 - 1- 0000 -0.9848 -0.9699 -0-9552 -0-9408 -0.9265 -0.9125 

P2, PS -0' 7975 -0-8090 -0.8195 -0-8289 -0-8373 -0.8449 -0-8516 -0-8574 

±i0-6168 ± j0•5878 ±j0-5587 ± j0-5297 ±j0-5008 ±j0•4718 ±j0•4427 ± jO• 4138 

Pt, Ps -0.2544 -0.3090 -0.3641 -0-4205 -0.4767 -0.5338 -0.5906 -0-6478 

±i0-9507 ±j0-9511 ±j0-9485 ±j0•9428 ± j0•9342 ±f0-9221 ± j0•9072 ±i08888 
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For a given bandwidth the band-pass amplifier yields 
only half as much speed as does the corresponding 
low-pass filter. We therefore have: 

T . B 
2 • . 

hence using equation (2) for B and defining the rise 
factor 8 as 

gm 

2irC 

We may now write 

. 277•B' 

fir 

. 277.B' 
or /3 = 7r8 • • 

From equations ( 1) and ( 11) 

G --1r8,1 n 
L T j 

•• (9) 

or GdB = 20 n log10 8 - 20 n legio -7r .. ( 12) 

Equation ( 12) gives straight lines on a log-linear paper 
and is shown in Fig. 2 for the same values of m and n 
as in Fig. 1. Making use of Equ. (9), Equ. (8) is modified 
to give: 

Rk =   1 (13) 2072 ( - ale) " 

The design procedure is the same as explained above for 
the case of prescribed bandwidth. 
Example: Design a band-pass amplifier having 80-dB 
gain at the centre frequency 80 Mc/s. The envelope 
rise time should not exceed 0.120 µsec and the overshoot 
should be very small (less than 0.5%). 
Using 6AK5 pentodes with gm = 5 mA/V and inter-

stage capacitance C = 12 pF we find the figure of merit 
of the valve: 

gm 
27rC - 66.3 Mc/s. 

and as T 0.12 µsec. 

gm 
8 ==   T < 7-96 

27rC 

In Fig. 2, two lines cross the 80-dB gain at values of 8 
a little less than 7.96. One line belongs to the group 
n = 4 with very high overshoot ( 10.9%). The other 
crossing the 80-dB line at 8 = 7.65 belongs to the 
n = 5 group and has very small overshoot y = 0•18%. 
For this line m = 1.2. 

TABLE 3 

k f'h (MCIS) 

80 

bk (MCIS) et 

1 9.59 8.36 

2 82.21 9.01 8.90 

3 79.79 9.01 8.90 

11.8 4 84.74 6.81 

75.26 6-81 11.8 

Note: If the bandwidth of the amplifier to be designed is given 
instead of the rise time, the procedure is the same except that Fig. 1 
is used instead of Fig. 2. 
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Using Tables 1 and 2 we find: 
27rB' = 0.572; T = 3.81 
pi = -0.9125 
P2; P3 =  -0-8574 j 0-4138 
P4; h = -0.6478 ± j 0.8888 

We now find the rise time and bandwidth: 
7.65  

- 0 115 µsec 
gm/27TC - 66.3 Mc/s 

2 7!B' 
B - 6.01 Mc/s 

The resonant frequencies of the individual stage f 'k, and 
the 3-dB bandwidths of each stage bk are found from 
Equs (5) and (6) and given in Table 3. The gain 
of each stage at its resonant frequency (gk = gmRk) is 
also given.* 

= 

* Curves for steady state and transient response of the t.b.t. filters and band-pass 
amplifiers are given in reference 1. 
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Metal- Flake Artificial Dielectric 
PROPERTIES AT S-BAND FREQUENCIES 

By Shanker Swarup' 

SUMMARY. The validity of the various expressions suggested for the dielectric constant of the obstacle-type artificial dielectric has 
been checked at a wavelength of 14-712 cm. A new expression, which is a modification of the Clausius-Mossotti relation, has been 
suggested for the dielectric constant of metal-flake artificial dielectric. This expression predicts a value of dielectric constant which 
compares very well with the experimental results even for high-volume fractions of the metal flakes. The permeability of the artificial 
medium used here shows a maximum of 1-16 at about 10% concentration of the metal flake in the medium. Such abnormal behaviour 
is due to the presence of small ferrous impurity in the aluminium powder used. 

In connection with microwave optics, the search for a 
medium which would refract electromagnetic waves in 
the same way as glass refracts light waves led to the 
development of two types of material known as artificial 
dielectrics. The principal effect of actual dielectrics on 
electromagnetic radiation is to alter its velocity of 
propagation. An artificial dielectric is a device which 
can simulate this effect. One type consists essentially of 
an array of waveguides within which the phase velocity 
is greater than in free space; the effective refractive 
index is thus smaller than unity. Such a medium was 
developed independently in Britain', Americas and 
Germanys. Artificial dielectric of the second type has a 
phase velocity less than in free space, resulting in a 
refractive index greater than unity. Such a medium was 
first proposed by Kapzov4 as early as 1922; however, it 
was Kocks who put the same idea on a more practical 
and sound basis in 1948. Such an artificial dielectric 
consists of a cubic lattice of conducting elements 
having a size and separation which are small compared 
with the wavelength. A lot of work on this type of 
dielectric has been done by Susskinds, Cohn7, Corkums, 
Jackson and Browns and many others. With decreasing 
wavelength, the metal elements and the spacing between 
them become exceedingly small, with the result that for 
wavelengths less than about 5 cm the construction of 
such a dielectric is impractical. Confronted with these 
difficulties, Carruthers's in 1951 proposed a dielectric 
medium suitable for shorter wavelengths, consisting of 
fine flake-shaped metal particles dispersed randomly 
through a lightweight vehicle. Further research on this 
metal-powder dielectric was continued by Vogann, 
Neugebauerls and Peppiates in Canada; Kelly14 and 
co-workers in America; E. Meyer's and others in 
Germany and Mikaelianls in Russia. 

Similar work on metal-flake artificial dielectric in the 
14-712-cm wavelength region was carried out by the 
author. Fine aluminium flakes were homogeneously 

* Department of Physics, University of Allahabad, India. 

dispersed in paraffin wax and the dielectric property of 
the material was studied by the short-circuited line 
technique. The purpose of this investigation was to test 
the validity of different expressions for the dielectric 
constant of such a medium containing fairly high 
percentages of the metal flakes. Incidentally, the 
polarizability of the particles could also be determined. 

Experimental Technique 
The various dielectric parameters Ke, Km, tan 8d and 

tan 8m of the artificial dielectric were determined by the 
standard shorted-line method in which the input 
impedance of a section of a line filled with a sample of 
the material is measured for two terminations; viz., 
(1) a short circuit and (2) an open circuit. 
The input impedance of the dielectric-filled section of 

waveguide is expressed in the following form]." in terms 
of the reciprocal standing-wave ratio EminlEmaz and the 
position of the first minimum Xo in the standing-wave 
pattern in front of the dielectric. 

Emit,. 277.4 
j tan 

Em(ix Ag  

Zo 1 j Emit' 27rXo   . tan  
Emax Ag 

where Z0 is the characteristic wave impedance in air-
filled waveguide and Z is the input impedance. From 
the values of short-circuit and open-circuit input 
impedance the normalized characteristic impedance and 
propagation constant in the dielectric-filled section of 
the waveguide can be calculated. Finally, the various 
dielectric and magnetic parameters can be evaluated. 
The four parameters are given by the following ex-
pressions. 

A cos (4, ± 8)  
ice — 

B [1 ± (X gl4)2]±  

(A giAe) 2 
AB cos (4) — 0) [1 + (A 6,14) 2] 
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Fig. 1. Schematic diagram of the arrangement for measurement of electric 
and magnetic properties of artificial dielectric in the 15-cm region 

AB  
Km (1 + tan2 Sm )1 

tan Sm = — tan (# — 0) . . 

A sin (qS -I- 0)  

B [1' + (A g/A,)2] 

sin (4, — 0)  

AB [ 1 ± (414)2] 

where A I— O —  V22dird 

j Ag 

• • (5) 

and y2 .---- propagation constant in the dielectric-filled 
section of waveguide. 

B [4, Zoci 
* normalized characteristic 

— ZO ZO 

w'ave impedance of the dielectric-filled section of 
waveguide; Z" and Zo, being the input impedance for a 
short-circuit or an open-circuit termination respectively. 

Fig. 1 shows the general arrangement of the apparatus. 
The microwave power from a signal generator (Hewlett-
Packard Model No. 614A) was first amplified by a 
travelling-wave tube amplifier (Hewlett-Packard Model 
No. 491A) and then fed into the line which consisted of a 
monitoring system, adjustable stub tuners, coaxial 
slotted line and a sample holder. 
The coaxial-line sample holder is terminated in a 

short circuit in order to produce pronounced standing 
waves in the line. The position of a minimum is located 
with the help of a travelling probe in the slotted line. 
The sample is then inserted at the end of the line and 
terminated in a short circuit. The new position of the 
minimum and the reciprocal voltage standing-wave 
ratio are determined. Finally the sample is displaced 
from the short by a distance of A g/4 and the position of 
the minimum and reciprocal v.s.w.rs are again deter-
mined. 

In these measurements, samples of length -8.A gd were 
used; Age being the guide wavelength inside the di-
electric. The values of Ke, Km, tan Se and tan Sm can be 
calculated from the above measurements as indicated 
earlier. 

Preparation of Sample 
Aluminium powder was mixed and thoroughly stirred 

in molten paraffin wax. It was then allowed to solidify. 
The solid mass was scraped into fine flakes and put into 
a deep freeze for some time till it was quite crisp. It was 
then crushed to a very fine powder and desiccated for 
about twenty-four hours. A. suitable jig and die were 

used to prepare the coaxial samples. This process ensures 
samples with homogeneous distribution of aluminium 
powder, as this is an important factor. 
The exact percentage of aluminium in various samples 

was determined by the method used by Vogann. A piece 
of the sample dissolved in liquid paraffin oil was acted 
upon by a solution of KOH. The volume of hydrogen 
generated, which is directly proportional to the amount 
of aluminium, was measured. The necessary calibration 
measurements were also made with known masses of 
aluminium powder. 

Determination of Average Particle Size 
In order to determine the average dimensions of an 

aluminium particle, some photomicrographs (magni-
fication 43.34) of the aluminium powder were taken. 
One of such photographs is shown in Fig. 2. The linear 
dimensions of the aluminium particle were measured 
with the help of a travelling microscope which could be 
read accurately to one micron. In determining the 
average thickness of the particles again, the method 
employed by Vogann was used. A small quantity of 
powder was allowed to form a monolayer film on the 
surface of water contained in a rectangular tank of 
known dimensions. The film was tightened by moving a 
board along the water surface, the board extending to 
the full length of the tank. The average thickness of the 
particle was given by the relation 
Area of film x thickness x specific gravity = mass of 

powder. 

Results 
Figs. 3, 4 and 5 illustrate the experimental values of 

Ke, Km and tan S ( = tan Se ± tan Sm) as a function of 

TABLE I 

Semi-major axis 24.34 micron 
Semi-minor axis 18.10 „ 
Thickness 1.97 „ 

the volume concentration of aluminium flakes in the 
medium. Table 1 shows the experimental values of 
average particle dimensions; the particles were like 
elliptical discs. 

Fig. 2. Photomicrograph of particles of aluminium powder (magnification 
43.34) 
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Fig. 3. Dielectric constant ice, of aluminium flake-paraffin wax mixture as 
a function of the per-cent aluminium by volume 

[Experimental (  ; theoretical as obtained from Equ. ( 11) 

  ) • 

Fig. 2 is a photomicrograph of aluminium flakes used and 
Fig. 6 shows the particle-size distribution. 

Various Theoretical Expressions 

Based upon the classical molecular theory, two 
fundamental expressions can be derived, depending upon 
whether or not interaction is assumed to be present 
between the obstacles of the artificial dielectric. The 
expression for the dielectric constant Ke of the medium, 
after neglecting the interaction, is 

Ke = 1 - - - 

Eo 

where N is the number of particles per unit volume, oc, 
the electric polarizability and €0 is the free-space per-
mittivity. This expression will hold exactly only if the 
spacing between the obstacles is large compared with 
their dimensions. Vogann has tried to justify the 
expression 

(7) 

2(Noc. 
K. = K 

3 E0 
• • (8) 

which has been obtained by taking the case of no inter-
action. 
At high-volume fractions of aluminium, the inter-

action between the obstacles cannot be neglected. Taking 
into consideration this fact, one obtains the Clausius-
Mossotti formula written in a modified form 

p + (2/3) ( Noce/e0)  
L 1 + ( 1/3) (Ncteico)j 

where K is the dielectric constant of the vehicle material. 
Lewin17, using the results of Mie" for the scattering of 

an incident plane-wave by a sphere, has calculated the 
bulk-dielectric constant and permeability of cubic arrays 
of spherical particles in terms of the particle-to-mixture 

e = K 

Nae 

• • (9) 

K„, 

10 f5 

ZP1. BY VOLUME 
20 

Fig. 4. Permeability, Km , cf aluminium flake—paraffin wax mixture as a 
function of per-cent aluminium by volume 

volume and the permeabilities and permittivities of the 
medium and the particle material. His results, when 
simplified, for the case of small spherical conducting 
particles give the same expression as (9) for the dielectric 
constant of the artificial medium. 

Discussion of Results 
Equ. (8), which does not take into consideration the 

mutual interaction of the particles, may predict the 
value of K. for very small values of volume fraction f, but 
in no case can it be applicable for higher volume fractions 
because then the particles are so close together that their 
interaction cannot be ignored. 
The Clausius-Mossotti formula indicates that the 

polarizability of a particle is independent of the number 
of particles per unit volume. However, when the experi-
mental results for aluminium—paraffin wax mixture are 
used to calculate ocelEo from the Clausius-Mossotti 
formula and the results plotted as a function of concen-
tration, the resulting curve is not horizontal even for low 
values off. Kelly14 and co-workers have also found the 
same results with Zn and Al mixtures in paraffin wax. 
We may now conclude from this that even the Clausius-

Fig. 5. Total loss tangent, tan 8, of aluminium fiake-paraffin wax mixture 
as a function of per-cent aluminium by valums 
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Fig. 6. Particle size distribution of aluminium powder 

Mossotti formula is not able to predict the dielectric 
constant in the case of metal-flake artificial dielectric. 

Now consider the Clausius-Mossotti formula 
which can be written also as 

2 oce 
=--- (1 + ) • (1 

3 eo 

(9) 

)-1 
— --N (10) 
3 eo 

Expanding the last factor by the binomial theorem and 
neglecting the cubic and higher terms, we obtain the 
following relation 

Ke 

or, 

=K . [1 + + -2 )2 N21 
co 9\e 

.. ( 11a) 

et f2 

Kg = K .[1 ( 2GC ) • =f-- + (•1 2 • — 7,1 .. ( 11b) 

e0 Vi ve 

where vi is the average volume of the individual particle 
and f is the ratio of the volume of the particles in the 
mixture to the volume of the mixture. 

The above equations ( 11) are found to give a value 
of dielectric constant which compares well with the 
experimental results. This can be seen from Fig. 3. 

As another means of checking, the average polarizability 
of a particle was calculated from the particle geometry 
with the help of the formulae given by Susskind6. The 
particles were considered as thin elliptical discs. The 
value thus obtained is 

cce  
= 0.0861 x 10-6 .. 

eo 

It is the geometric mean of the two values obtained by 
assuming the electric vector to be parallel either to the 
major axis or to the minor axis of the elliptical discs. 

The experimental results were then substituted in 
Equ. ( 11) 'and the value of ice/CO was 'calculated by 
taking the average of the values obtained for different 
values of f. The experimental value of ocefro for the 
aluminium particles used was thus found to be 

. . ( 12) 

oce 
— = (0.0865 ± 0.0060) . 10-6 . .. (13) 

This value is very close to that calculated [vide Equ. ( 12)] 
from the geometry of the particle. 

The excellent correlation between the experimental 
and the theoretical values of Kg or met e° has been obtained 

by using a modified Clausius-Mossotti relation where 
terms containing cubic and higher powers of N are 
neglected._ This indicates that in such an artificial 
dielectric medium it is not possible either to neglect 
completely mutual interaction between the particles or 
to assume as high an interaction as considered by the 
Clausius-Mossotti relation. 

In a purely dielectric medium the permeability is 
nearly unity. The permeability of an artificial dielectric 
medium containing conducting particles will decrease 
because the induced eddy current in the particles will 
produce opposing magnetic fields. The decrease in 
permeability occurs only when the conducting particles 
are aligned perpendicular to the magnetic vector. The 
decrease in the permeability is directly proportional to 
the concentration of the conducting particles because, at 
higher concentration, there are more particles which 
distort the field. 

In the case examined here, it is found that the value of 
Km first increases with concentration, showing a maxi-
mum of 1.16 at about 10%, and then decreases with 
concentration. This abnormal behaviour can be ex-
plained by attributing it to the presence of a small 
ferrous impurity in the aluminium powder used. This 
impurity was detected by a spectroscopic analysis of the 
powder. 

The loss-tangent tan 8, as shown in Fig. 5, is reason-
ably low and increases approximately linearly with the 
concentration of the particles. A detailed analysis of 
these losses has shown that the dielectric loss constitutes 
about 35% of the total loss. 

The studies reported here, apart from their theoretical 
interest, indicate the possibility of having artificial 
media, for use at v.h.f. and microwaves, which can have 
controlled values of permittivity as well as permeability. 
A few such samples are being developed in this labora-
tory. 
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Atmospheric Radio Noise* 
EQUIPMENT FOR THE MEASUREMENT OF AMPLITUDE DISTRIBUTIONS 

By J. Harwood, M.A., Ph.D. and C. Nicolson, B.Sc. 

,SUMMARY. A description is given of equipment used to measure the characteristics of atmospheric noise. The measurements 
relate to the envelope of the noise after passage through a narrow-bandwidth receiver, and the following parameters were recorded: 

(i) the average voltage 
(ii) the average of the parts exceeding a series of voltages 
(iii) the number of excursions per second above these voltages 
(iv) the proportion of time for which these voltages were exceeded. 

A technique used at very low frequencies (10-40 kc/s) to measure the .first three parameters has already been described', together 
with the type of result obtained. More recently, the equipment was redesigned to cover a wider range offrequencies and amplitudes, 
and to introduce a direct measurement of the fourth parameter; this measurement was based on a technique of counting the r.f. cycles 
in the noise waveform at the receiver output. A method of automatically recording the parameters of the noise envelope is described. 

M easurements of the characteristics of atmospheric 
radio noise have been made for several years at the 
Radio Research Station, Slough. Descriptions have 
been published' of a basic technique of measurement 
and of the results obtained at low frequencies, but the 
equipment has not previously been described in detail. 
The measurements relate to the envelope of the noise 
after it has been received on an omni-directional aerial 
and passed through a narrow-bandwidth receiver. At 
the output of the receiver, the noise has been studied 
by recording its intensity and by measuring a number 
of statistical parameters related to its distribution of 
amplitude. 
From 1953 to the present time, the equipment passed 

through various stages of development as techniques 
were improved and as interest was concentrated on 
different parameters of the noise. This development, 
outlined in the next section, may be viewed in two 
stages; first, the production of equipment used during 
the years 1953 to 1955 to measure a set of parameters 
at frequencies between 10 and 40 kc/s, and second, the 
more recent development of equipment for operation 
over a greater range of frequencies and amplitudes, in 
which different techniques were used to measure the 
amplitude distributions. 

1. Survey of Equipment and Measured Para-
meters 
The equipment to be described evolved from 

apparatus designed to measure average voltage; this 
apparatus consisted of a vertical aerial, a 'straight' low-
frequency receiver, and an averaging unit. The 
frequency was restricted to the range 10 to 40 kc/s 
where atmospheric-noise intensities were greatest and 

*Official communication from D.S.I.R. Radio Research Station. Slough. 

station interference was not a serious problem. Record-
ings of the average voltage of the noise envelope, using 
8-second charge and discharge time-constants, provided 
a measure of the noise intensity and its variations. 
Later, to examine the structure of the noise, a simple 
modification was made to the average voltage unit; a 
bias voltage was applied to the detector in this unit so 
that the average voltage could be measured of the 
parts of the envelope which exceeded each of a series 
of threshold voltages (average above a threshold). At 
the same time, shaping circuits and a ratemeter were 
added to count the number of times per second that the 
envelope exceeded each of these thresholds (pulse-
rate). 
With this equipment, incorporating automatic switch-

ing of thresholds, a large number of results was obtained 
at low frequencies. 
More recently, as a result of experience gained in the 

operation of the equipment and analysis of the measure-
ments, important modifications were made. The 
measurement of average above a threshold, which had 
been used mainly to derive the amplitude probability 
distribution by a graphical differentiation process', 
was replaced by a direct measurement of this distri-
bution; the proportion of time for which each of a 
series of thresholds was exceeded (occupation-time) 
was measured by counting with a ratemeter the number 
of r.f. cycles per second which exceeded each threshold. 
The range of amplitude over which the distributions 
could be measured was increased by a change in voltage 
discrimination technique; direct variation of threshold 
voltage was replaced by variable amplification of the 
noise waveform before selection above a fixed threshold. 
Finally, the original straight low-frequency receiver 
was replaced by a superheterodyne receiver; in this 
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way, the frequency-range of the noise measurements 
was extended while the waveform was made available 
for analysis at a fixed frequency of 10 kc/s for convenience 
in the r.f. cycle-counting technique. The modified 
receiving system consisted of a commercial superhet-
erodyne followed by a frequency-changer and 10-kc/s 
tuned amplifier. It is interesting to note that the recent 
development of noise analysis equipment in Japan 
appears to have followed similar lines in using an r.f. 
cycle-counting technique at high frequencies2. 
The description of the equipment is classified into 

the measurement of the following four parameters of 
the noise envelope defined above: 

(a) the average voltage 
(b) the average above a threshold 
(c) the occupation-time 
(d) the pulse-rate. 

The noise is assumed to be available at a final carrier 
frequency of 10 kc/s at the output of the receiving 
system, this frequency being particularly convenient in 
the occupation-time measurements. The, first two 
parameters were measured in similar units which are 
described together in the next section, although the 
first was a measure of noise intensity and the second a 
measure of noise-amplitude structure. The measured 
values of average above a threshold were, in fact, 
plotted against threshold, and the resultant curve 
differentiated to give a graph of the occupation-time 
against threshold; this derived graph is the cumulative 
amplitude probability distribution, and was used as 

EXTERNAL 
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PEN 
RECORDER 

PEN 

RECORDER 

AVERAGE 
ENVELOPE 

AVERAGE ABOVE 
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Fig. 1. Measurement of average 
voltage 

the final presentation of the measurements. The direct 
measurement of occupation-time, described in Section 3, 
has now replaced the measurement of average above a 
threshold at Slough, but the latter can be recommended 
as a satisfactory technique where simplicity of equip-
ment is important. A method of providing automatic 
operation of th:-. equipment is described in Section 5. 
Most experience with the equipment has been 

obtained in noise measurements at low frequencies, and 
the extension to higher frequencies introduces the 
problem of interference from stations. Although some 
measures can be taken in the receiving system to reduce 
the effect of unwanted signals, such as the use of addi-
tional filters, it is impracticable to remove them com-
pletely, and their presence for substantial periods of 
time can influence the measuring technique which is 
adopted. The following description assumes the use 
of ratemeters for counting r.f. cycles and impulses in 
the noise envelope, and a method of automatic 
operation which gives the required results on pen-
records is described. As an alternative, scalers and 
digital counters may be operated over known time-
intervals which are free from interference; although 
these counters are inherently more accurate, they are 
not as easily adaptable to automatic recording. The 
choice of technique in this respect might depend on the 
nature and degree of interference, and would be 
governed by various factors whose influence cannot yet 
be fully indicated ; for example, while some forms of 
interference may readily be detected by aural or visual 

' Fig. 2. Average-voltage recorder 
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monitoring, others may only be discernible as changes 
on a long-term pen record. 

2. Average Envelope Voltage and Average above 
a Threshold 

The average voltage of the envelope was measured 
in a unit comprising a detector circuit to obtain the 
envelope voltage, an averaging circuit, and a balanced 
d.c. amplifier connected to a pen-recorder. The unit 
was preceded by an aperiodic amplifier capable of 
giving sufficiently high output amplitudes for the full 
,linear range of the detector circuit to be used. The 
average above a threshold was measured in a similar 
unit, to the detector of which a variable bias voltage 
was added. The method of measurement is illustrated 
by the block diagram in Fig. 1. 

Aperiodic Amplifiers 

Two conventional forms of amplifier have been used. 

DISCRIMINATOR 
(FIXED THRESHOLD 

RATEMETER 

DETECTOR 

DIFFERENTIATOR 
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RECORDER TI ME 
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FOR OTHER ANALYSIS 

RATEMETER 
PEN 

RECORDER 
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The first, used in the earlier equipment and for photo-
graphic work, comprised a self-balancing paraphase 
inverter followed by, two power amplifiers in push-pull. 
Peak voltages of 100V were available at the balanced 
output across 15-ka resistive loads. The second, used 
in the later equipment, was a single-ended circuit 
comprising a voltage amplifier and cathode-follower 
giving peak outputs of 200V at low impedance. 

Average Voltage Unit 

The circuit of the average voltage unit is shown in 
Fig. 2. The output of the aperiodic amplifier was 
connected to the anode of the detector V1 through an 
RC coupling, and bias was applied to this anode to 
determine a threshold voltage. In manual operation, 
the bias was obtained from the potentiometer VRi, 
and in automatic operation from an externally switched 
supply via the jack Ji. The envelope of the noise was 
obtained across CaR2, and was integrated by the series 

(a) 

(b) 

(c) 

(d.) 

(e) 

(f) 

Fig. 4. Waveforms corresponding to short impulses at input to receiver: ( a) input to receiver, ( b) 10-kcIs output of receiver, (c) output of peak-limiting 
amplifier, (d) output of discriminator selecting above arrow in (c) (pulse counted for occupation time), (e) rectangular waveform from detector, 

(f) differential of (e) with negative impulses clipped (positive pulses counted for pulse-rate) 
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circuit C3R3. With the components shown, the charge 
and discharge time-constants of the integrating circuit 
were approximately equal, each being about 8 seconds, so 
that the average voltage of the envelope was produced 
across C3 as a running mean over this time. The 
remainder of the unit was a balanced d.c. amplifier 
V3 with a cathode-follower output stage Vi to which 
a pen-recording milliammeter was connected (full-
scale 1 mA). For long-term recording, stability of zero 
was achieved by the balanced circuit, stabilized supply 
voltages, and the use of a dummy diode Vg. 
The detector was operated at as high a voltage level 

as was practicable, but the degree of pre-amplification 
of the noise was limited by saturation at the aperiodic 
amplifier output. When the pre-amplification of low-
frequency atmospheric noise was set so that only a few 
pulses reached a saturation level of 100 volts, the average 
level was only one or two volts, and a relatively high 
degree of d.c. amplification was subsequently required. 
For waveforms 'similar to that of fluctuation noise, 
however, in which there is less divergence between the 
peak excursions and the average voltage, greater pre-
amplification would be possible, and correspondingly 
less d.c. amplification could be used. 

3. Occupation-Time 

Technique of Measurement 

Although relatively simple equipment was used in 
the technique by which the occupation-time was 
deduced from measurements of the average above a 
threshold, a fairly laborious analysis process was 
involved. The technique was replaced by the following 
method in which the proportion of time for which the 
noise envelope exceeded a series of thresholds was 
measured directly. 

INPUT O----

AT TENUATOR 

2201E 

loon 

2 2 On. 
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Referring to the block diagram in Fig. 3, the 10-kc/s 
noise waveform from the receiving system was applied 
via an attenuator and peak-limiting amplifier to an 
amplitude-discriminator. The pulses at the output 
of the discriminator were applied to a ratemeter which 
then indicated the number of r.f. cycles per second 
exceeding the discriminator threshold. The ratio of 
this number to 10,000 was the occupation-time of the 
envelope. In obtaining this parameter of the envelope, 
no detection process was involved, and thus the various 
inaccuracies and limitations associated with detector 
circuits were avoided. Effective thresholds were 
obtained by varying the amplification of the noise wave-
form before discrimination at a fixed voltage, as distinct 
from varying the bias voltage itself as in the measure-
ments of average above a threshold. 

Fig. 4 shows the different waveforms which could be 
seen at various stages in the equipment when the input 
to the receiving system was a series of short pulses from 
a pulse-generator [Fig. 4(a)]. 

Attenuator and Peak-Limiting Amplifier 

In manual operation the effective threshold was 
varied by means of a ladder-type attenuator, providing 
coarse control in 10-dB steps, followed by a potentio-
meter for finer control. For automatic operation a 
different attenuator, described in Section 5, was used. 

Since the minimum undistorted output amplitude 
from the receiving system was about 50 volts and, 
since the discriminator was operated at a threshold of 
10 volts, it was necessary in order to obtain the desired 
range of thresholds ( 1000:1) to follow the attenuator 
by an amplifier having a gain of about 200. It was not 
necéssary, however, for this amplifier to have a large 
dynamic range as, provided a satisfactory pulse response 
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Fig. 5. Attenuator and limiting amplifier 
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was maintained up to the discriminator threshold, 
10 volts, any distortion introduced by the amplifier at 
greater output levels was unimportant. 
The amplifier (Fig. 5) consisted of two RC-coupled 

stages. To obtain a satisfactory pulse response all RC 
time-constants were kept to a minimum, and the voltage 
swing at the grid of each of the pentode amplifiers was 
limited to ±1 volt by means of biased diodes. By these 
means, a symmetrical output waveform was maintained 
throughout the dynamic range of the input signal 
[Fig. 4(c)]. 

Discriminator 

The discriminator, shown in Fig. 6, was a form of 
Schmitt trigger3 which produced a rectangular pulse of 
constant amplitude for each excursion of the input 
waveform above the triggering threshold. The threshold 
was adjustable between 5 and 50 volts, but was normally 
operated at 10 volts. The voltage selection was carried 
out with the upper of the two double triodes, while the 
lower one introduced a paralysis time of about 80 micro-
seconds following each trigger. In this way, for each 
r.f. cycle which triggered the discriminator, a rectangular 
pulse of width 80 microseconds was produced at the 
output. In measurements of occupation-time, these 
pulses were counted, and no use was made of their 
extended width. In measurements of pulse-rate, how-
ever, the widening of the r.f. pulses facilitated a subse-
quent detection process described in Section 4. 

Ratemeter 

The ratemeters used in occupation-time and pulse-rate 
measurements were built from conventional circuits, 
and commercially-available units could have been used 
for manual operation of the equipment. For automatic 
operation, a similar unit with range-switching circuits 
was built. Five decade ranges were used, with full-scale 
deflections from 10,000 down to 1 pulse per second, 
corresponding to occupation-times of 100 to 00l per 
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cent respectively. The degree of statistical fluctuation 
about the mean rate indicated by the meter could be 
controlled by means of an integrating time-constant, 
and there was provision for operating a pen-recorder. 

4. Pulse-Rate 

Further information about the amplitude structure of 
the atmospheric noise was obtained by counting the 
number of excursions of the noise envelope above a 
series of thresholds. This parameter, the pulse-rate, has 
greatest significance at the higher thresholds where each 
excursion above the threshold then corresponds to a 
discrete pulse ; at lower voltage levels the larger 
number of pulses, together with the narrow bandwidth 
used in the receiving system, resulted in an increasing 
amount of mutual interference between pulses. 

In measuring the pulse-rate, further use was made of 
the discrimination process already carried out in the 
measurement of occupation time. Instead of counting 
each of the individual output pulses from the dis-
criminator, however, the number of groups of pulses, 
each group corresponding to one excursion of the r.f. 
waveform envelope above the threshold, was counted. 
For this purpose the discriminator output [Fig. 4(d)] 
was rectified, the resultant waveform being of a rect-
angular type [Fig. 4(e)]. This waveform was differen-
tiated and the pulse-rate obtained by counting the 
positive spikes [Fig. 4(f)] with a second ratemeter. 

The circuit of the detector is shown in Fig. 7: the 
left-hand section of the double triode acts as an infinite 
impedance detector and the right-hand as a limiting 
amplifier. In order to maintain fast rise and decay 
times in the final rectangular waveform, the detector 
time-constant CI& was made as short as possible. 
While this resulted in incomplete rectification at the 
cathode of the valve, it was possible to remove the 
residual 10-kc/s component completely from the ampli-
fier output by adjustment of its limiting bias control 
VR1. Widening the discriminator output pulses, as 
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described in Section 3, and consequently reducing the 
space between successive pulses in a group, also 
facilitated the use of a short detector time-constant. 

For the purpose of triggering the ratemeter, rapid 
rise and decay times were not essential, and a simpler 
form of detector might have been acceptable. The 
rectangular type of waveform, however, was provided to 
simplify possible future measurements of other para-
meters such as the pulse widths and spacings. 

5. Automatic Operation 

For automatic measurement of the noise distributions, 
the main requirement was a means of automatically 
varying the effective threshold at regular intervals. 
Simultaneous recording at different thresholds, although 
very desirable, was rejected in favour of a time-sequential 
method because of the considerable equipment dupli-
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Fig. 8. Typical pen-records at 10 Iccls, 
22nd August 1955 
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cation which would have been involved. To obtain a 
representative measure of the distribution, ten different 
thresholds, covering a voltage range of about two 
hundred to one, were considered desirable. Also, to 
enable a satisfactory mean value to be read from the 
fluctuating pen-records, a period of several minutes was 
required at each threshold. On the other hand, it was 
necessary to complete the measurements in a time during 
which the noise distribution remained substantially the 
same. These ,considerations governed the timing 
sequence adopted, in which a complete cycle occupied 
one hour. The form of the pen-records is shown in 
Fig. 8. The top recording shows the variation of, average 
voltage (time-constant eight seconds) over a period of 
about three hours, with breaks in reception of ten 
minutes each hour for calibration purposes. The middle 
record shows the average above a series of decreasing 
thresholds, the last of which is zero; the vertical lines 
indicate the changes of threshold every five minutes. 
The bottom record is a simple example of a recording 
at the output of a ratemeter, which introduces another 
feature of automatic operation ; namely, the necessity 
for switching from one decade range of a ratemeter to 
another. In this particular example, the pulse-rate 
was recorded above a series of decreasing thresholds, 
and the conditions were such that only two of the 
decade ranges were involved (Scales A and B). 

Timing and Threshold Unit 

A mains clock motor driving a cam switch was 
arranged to operate a uniselector switch at five-minute 
intervals. A series of ten bias voltages was obtained from 
a potentiometer chain wired to one bank of the 
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uniselector, and supplied from a stabilized d.c. source. 
These were switched in sequence to the averaging unit 
via a jack which also disconnected the manually-
operated threshold bias control. Similarly, for the 
automatic measurement of occupation-time and pulse-
ra te an r.f. potentiometer was wired to another bank, 
providing ten 6-dB steps of attenuation. Relays in an 
aerial cathode-follower unit were operated during two 
further positions of the uniselector switching cycle and, 
first by short-circuiting the aerial terminals and secondly, 
by changing over from the aerial to a signal generator, 
provided zero and c.w. calibrations respectively on the 
pen records of the average level. 

Automatic Switching of Ratemeter Ranges 

For automatic recording of the occupation-time and 
pulse-rate, the wide range of count rates encountered 
during the threshold cycle necessitated some form of 
automatic switching through the five ranges of the rate-
meter. Fig. 9 shows the arrangement adopted. 
A reversible motor, coupled to the ratemeter range 

switch, was controlled by two Schmitt trigger circuits 
operating from a voltage, at the ratemeter output, 
proportional to the meter indication. These trigger 
circuits, one operating at full-scale deflection of the 
ratemeter and the other at approximately one-tenth of 
this deflection, controlled upward and downward 
changes in range respectively. In each case the Schmitt 
trigger was preceded by an integrating circuit, having a 
time-constant of about ten seconds, to prevent triggering 
on transient excursions beyond the triggering levels. 
A relay in each of the trigger circuits had three sets of 
contacts performing the following operations: (a) switch-
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ing the a.c. supply to the motor (A1 or B1), (b) switching 
auxiliary windings on the motor which governed its 
direction of rotation (A2 or B2), and (c) discharging the 
integrating capacitor, and thus resetting the trigger 
circuit a few seconds after it had operated (A3 or B3). 
A five-way cam switch, CSI, ganged with the ratemeter 
range switch, was also incorporated, the cam being so 
shaped that the contacts were open at each of the rate-
meter range positions and closed between ranges. 
On the operation of one or other of the trigger circuits, 

the mains voltage was applied to the motor by the closing 
of either contact A1 or B1, and the motor started to turn. 
Almost immediately the cam switch CS' closed, main-
taining the mains supply to the motor after the relay 
contact A1 or B1 opened a few seconds later. Rotation 
continued until the cam switch CSI broke the mains 
supply to the motor at the next range position. The 
direction of rotation was determined by the contacts 
A2 or B2 in the auxiliary winding circuit, which closed 
at the same time as A1 or B1. Although the motor would 
not start without an auxiliary winding circuit being 
closed, it would continue to turn if the auxiliary winding 
circuit was later opened. Two further cams, ganged 
with the five-way cam, opened contacts CS2 and CS3 in 
the auxiliary winding circuits on the top and bottom 
range positions of the ratemeter to prevent further 
rotation beyond these limits despite the operation of the 
trigger-circuit relay. The combination of 'backlash' in 
the trigger circuit and the integration characteristics of 
its input circuit allowed adjustment of the time-intervals 
involved in the operation of the circuit, and provided 
the necessary facility for consecutive changes of range 
in one direction. 



The gain of the system was determined each day from 
(a) and (b). The threshold voltage scale for the 
measurements of average above a threshold was deter-
mined by the d.c. detector bias, which was measured 
less frequently. The threshold scale for measurements 
of occupation-time and pulse-rate was determined by an 
occasional calibration of the attenuator steps, and by 
frequent observation of the signal required to exceed 
the threshold corresponding to one attenuator position. 

In addition to routine calibration, the operation of 
the equipment was checked on known input waveforms. 
For example, the functioning of a number of units was 
verified by observation of the waveforms in Fig. 4 when 
short regular pulses were injected at the input to the 
equipment. Quantitative tests were made with c.w. 
signals and with short pulses (e.g., ratemeter scale 
calibrations). Another important test waveform was 
fluctuation noise from a diode source, and it was shown 

that the occupation-time and pulse-rate distributions 
agreed with those expected theoretically. 
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Detection of Pulsed Signals in Noise 
OPTIMUM BUTTERWORTH THIRD- ORDER FILTERS 

By H. S. Heaps, B.Sc., M.A.* and A. T. Isaacs, B.E.* 

SUMMARY. An analysis is presented to determine the optimum design of a Butterworth low-pass third-order filter to detect a 
rectangular pulsed signal upon a background of white noise. The filter is regarded as optimum ¡f, for a given input signal energy U, 
input-signal duration T, and output sampling time To, it produces a maximum ratio of output-signal energy to output-noise energy. 
It is found that for values of Tol T between 0.4 and 2 a maximum signal-to-noise energy is obtained if the filter parameter is chosen 
to equal 2 T/(3.5— Toi T). The resulting signal-to-noise ratio is shown graphically. 

he design of electrical filter circuits arises in many 
problems that involve the detection of signals in noise 
backgrounds. The purpose of the filter is to increase the 
signal-to-noise ratio over a sufficient time to facilitate 
detection of the signal. 
While in certain instances it is easy to obtain an 

expression for the desired frequency response of a filter 
to fulfil a particular purpose1,2, it is, in general, not 
easy to synthesize a circuit with that frequency response. 
Furthermore, the practical requirement that only a 
finite number of electrical components of resistance, 
inductance, and capacitance may be used in the circuit 

* Nova Scotia Technical College, Halifax, Canada. 
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usually implies that the desired response must be 
synthesized to within an allowable approximation. 

In view of the difficulties involved in synthesis, the 
design of an optimum filter is often replaced by the 
problem of choosing the values of components so as to 
make a particular circuit configuration as effective as 
possible. Such, for example, has been the approach of 
Atiya3, Belevitcht and Griffiths3. The filter so obtained 
is then optimum only for the prescribed configuration 
of circuit components. However, the use of such a 
circuit, if it contains relatively few components, may 
have considerable advantage over the use of a more 
efficient circuit that requires more components. 

In order to facilitate the design of filters by choice 
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Fig. 1. Third-order low-pass filter 

of components in simple circuit configurations, it is 
desirable to know in detail the behaviour of a few 
relatively simple circuits that permit numerical analysis. 
One such circuit is the third-order low-pass network 
shown in Fig. 1. The effect of this circuit upon a 
continuous wave has been discussed by many authors, 
especially when the components are all chosen in terms 
of a single parameter as in the case of the Butterworth 
or Tchebycheff filter6,7. 
• The present paper presents the optimum design of a 
Butterworth low-pass third-order filter for the detection 
of a rectangular pulsed signal upon a background of 
white noise. The filter is regarded as optimum if, for a 
given input-signal energy U, input-signal duration T, 
and output sampling time To, it produces a maximum 
ratio of output signal energy to output noise energy. 
The mathematical basis is described below, and the 

results of the calculations are presented graphically. 

Output Voltage for a Pulse Input 

For the filter shown in Fig. 1, if the input is a con-
tinuous wave eiwt = et of unit amplitude and frequency 
co127r the output is a continuous wave of the form 

R2 

+ R2 N(p) 
where N(p) denotes the expression given in reference 6, 
p. 370. 

R1R2 (CI + C2) + L (RiCi-I-R2C2)L 

N(P) = 1+ P+ RI +R2 P2+ 
RiR2Lcic2  

= 1 -FotP+PP2-1-vr• RI+ R2 

1 

3 

ePt (1) 

(2) 

, I 

3 

25 

2 

i I-5 

I 

0.5 

o 2 3 4 

Fig. 2. Signal energy E(t) contained in an output sample commencing at 
time t = 0 and ending at time t. The input signal has duration T 

The amplitude of the output wave is 

R2 1 

R1+ R2 I N(iW) 
R2 1  

— R1+ R2 [1 + (a2 —2g) co2 (g2 —2ccy) (04 ± y2011/2 

• • (3) 
which may be termed the amplitude transfer-function 
of the network. 
At sufficiently low frequencies, for a fixed value of 

a the amplitude transfer-function with the least frequency 
dependence is obtained by choosing the circuit elements 
such that 13 = a2/2 and y = P2/2a = a3/8. Thus I N(ia)) 
= [1 -I- (a (0/2)3}1/2. The circuit is then known as a 
Butterworth filter and N(p) has the form 

N(p) = Ectp -4- 2) (a2p2 -4- 2ap -I- 4) . .. (4) 

If the input to the filter is a voltage of general form 
Vi(t) then it is related to the output voltage V2(t) 
through the formula 

R2  1  

£2(P) = -I- R2 N(p) £1(P) • • (5) 

in which £1(p) and £2(p) are respectively the Laplace 
transforms of V1 and V2. Specifically 

Up) fVi(t) e-Ptdt . o 

oo 

.. (6) 

Thus for a Butterworth filter 

R2 8  

£2(P) RH-R2 (otp-1-2)(epl+20cp+4) £1-(P) • (7) 

When the input consists of a rectangular pulse of 
amplitude A and duration T commencing at time 
t = 0 the integration in Equ. (6) may be performed to 
give 

[1 —e-Pri 
Li(p) = A 

P J 
and Equ. (7) may be written in the form 

£2(P) AR2  Ii c, 2a  

— RI+ R2 I. 4+2 a2P2-F2aP-1-4] (1 e-Pr) 

2 

roice 

o 

• • 
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2 

rA )C 
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Fig. 3. Least sampling times T, required to obtain a given percentage of the 
total available output signal energy 
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The inverse transform of Equ. (8) is the equation 

AR2  [1 Ri+ R2 _2t/._ _2 6,-t/c( sin ( i./31/oc)] 
1/3 

• • (9) 

Va(t) = V2.1 = 

if t < T, and 

V2(t) = V22 —  
Ri+ R2 

AR2 [ _ e_2tla — A/3 2 6-e/a sin 

± -2(t-T)/Œ ± —2 e- e-T)le sin •‘/3 (t T) la] (10) 
1/3 

if t> T. The equations (9) and (10) represent the 
signal voltage at the output of the filter. 

Signal and Noise Energies at Output 

The output signal power through the resistance R2 is 
V22/R2. Thus the output power per unit of load resistance 
is V22. If the output is sampled ,over a time interval 
commencing at time t=0 and ending at time t the total 
signal energy (per unit of load resistance) contained in 
the sample is 

E(t) = f V22 dt, o . . . . (11) 

the explicit form of which is listed in the Appendix. 
The signal energy E(t) is plotted as a function of 

tic( in Fig. 2 for values of T I cc equal to 0.5, 1, 1.5, 2, 
2.5, 3, and infinity. 

If the noise ,input to the filter consists of white noise 
of root-mean-§quare power B per unit bandwidth then 
by Equ. (3) the output noise power is 

[  R2B] 2 lc°  1  dco 

(1/3tioc) 

Ri+R2 IN(jcu)12 27r 

For a Butterworth filter, the noise energy output 
contained in a time interval of duration t is thus 

En(t) [R1R+2BRJ 2 t.I7 1  d 1 + (CCC0/2) 2 7r 

co 

_ r  Re  12 1 t/«. . .. (13) tRi-FR2] 3 
the value of the integral being given in reference 8, 
p. 197. 

.. ( 12) 

Signal-to-Noise Ratio in Sample of Output 

Suppose the input consists of a rectangular 
pulse of total energy U. A2 T together with 

06 

BE 

3U E„ 

0-4 

O' 2 0 

40% 

60 
70 

2 

Tice 
3 

signal 
white 

Fig. 4. Output signal-to-noise ratios ElEn for the sampling times plotted 
in Fig. 3 

noise of root mean square power B per unit bandwidth. 
For purposes of detection, it is desirable that the ratio 
of signal-to-noise energy contained within the sampling 
interval should be as large as possible. However, it is 
also desirable that the sample should contain a cón-
siderable proportion of the availáble output signal 
energy. 
According to Equ, ( 13) the energy contained in a 

sample of the output is proportional to the sampling 
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r/ce 

3 

Fig. 5. Output signal-to-noise ratio ElEn for given values of input signal 
duration T and sampling time To 

time t and inversely proportional to the filter parameter oc. 
From Fig. 2 it is apparent that most of the output 
signal energy is confined within a finite time interval. 
For example, if Tim = 2 the maximum value of 
E(t) {AR2/(R1 R2)]-2oc-1 is 1. 66. Only 10% of the 
output signal energy appears before a time t = 1- 35oc 
and only 10% appears after a time 2.80oc. The least 
sampling time T0 over which 80% of the total output 
signal energy may be received is thus equal to 1.45a, 
and the signal energy contained in the sample is E = 
[A R21(Ri+ R2)]2oc(1 • 33) = [R2I (R1+ R2)]2 U(1.33) (ix/ T) 
= [R2I (R1-1- R2)]2 U(0 • 665). The noise energy in the 
sample is E„ = [B R2I (Ri+ R2)] 2 ( 1/3)(1 .45). 

The least sampling times T0 required to obtain 
40%, 50%, 60%, 70%, 80%, 90%, and 96% of the 
total available signal output energy are plotted as 
functions of T oc in Fig. 3. For such sampling times the 
values of E/ En are shown in Fig. 4. For each required 
percentage of total available output energy there is a 
value of Tit; and a corresponding value of To/oc, that 
leads to a maximum signal-to-noise ratio. 

For various pairs of values of T cc and To/oc the 
corresponding percentage of total output energy may 
be found from Fig. 3 and used to determine the signal-
to-noise ratio from Fig. 4. For values of To/T = 
(Tolcc)1(TIcc) between 0•4 and 2, the resulting signal-
to-noise ratios are plotted as functions of T oc in Fig. 5. 

It may be observed from Fig. 5 that when T01 T lies 
between 0.4 and 2 the maximum signal-to-noise ratio 
occurs when T oc is chosen to fit the empirical equation 

T = (3.5 — To/T) .. ( 14) 

Thus, for given values of T and To, the maximum 
signal-to-noise ratio is obtained by choosing the filter 
parameter a such that 

RiR2(Ci + C2) + L 2T  
a — (15) 

+ R2 — 3.5 —To/T 
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APPENDIX 

Integration of Equ. ( 11), after substitution of Vs from Equs. (91 or 
(10), leads to the following formulae where s denotes t/tx and a 
denotes Tics. 

01121 2dt — A R2 2 [Ri+RJ Œ[5— 7 — 1 2 1 à -4-e-4s+ à e-28 fi rss cos (2V3s) 

—V3 e-2s sin (2V3s) + e-s cos (V3s)+ —1 es sin (-/3s)12 V3 

1 
— -I el's cos (V3s) — — e-3s sin (V3s)] .. ( 16) 
3 V3 
r AR, vcc r_ie_u_ie_2s, ea_2s 

J V" 2411 == I el: § -F 3 cos ( V3a) 

1 sts-ts154a-ts 
4 3 2 

+[esa — 1 — esa cos (V 3a) + ta cos ( V3a)] 

ble-54 cos (V3s)-F e-al sin ( V3s)1 

+ [eaa sin (V3a) — e asin (V3a)1 [ka$ cos (V3s) • e-ss sin ( V35)} 

+ fl + e2a cos (2V3a) — 2ea cos (V3a)] 

e-2s cos (2V3s) —V3 es sm•  -a (2 V3s)] 
12 

+[esa sin (2V3a)-2ta sin (V3a)1 

[De's cos (2V3s) -I- e2S sin (2V3s)] ( 17) 
12 12 

After the expressions ( 16) and ( 17) have been calculated, E(t) 
may be found from the identities 

E(t) = f 0V21 adt . . .. (18) 

if t < T, and 

E(t) = f V„ adt f Vgg 2dt — f Vg2 2dt 
0 

if t> T. 

.. ( 19) 
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Television Tape Recorder 
NEW MAGNETIC SYSTEM FOR SOUND AND VISION 

ERA, the B.B.C's Vision Electronic Recording 
Apparatus, has been designed to record the vision and 
sound signals of television programmes for subsequent 
reproduction at any time after the recording has been 
effected. A photograph of one machine is shown in 
Fig. 1. Two such machines, which can be controlled 
from a central control desk, have been put into service. 
They employ half-inch magnetic tape and a reel of 
20f-in. diameter, such as those shown in Fig. 1, will 
accommodate 15 minutes of programme. Continuous 
recording is possible by the use of two machines and 
the control desk. The tape speed employed in the 
present model is 200 in./sec. and the magnetic tape used 
may be a normal thin-base sound-recording tape of 
good quality. 
The machine employs a three-track system of record-

ing, two of the tracks being devoted to the storing of the 
video signal and one to the storing of the sound signal. 
Separate recording and reproducing head-stacks are 
employed, each stack containing three identical heads 
separated from each other by copper screens and aligned 
to the required accuracy in the manufacturing process. 
Continuous monitoring of the recorded signal during 
the process of recording may be carried out. 
The principal sources of difficulty in television tape 

recording are the recording heads and the tape transport 
system. In the B.B.C. machine, the recording heads 
employ ferrite as the main material, with a thin pro-
tective layer of mumetal. Wear due to abrasion from 
the tape limits the life to 50-100 hours. The high-
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frequency response of the heads is level to 2 Mc/s, and 
no pre-emphasis is used. The low-frequency response 
also falls off because of the usual long-wavelength losses, 
but this difficulty is removed by the modulation system 
described below. An important cause of amplitude 
variation is displacement of the tape from the head. 
At a displacement of one wavelength, the loss in signal 
strength is 55 dB. Attention had to be given to air flow 
along the tape to minimize such losses. 
The degree of constancy of tape speed required is very 

high (a tape-positional error of 0.001 in. represents a 
lateral displacement of about 5% of the picture width). 
In the tape transport system embodied in the machine, 
most of the power required to drive the tape is supplied 
by the spooling motors which are arranged to move the 
tape past the heads at a speed just below the chosen 
recording speed of 200 in./sec. and close to the constant 
tension required, even when the drive motor is not 
engaged. This result is obtained by varying the power 
fed to the spooling motors in accordance with (a) their 
torque/speed characteristic and (b) the amount of tape 
on the reels at any particular moment, the latter 
determining the speed of rotation required of the reels. 
When the drive is engaged the drive motor is, therefore, 
required to supply only a limited amount of power to 
bring the tape speed up to 200 in./sec. The drive is 
engaged by lowering two rubber idlers on to a common 
capstan so that a loop of tape, largely isolated from 
transient effects in the reels by these idlers and other 
mechanical filtering elements, is formed. Inside this 
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Fig. 1. Front view of vision electronic recording apparatus. 

Fig. 2. Block schematic of principal electronic units. 
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loop lie the recording and reproducing 
head-stacks. The erasing head is 
placed at a convenient point which lies 
outside the loop and precedes the re-
cording head. A "Velodyne" system 
of speed control and correction of the 
driving capstan is employed. During 
recording periods the servo driving 
motor is made synchronous with the 
mains frequency while, on reproduc-
tion, the output of the machine is 
frame-synchronized to station syn-
chronization signals. The machine is 
fitted with the usual facilities for 
braking and for spooling the tape back-
wards or forwards at a variable speed 
when the drive system is not engaged. 
A block schematic diagram show • 

ing the connections of the principal 
electronic units embodied in the 
machine is shown in Fig. 2. For storing 
the video signal the two video tracks 
are associated, on the recording side, 
with a band-splitting system in which 
the video signal is divided into two 
frequency bands of approximately 
0-100 kc/s and 100 kc/s-3 Mc/s. The 
0-100-kc/s video band is made to fre-
quency-modulate a carrier and this fre-
quency-modulated carrier is recorded 
on one track. The low-frequency 
content of the video signal is thereby 
transferred to a frequency band corres-
ponding to shorter wavelengths so that 
both the low-frequency and the long-
wavelength difficulties inherent in 
the conventional magnetic-recording 
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Fig. 3. Completed 3-track recording and reproducing heads 

system are avoided. In addition, the amplitude-limiting 
facilities normally associated with the reception of 
frequency-modulated signals may be incorporated in 
the reproducing chain to eliminate undesired ampli-
tude fluctuations even when employing thin-base 
sound-recording tape not specifically manufactured for 
video or instrumentation purposes. The higher vision 
band, from 100 kcis upwards, is recorded simultaneously 
on the second video track in a conventional manner. 

On reproduction, the output from the frequency-
modulated video track is limited, demodulated, and 
added to the output from the higher-frequency track to 
produce the composite television waveform. Before 
transmission to line, the synchronization information, 
including line and frame synchronizing signals and 
suppression periods, is extracted, reconstituted and 
added back into the video signal. 

The higher-frequency video band, which employs a 
conventional recording/reproducing system, will be 
subject to the same unwanted amplitude-modulation 
which is being eliminated by the frequency-modulation 
system of the lower frequency video band. It is, how-
ever, an important finding that in practice this does 
not seem to be of major importance, for as long as the 
synchronizing signals and the main brightness structure 
of the picture, represented by the 0-100 kc/s band of 
the video signal, are maintained intact, reasonable 
variations in the higher-frequency band do not notice-
ably degrade the resulting picture. 

All the low-frequency and long-wavelength difficulties 
which, in the case of the lower video frequency, are 
overcome by the use of the carrier system, will also be 

Electronic CO Radio Engineer, May 1958 

manifest in the sound channel if a conventional recording 
of the sound signal is attempted under the higher tape. 
speed conditions dictated by the video-signal require-
ments. Accordingly, the sound signal is, before record-
ing, made to frequency-modulate another carrier which 
is recorded on the third track. On reproduction, the 
carrier is limited and demodulated to provide a sound 
signal of high fidelity in exact synchronism with 
the video information reproduced from the other two 
tracks. 

As in other forms of picture or sound recording, a 
requirement will arise in the use of magnetic vision 
recorders for the editing of programmes previously 
recorded. Simple editing, in the form of replaying 
extracts from a previously recorded programme, may 
be achieved by starting the machine at any predeter-
mined point in the recording. This facility is available 
because the machine is equipped with the usual facilities 
for spooling the tape backwards and forwards to find 
a desired point in the recording. The method may be 
extended, as in magnetic sound-recording practice, by 
cutting and joining extracts from various recordings or 
different parts of the same recording. Individual frames 
cannot, however, be examined in a 'gate', as in optical 
film editing, for the tape must be running at the 
correct speed before a picture can be reproduced on a 
monitor. A cueing arrangement for the 'marking' of 
editing points has, therefore, been provided. The 
method adopted is to provide an extra cueing head, 
lying outside the isolated tape loop, which is fed through 
a separate recording amplifier from a 30-kcis oscillator. 
When the tape is being normally played-back and the 
observer wishes to mark some particular point for 
subsequent cutting or starting he presses a 'Cue' key on 
the control panel of the machine which causes a burst of 
30-kc/s signal to be recorded on the sound track of the 
tape. At this frequency it will not appear in subsequent 
normal reproduction, since it lies well below the 
frequency-modulated carrier signals which carry the 
sound programme and any interference effects it might 
otherwise have will be removed by the limiting process 
which precedes detection of the television sound signal. 
However, when the tape is being slowly transported past 
the reproducing head, using the spooling speed control, 
at a fraction of the normal speed, the cue signal will 
produce an audible note in the loudspeaker or head-
phone system .so that the point previously marked is 
found. The cutting and joining of tapes is accurately 
and quickly carried out by the use of a splicing ,device 
provided and the resultant join provides no visible 
disturbance in the picture. 

MECHANICAL HANDLING 

The Mechanical Handling Exhibition and Materials Handling 
Convention will be held at Earls Court, London, from 7th-17th May. 

CORRECTION 

In the list of exhibitors at the I.E.A. Exhibition (p. 147, April) 
Livingston Laboratories Ltd. were included as agents for Ballantyne 
Laboratories and Kintel. We understand that Livingston 
Laboratories do not represent either of these firms. 
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Correspondence 
Letters to the Editor on technical subjects are always welcome. In publishing such communications 
the Editors à not necessarily endorse any technical or general statements which they may contain. 

Time Signals 
SIR,—In your March 1958 issue Mr. Norman Lea questions the 

need for the retention of the rhythmic time signals. I should like to 
take this opportunity of informing him, and your other readers who 
may be interested, that the continuation of these signals has already 
been under review, and it was decided recently to discontinue them 
after 30th June 1958. 
The rhythmic or `vernier' form of time signal was adopted when 

the service of international radio time signals from the Royal 
Observatory was inaugurated on 19th December 1927, since these 
were best suited to provide an adequate standard of accuracy when 
no elaborate measuring equipment was available to the user. Their 
retention has been primarily in the interests of surveyors and 
prospectors, who still require to keep their essential equipment to a 
minimum. When it was realized that a new group of users had arisen, 
who demanded a very high standard of accuracy and were prepared 
to equip themselves with complicated and elaborate equipment in 
order to secure it, the mean-time signals, referred to by Mr. Lea, 
were introduced. The advantages of this type of signal, now 
universally known as the English system, were soon recognized, and 
at the General Assembly at Dublin in 1955 the International 
Astronomical Union recommended for permanent retention only the 
English system, remarking that "the use of the three systems— 
American, 0.N.O.G.O., and rhythmic—may be continued for a 
provisional period." 

Following enquiries among the departments interested, the 
Admiralty recently approved the proposal to discontinue the 
rhythmic signals controlled from the Royal Greenwich Observatory, 
and to retain only the mean-time series. 
I trust that Mr. Lea will continue to find the radio time signals of 

value to him in the field of frequency standardization. 
Royal Greenwich Observatory, HUMPHRY M. SMITH 
Herstmonceux Castle, Sussex. 
26th March 1958. 

Subjective Sharpness of Television Pictures 
SIR,—Mr. Sproson's paper in the April issue is especially valuable 

because of the rarity of such work in the television field. It is 
therefore important that the results be examined carefully to ensure 
that all useful information is extracted. With this in view, it would 
be most interesting to know the author's opinion on the following 
two questions. 

(1) Would it be preferable to calculate the difference limen by 
a somewhat more sophisticated method; e.g., by assuming 
(a) a logistic-function relationship between sharpness and opinion 
score, and (b) a binomial distribution of observers among the 
seven opinion categories for each test condition ? 
Thus the data of Fig. 9 may be re-plotted in terms of log {p1(1—p)) 

against log S, where p is the normalized opinion score (obtained by 
linear transform of the '-45 to + 45' scale into a '0 to 1' scale) 
and S is the sharpness factor. The result appears to be a set of 
parallel lines expressible by: 

p = 11{1 ± (S/S0)-s} 
where So is the sharpness factor of the comparison picture and 
n is a constant (about 4). 

This treatment disposes of the anomalous curve of Fig. 9, provides 
the desirable asymptotic relationship (the curve of p against log S 
is asymptotic to 0 and 1) and, most significantly, yields a difference 
limen which is a constant sharpness-factor ratio over the whole range 
of the experiment. The value of the limen appears to be about 7/8 
(or 8/7) ; e.g., the ratio of 3-Mc/s and 2-63-Mc/s equivalent 
rectangular bandwidths when phase distortion is absent. 

(2) Would it be preferable to extend the definition of sharpness 
factor to include the effect of phase distortion on sharpness of the 
kind considered in the paper ? 
This could be done by making the sharpness factor proportional 

to the maximum step-response slope whether or not this occurs at 
the half-amplitude point. The equivalent rectangular bandwidth, 
as defined in the paper, would then be meaningful only in the 
absence of phase distortion. Expressed differently, the proposal is 
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to make the sharpness factor proportional to the peak aMplitude of 
the response to a (sin 0.V/wet pulse, where wc/2tt is the nominal 
cut-off frequency (3 Mc/s). This form of expression emphasizes the 
fact that distortion of the type considered causes a reduction of 
detail-contrast in pictures, an impairment which is commonly 
reported by non-technical observers as a "loss of sparkle". 

In practice, the required peak amplitude is best found by 
calculation from a measurement of the response to a sine-squared 
pulse. This is, in fact, one of the features of the rating method 
mentioned in Dr. Rendall's paper, "Waveform Testing Methods 
for Television Links", in the issue of December 1957. 
Post Office Research Station, N. W. LEWIS 
Dollis Hill, London, N. W.2. 
11th April 1958. 

New Books 
Semiconductor Thermoelements and Thermoelectric Cool-
ing. By A. F. IOFFE. Pp. 184. Infosearch Ltd., 16 Ladbroke 
Gardens, London, W.11. Price 42s. 

Prof. A. F. Ioffe is Director of the Institute for Semiconductors 
of the U.S.S.R. Academy of Sciences, and this book is a translation 
of two separate monographs originally published in 1956. The 
translator has done his work well, and the book is singularly fortunate 
in its English editor, H. J. Goldsmid, whose successful application 
(with R. W. Douglas) of bismuth telluride in 1954 first drew attention 
in this country to the practical possibilities of thermoelectric 
refrigeration. 
The first part of the book deals with semiconductor thermoelectric 

materials, the general theory of the thermocouple, the calculation of 
the e.m.f., and its efficiency as a generator. While pure-metal 
couples have efficiencies of about one-tenth of one per cent, it appears 
possible nowadays to tailor semiconductor materials which may yield 
efficiencies of the order of ten or fifteen per cent! Among the 
general conditions making for high efficiency are: first, the use of 
purely n-type material for one arm of the couple and purely p-type 
for the other; and, second, the arrangement of an impurity con-
centration-gradient down each arm. Data for various materials are 
given. The list of applications includes the thermoelectric refrigerator, 
the thermoelectric heat pump, and of course thermoelectric batteries 
—which seem to have been developed to a size suitable for use on 
tractors instead of a dynamo. 
The second part is concerned with the theory and practice of 

thermoelectric refrigeration. Details, and performance figures on 
test, for a 40-litre domestic refrigerator which is produced on a 
semi-commercial scale are given; its d.c. power consumption is only 
55 watts. Nothing is said about first cost, but from the point of view 
of running cost the thermoelectric unit is better than either the 
absorption or the compression type for small refrigerators, though for 
larger ones the compression type is still superior at present. Micro-
coolers and thermostats for use in electronic equipment, instruments, 
and medical apparatus, are described; there is even a dew-point 
hygrometer. 
The book is mainly intended for physicists, and for electrical and 

refrigerating engineers, who will probably be most interested in the 
problems of design which are so fully discussed in the second part. 

G.R.N. 

High Fidelity Sound Reproduction. Edited by E. MOLLOY. 
Pp. 200. George Newnes Ltd., Southampton Street, London, 
W.C.2. Price 20s. 
There are ten chapters in this book, each by a different author. 

Starting with chapters on subjective and objective judgment of 
performance, the acoustics of sound reproduction and multiple 
channel systems, the book goes on to treat apparatus. There are 
chapters on amplifiers and pre-amplifiers, dynamic loudspeakers, 
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loudspeaker enclosures and the electrostatic loudspeaker. The final 
parts of the book cover record, tape and radio reproduction. 
The discussion is essentially non-mathematical and provides a very 

good picture of the requirements for sound reproduction. A great 
deal of useful information is included. W.T.C. 

Wireless & Electrical Trader Year Book 1958 
Pp. 372. Trader Publishing Co. Ltd., Dorset House, Stamford 
Street, London, S.E.1. Price 12s. 6d. (postage Is.). 

Sections include: Valve Base Connections and Diagrams, 
Specifications (of receivers and appliances), Radio and Electrical 
Wholesalers, Proprietary Names, Buyers' Guide, Trade Addresses. 

Elementary Nuclear Physics 
By W. K. MANSFIELD. Pp. 60. Price 10s. 6d. 

Nuclear Reactor Theory 
By J. J. SvizErr. Pp. 80. Price 12s. 6d. 

Reactor Heat Transfer 
By W. B. HALL. Pp. 68. Price 10s. 6d. 

These three books are Nos. 1, 2 and 3 respectively of a series of 
monographs intended for university and technical college students 
and others, who "require a broad understanding of those topics of 
nuclear engineering outside their own field of study". The mono-
graphs are published by Temple Press Ltd., Bowling Green Lane, 
London, E.C.1, in association with their monthly journal, Nuclear 
Engineering. 

Electron Tube Circuits (2nd Edition) 
By S. SEELY, Ph.D. Pp. 695. McGraw-Hill Publishing Co. Ltd., 
95 Farringdon Street, London, E.C.4: Price 81s. 6d. 

Chapters on: Characteristics of Electron Devices; Vacuum 
Triodes ' and Transistors as Circuit Elements; Basic Amplifier 
Principles; Untuned Potential Amplifiers; Feedback in Amplifiers; 
Rectifiers; Power Supplies; Electronic Computing Circuits; Special 
Electronic Circuits; Untuned Power Amplifiers; Tuned Potential 
Amplifiers; Tuned Power Amplifiers; Oscillators; Heavily Biased 
Relaxation Circuits; Saw-Tooth Sweep Generators; Special Sweep 
Generators; Amplitude Modulation; Demodulation; Frequency 
Modulation and Detection; Electronic Instruments. 

Programming for an Automatic Digital Calculator 
By K. H. V. BOOTH. Pp. 238. Butterworths Publications Ltd., 
88 Kingsway, London, W.C.2. Price 42s. (By post 43s. 9d.). 
An account of programming digital computers, based on the 

machine APEXC at Birkbeck College, London. 

Mechanical Resolution of Linguistic Problems 
By A. D. BOOTH, L. BRANDWOOD and J. P. CLEAVE. Pp. 306. 
Butterworths Publications Ltd., 88 Kingsway, London, W.C.2. 
Price 50s. 
An account of some results obtained at Birkbeck College on the 

application of digital calculators to linguistic problems such as 
translation. Some details of a proposed translating machine are also 
included. 

Magnetic Recording Handbook (2nd Edition) 
By R. E. B. HICKMAN. Pp. 176. George Newnes Ltd., Tower 
House, Southampton Street, London, W.C.2. Price 21s. 

Television in Britain 
Pp. 67. Published by P.E.P., 16 Queen Annes Gate, London, 
S.W.1. Price 3s. 6d. 

This report, which forms Vol. XXLV, No. 420, of "Planning", 
contains a wealth of information of a non-technical nature. The 
following subjects are covered: organization and finance, develop-
ment of television, the television public, contents of television 
programmes, the viewing audience, television advertising expendi-
ture and financial aspects. 

Tubi Ekttronici 
By ANDREA PINCIROLI. Pp. 275. Scienza Nuova, 39 Via Andrea 
Doria, Milan, Italy. Price L. 3800. ( In Italian.) 

Electronic Measuring Instruments (2nd Edition, revised) 
By E. H. W. BANNER, T.D., M.Sc., M.I.E.E., M.I.Mech.E., 
F.Inst.P., M.Cons.E. Pp. 496. Chapman & Hall Ltd., 37 Essex 
Street, London, W.C.2. Price 56s. 
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Electrical Research Association Technical Reports: 
Radio Interference from High Voltage Distribution Systems. By 
S. F. PEARC.E. Pp. 14. Price 10s. 6d. 
A Stable Decade Amplifier for the Frequency Range 10c/s to 1 Mc/s. 
By D. C. G. SMITH. Pp. 16. Price 10s. 6d. 

Copies of these reports are available from The Electrical Research 
Association, Thorncroft Manor, Dorking Road, Leatherhead, 
Surrey. 

Cours Élémentaire de Mathématiques Supérieures: Vol. 2. 
By J. QUINET. Pp. 252. Price 960 F. Published by Dunod, 
92 rue Bonaparte, Paris (6e). 

Covers series, complex numbers and differential calculus. 

Electrical Engineering 
By D. O. BISHOP, B.Sc., Ph.D., M.I.E.E. Pp. 107. Robert Hale 
Ltd., 63 Old Brompton Road, London, S.W.7. Price 8s. 6d. 

Deals with electrical engineering (including electronics) as a 
career. 

British Plastics Year Book 1958: A Classified Guide to the 
Plastics Industry (28th Edition) 
Pp. 816. Published by Dee & Sons Ltd., Dorset House, Stamford 
Street, London, S.E.1. Price 42s. (Postage 1 s. 9d.). 

This edition has been thoroughly revised and it has now been 
divided into eight sections. Three are devoted to classified lists of 
manufacturers and suppliers of materials, finished products and 
equipment, while a fourth section contains the world's largest list 
of trade and proprietary names connected with the industry, 
covering materials as well as finished goods. Each trade name is 
followed by a definition of the product and the manufacturer con-
cerned. A glossary of plastics technical terms is also included. 

Metal Industry Handbook and Directory 1958 
47th year of publication. Pp. 544. Published for Metal Indust," by 
Iliffe & Soli Ltd., Dorset House, Stamford Street, London, S.E.1. 
Price 15s. (By post 16s. 6d.). 
A standard work of reference offering a comprehensive source of 

information about the non-ferrous metal industries. Information on 
the properties of the newer as well as more familiar metals has been 
brought up to date, and the extensive section devoted to summaries 
of British Standard Aircraft Material, D.T.D., and Admiralty 
specifications has again been included. 

Long-Wave and Medium Wave Propagation 
By H. E. FARROW, Grad. I.E.E. Pp. 39. Published by arrangement 
with the B.B.C. for Wireless World by Iliffe & Sons Ltd., Dorset 
House, Stamford Street, London, S.E.1. Price 4s. 6d. 

This booklet is based on lectures given by the author at the B.B.C. 
Engineering Training Department. It brings together a large 
amount of useful information not otherwise readily available. There 
are sections on aerials, ground-wave propagation, the effect of 
geological formations on propagation, propagation curves over 
terrain of given conductivity, recovery and loss effects, mixed-path 
propagation, synchronized group working, low-power installations, 
ionospheric reflection, fading and the effects of the sky wave. A table 
of data on B.B.C. medium and long-wave transmitting stations is 
given. 

How Television Works 
By W. A. HOLM. Pp. 318. Philips Technical Library, distributed 
in Britain by Cleaver-Hume Press Ltd., 31 Wright's Lane, 
Kensington, London, W.8. Price 32s. 6d. 
A description of television for the intelligent layman. Detailed 

but non-mathematical. 

Telecommunication Economicé 
By T. J. MORGAN, A.M.I.E.E. Pp. 452. Macdonald & Co. 
(Publishers) Ltd., 16 Maddox Street, London, W.1. Price 50s. 
The author, who is on the staff of the British Post Office, has 

written this book with the needs of the telephone systems engineer 
in mind. However, the first seven of his twenty-four chapters are of a 
sufficiently general nature to be of use to any engineer interested in 
the economics of large systems. These chapters deal with the need 
for engineering economic studies, interest formulae and allied 
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subjects, depreciation accounting, statistics and probability, service 
life of plant, methods of carrying out an engineering economic study 
and studies based on annual costs. The last chapter, on the use of 
capitalized costs, is also of general interest, as are some of the tables 
in the appendixes. 

Foundations of Wireless (7th Edition) 
By M. G. SCROGGIE, B.Sc., Pp. 388. Published for 
Wireless World by Iliffe & Sons Ltd., Dorset House, Stamford Street, 
London, S.E.1. Price 15s. (By post 16s. 4d.) 
An enlarged, completely revised, and almost entirely re-written 

edition of a book which, since it was first published in 1936, has 
helped those making acquaintance with the principles of radio and 
electronics for the first time. Television is included. 
No previous technical knowledge whatever on the part of the 

reader is assumed; mathematics are eschewed except where 
absolutely essential. 
Though the background of the book is still sound broadcasting, 

there is now more emphasis throughout on f.m., v.h.f., and television 
(including colour). 

Stereophonic Sound 
By NORMAN H. CROWHURST. Pp. 128. John F. Rider, Publisher,Inc., 
116 West 14th Street, New York 11, N.Y., U.S.A. Price $2.25. 

The B.B.C. Riverside Television Studios: Some Aspects of 
Technical Planning and Equipment 
By H. C. NICKELS and D. M. B. GRUBB. B.B.C. Engineering 
Division Monograph No. 14. Pp. 31. B.B.C. Publications, 35 
Marylebone High Street, London, W. I. Price 5s. 

Worked Radio Calculations (2nd Edition) 
By ALFRED T. Wrrrs, A. M.I.E.E. Pp. 155. Sir Isaac Pitman & Sons 
Ltd., Pitman House, Parker Street, Kingsway, London, W.C.2. 
Price 12s. 6d. 

This edition has been revised using the m.k.s. system of units, and 
a chapter has been added on "Calculations with Decibels". The 
book is for technical college students. 

Aircraft Communications Systems 
By J. H. H. GROVER, A.R.Ae.s., M.I.N. Heywood & Co. Ltd., 
Tower House, Southampton Street, London, W.C.2. Price 22s. 6d. 
A reference book for radio operators. Deals with specific S.T.C. 

and Marconi equipments. 

Selected British Technical Journals 
Pp. 15. Intended especially for the use of former F.B.I. overseas 

scholars and other overseas engineers trained in Britain. Lists and 
describes technical journals and lists principal professional engineer-
ing institutions. The Federation of British Industries, 21 Tothill 
Street, London, S.W.1. Price 2s. 

Ceramic Insulators for Telecommunication Purposes 
Pp. 15. Specification prepared by the R.E.C.M.F. and recently 

revised. Published from 21 Tothill Street, London, S.W.1. Price Is. 

Tabellen und Kurven zur Berechnung von Spulen und 
Ubertragern (3rd Edition) 
By RICHARD FELDTKELLER. Pp. 69. S. Hirzel Verlag, Stuttgart N., 
Birkenwaldstrasse 185, Germany. Price D.M. 10. 
Data and charts relating to the design of iron-cored chokes and 

transformers for use at low frequencies. Some charts are of a gen-
eral nature showing, for example, mass of core material required 
against magnetizing force, while others relate to specific German 
cores. Details of the latter are included, as are details of the com-
position of the various magnetic materials used in making the 
general charts. 

U.H.F. CONGRESS PAPERS 
All the papers presented at the Congress on Ultra High Frequency 

Circuits and Antennas in October 1957 will be published in July 
1958 by the Société des Radioélectriciens. They will be published 
in English or in French according to the language used by the 
author. Entitled "Congrès Circuits et Antennes Hyperfréquences", 
they will be available from Société des Radioélectriciens, 10 Avenue 
Pierre Larousse, Malakoff (Seine), France: Subscription price (until 
15th June) 5,000 F (French) ; after Subscription offer, 9,000- F 
(French). Pamphlet containing abstracts of the papers (published 
both in English and French), 1,000 F (French). 

MEETINGS 
I.E.E. 

6th May. "Some Case Histories of Business Computers in U.S.A.", 
by A. T. Starr, M.A., Ph.D., B.Sc., at 5.30. 

9th May. "The Teaching of Ateplied Acoustics", discussion to be 
opened at 6 o'clock by G. Mather, B.Sc.Tech. 

14th May. "A New Cathode-Ray Tube for Monochrome and 
Colour Television", by D. Gabor, Dr. Ing., F.R.S., P. R. Stuart 
and P. G. Kalman, to commence at 5.30. 

15th May. Annual General Meeting, followed at 6.30 by "Recent 
Developments in Electronics in the United States" by D. G. Fink. 

These meetings will be held at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embankment, London, W.C.2. 

Brit. I.R.E. 
21st May. "Cold-Cathode Voltage Transfer Circuits", by J. H. 

Beesley, B.Sc., to be held at 6.30 at the London School of Hygiene 
and Tropical Medicine, Keppel Street, Gower Street, I.ondon, 
W.C.I. 

The Society of Instrument Technology 
8th May. "Control of the Radio Telescope", by J. G. Davies, 

Ph.D., M.A., to be held at 7 o'clock at Manson House, Portland 
Place, London, W.1. 

The Physical Society 
16th May. "Ultrasonic Transducers", by R. J. Copley. 

Institute of Physics 
16th May. "The Characteristics and Design of Ultrasonic Flaw-

Detector Transducers", by D. G. Christie, to be held at the Institute 
of Physics, 47 Belgrave Square, London, S.W.1, at 6 o'clock. 

STANDARD- FREQUENCY TRANSMISSIONS 

(Communication from the National Physical Laboratory) 

Deviations from nominal frequency* for March 1958 

Date 
1958 
March 

1 
2 
3 
4 
5 
6 
7 
8 
9 
o 

2 
3 
4 
5 
6 
7 
8 
9 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

MSF 60 kc/s 
2030 G.M.T. 
Parts in 108 

Droitwich 200 kc/s 
1030 G. M.T. 
Parts in 108 

— - 2 
— 2 
— 2 

N- .M. 

N.M. 
N.M. 
— 2 
— 2 
— 2 
— 2 
— 2 
N.M. 
N.M. 
— 2 
— I 
— I 
— I 
— I 
N.M. 
N.M. 

+ 1 

* Nominal frequency is defined to be that frequency corresponding to a 
value of 9 192 631 830 c Is for the N.P.L. caesium resonator. N.M. = Not 
Measured. 
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New Products 

Cable-Fastening Gun 

The illustration shows a tacking 'gun' 
firing curved roof-staples after the fashion of 
an office stapling machine. 
A special feature is the 'twin impact' 

selector which enables a hard or a soft strike 
to be selected, depending upon the material 
into which the staples have to be driven. 

Industrial Staplers Ltd., 
Truman House, 7-9 Rathbone Street, 
London, WA. 

Silicon Zener Diodes 

The Z2 series of SenTerCel silicon zener 
reference diodes has been extended by the 
addition of twenty-six new types. Three 
useful ranges with small voltage overlaps 
have been introduced and voltage toler-
ances of ±5% and ± 10% are included, as 
well as the earlier ±20% range. Each 
range covers 3.3 to 15 V, the nominal 
voltage being defined at 20 mA reverse 
current. 

Standard Telephones ee Cables Ltd., 
Edinburgh Way, Harlow, Essex. 

Sub-Miniature Germanium Diodes 

Gold-bonded germanium diodes only 
2 mm in diameter are now obtainable. 
These have a rated dissipation of 33 mW at 
25°C, and it is claimed that prolonged over-
loads of ten times this amount are permissible. 
The diodes are useful up to 100 Mc/s. 

Indium-bonded rectifiers (diameter 6 mm) 
have a continuous dissipation rating of 
300 mW at 25°C, can pass a continuous 
forward current of 400 mA, and operate 
from a.c. supplies up to 70 V r.m.s. 

Kynmore Engineering Co. Ltd., 
19 Buckingham Street, London, W.C.2. 

Dual Stabilized Power Unit 

The photograph shows a general-purpose 
highly-stabilized power unit comprising two 
separate power supplies built into one 
chassis. Each power supply has a centre 
voltage of 250 V d.c. at a maximum 
current of 200 mA, and has an unstabilized 
supply of 6.3 volts a.c. at 4 amps. The 
output voltage is adjustable by pre-set 
potentiometer over the range 200 to 300 V, 
with a limitation of the current drawn. 
The unit has been designed for the 

operation of a number of d.c. amplifiers 

when the positive line of one supply and the 
negative line of the other supply are con-
nected to the chassis. Each power supply is 
arranged so that either the positive or 
negative line may be connected to the chassis 

by a single link, permitting the two supplies 
to be used in a number of ways. Connected 
in series, the stabilized output may be 
increased to 500 V at 200 mA or balanced 
out so that unbalancing the supplies will 
enable a stabilized voltage of 0-100 V at 
200 mA to be obtained. It is not recom-
mended that the supplies be connected in 
parallel. 

Measurements taken on an average unit 
are given below: 

Mains Fluctuation. The output voltage 
variation of an average supply when the 
mains fluctuate ± 10% is less than ±O • 02 V 
at 250 V, full load. 

Regulation of an Average finit. Change of 
output voltage for 200 mA current change, 
0 • 08 V. 

Output Impedance. At 250 V, 200 mA, 
approximately 0-1 a 

Ripple. Less than 3 mV r.m.s. at full load. 

Cape Electrophonies Ltd., 
43-45 Shirley High Street, Southampton. 

Transistor Multitester • 

This instrument is intended both for 
testing transistors and for general circuit 
testing. 

Transistors are used to generate 1-kc/s 

sinusoidal oscillations and to amplify audio-
frequency signals prior to connection to a 
sensitive a.f. rectifier—moving-coil meter. 
The oscillator output is said to be sufficient 
to provide an audible note in a loudspeaker 
and the sensitivity of the voltmeter to be 
sufficient to measure the signal level at the 
second detector of most radio and television 
receivers. 

With the ' test' selector in one position, the 
internal battery supply is disconnected and 
the 500-1.1.A 31 in. meter is used to measure 
external d.c. voltages. The 'range' selector 
is then used to give three d.c. voltage ranges. 

There are four 'ohms' ranges covering 
500 û to 1 Mil. The internal battery can 
also be used to pass currents of 0.1-100 mA 
through an external circuit, and the actual 
current indicated. This facility is useful for 
testing rectifiers. 
The common-emitter current amplifica-

tion factor is measured by passing a small 
1-kc/s current into the base of the transistor 
in addition to a direct base current. Current 
amplifications of up to 500 are measurable 
in three ranges. The minimum collector 
voltage during this test is 1 V. 

For audio-frequency tests, the output of 
the 1-kc/s oscillator is connected to two 
terminals via a 50-ohm variable potentio-
meter. External audio-frequency signals 
may be measured by a transistor a.f. volt-
meter of 150-mV full-scale deflection. The 
a.f. voltmeter monitors either the output 
from the oscillator or an external a.f. signal. 
A.F. currents up to 15 mA are measured 
with a low d.c. resistance path across the 
input terminals. These current ranges may 
be used in conjunction with the calibrated 
output signal to measure the stage gains of 
transistor and valve circuits. 

Levell Electronics, 
High Street; Edgware, Middx. 

A.M./F.M. Modulation Meter 
Modulation meter type 210 may be used 

to measure the percentage modulation of 
amplitude-modulated signals and the peak 
deviation of frequency-modulated signals in 
the carrier-frequency range 2•25 Mc/s to 
300 Mc/s. Operation with reduced sensi-
tivity is possible up to a frequency of 
600 Mc/s. Modulation depths up to 100% 
and frequency deviations up to ± 100 kc/s 
may be measured in the modulation fre-
quency range 30 c/s to 15 kc/s. 

Outputs at the intermediate frequency of 
750 kc/s and at low frequency are available 

from terminals on the front panel. These 
outputs enable the modulated envelope of 
the input signal and the demodulated signals 
to be observed on an oscilloscope. 
The limiting action of the instrument is 
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claimed to be so effective that it can be used 
to measure spurious frequency modulation 
occurring on amplitude-modulated signals. 
Changes of mean carrier level when 
amplitude-modulation is applied can be 
measured to an accuracy of better than 
±1%. 
A feature of the instrument is simplicity 

of operation. The tuning control is adjusted 
until a meter reading is obtained, and the 
input attenuator adjusted for full-scale 
deflection. It is then only necessary to 
switch to the a.m. or one of the f.m. positions 
to obtain a direct reading of modulation. 
Airmec Ltd., 
High Wycombe, Bucks. 

12-Way Coaxial Switch 

There are many instances where a v.h.f. 
transmitter or receiver is required to operate 

with a number of aerials at different fre-
quencies. To simplify this process of aerial 
selection, Racal have developed a 12-way 
coaxial switch type MA.42. Selection is 
obtained manually or remotely by the 
operation of a single control, the con-
nections to the various aerials being taken 
direct to the switch through inter-service 
connectors style SR.4G. 
The switch has a solid aluminium casing, 

and is claimed to operate satisfactorily under 
severe conditions. Attention has been given 
to keeping a truly coaxial construction. 
Contact is made to any of the twelve output 
connections by a rotary movement com-
bining wiping and self-locating actions, and 
very little torque is required for its operation. 
The MA.42 will handle up to 1 kW of 

r.f. power continuously, providing the 
standing-wave ratio does not exceed 2: 1, 
with a maximum frequency of 250 Mc/s. 
It is normally manufactured with an 
impedance of 52 LI Cross-talk is low 
( —80 dB on the selected input). 

Racal Engineering Ltd., 
Bracknell, Berks. 

L-Band Magnetron 

The M554 is a high-power pulse 
magnetron which operates at a fixed 
frequency in the range 1,300-1,365 Mc/s 
and functions at pulse widths up to 5 p..sec, 
with a maximum peak input rating of 
6 MW. The valve is designed for use with 
a separate magnet. 
The output circuit is arranged to fit into a 

transition which couples directly to No. 6 

200 

waveguide. The transition is supplied by 
the makers and the dimensions have been 
chosen so that all valves will be mechanically 
and electrically interchangeable. The anode 
is water-cooled. 
The makers state that the weight has 

been kept sufficiently low to permit the 
valve and its output transitron to be readily 
handled by one man. 

English Electric Valve Co. Ltd., 
Chelmsford, Essex. 

Humidity Test Cabinets 

New types are available in the following 
sizes: 
HTC 5. 36 in. wide by 36 in. high by 

36 in. deep. 
HTC 6. 54 in. wide by 36 in. high by 

36 in. deep. 
HTC 7. 72 in. wide by 36 in. high by 

36 in. deep. 
These can be used for tests to specifications 

such as K114 (issue 2) and RCS11 (issue 5), 
as well as for general laboratory service. 
They are self-contained, requiring only con-
ned ion to electricity and water supplies and 
provision for drainage. The interiors are 
made of heavy tinned copper. Dry-heat 
temperatures up to 100°C are catered for, 
and temperatures up to 70°C at relative 
humidites of 40-90%. 

Barlow- Whitney Ltd., 
2 Dorset Square, London, N.W.1. 

500-Watt R.F. Power Meter 

The TF1205 is an absorption-type 
instrument for direct measurement of power 
in the range d.c. to 500 Mc/s. The load 
resistor is oil-immersed and cooling of the 
finned outer casing is by free-air convection. 
A heavy-duty high-stability resistor of 
tubular form is employed, so mounted that 
it forms the central conductor of a parallel-
plate line. The input power is fed to the 
'live' end of the resistor by an outward-
tapering section which preserves a constant 
impedance between the connector and the 
relatively large-dimensioned resistor, From 
'live' to `earthy' end of the resistor, the 
broad metal plates which form the outer 
conductor have an inward taper so that 
continuous matching is maintained along 
the whole length of the resistor. The 
complete slab-line assembly is immersed in 
a tank of transformer oil. Cooling fins 

provide a total surface area of over twenty 
square feet. By this means, the overall 
temperature rise of the oil is restricted to 
approximately 30°C. 
The measuring circuit comprises a vacuum 

thermocouple, fed from a tap on the load 
resistor, and a moving-coil meter mounted 
in a separate indicator unit. 
The directly-calibrated meter has a 

substantially linear scale and indicates true 
mean power, irrespective of waveform. 
Intended for direct connection to a coaxial 
cable, the ' power meter has an input 
impedance of 50 ohms. 

Marconi Instruments Ltd., 
St. Albans, Herts. 

Loudspeaker for Portable Receivers 

The latest addition to the range of 
loudspeakers produced by the Plessey 
Company is a 3-in, shallow unit which has 
been specially developed for use in the 
smaller types of portable receivers. 

Overall depth of the standard model is 
I in. and the flux density is 8,500 gauss; 
it employs a magnet with a fin, diameter 
pole. 
The standard voice coil is 3 or 5 ohms 

impedance, but high impedance coils up to 
80 ohms may be fitted if required. 

The Plessey Co. Ltd., 
Ilford, Essex. 

High-Frequency Induction Generator 
The C50/SR 6-kW induction equipment 

is specially designed for silicon refining and 
similar processes where a very high work coil 
kVA is essential. 

It operates at a nominal frequency of 
5 Mc/s and will develop a peak voltage in 
excess of 4,500 V across a work coil of 
0.5 p.1-1. 
The equipment is designed for use with 

work coils of between 03 and 1 cH. As 
the work coil forms the actual tank coil of 
the oscillator, the operating frequency 
varies over a range of 3.5 to 6.5 Mc/s. 

A manual power output control is 
provided in the form of a separate self-
contained voltage regulator. This feeds the 
primary of the high-voltage transformer and 
provides the facility of reducing the anode 
voltage fed to the oscillator valve to 25% of 
the normal value of 5.5 kV d.c. This 
regulator can also maintain a constant 
output at any pre-determined voltage 
setting over its control range. 

Radio Heaters Ltd., 
Eastheath Avenue, Wokingham, Berks. 
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534.121.2 1290 
Variational Treatment of Arbitrarily 

Mass-Loaded Membranes.—E. T. Korn-
hauser & D. B. Van Hulsteyn. (J. acoust. 
Soc. Amer., Nov. 1957, Vol. 29, No. 11, pp. 
1204-1205.) See 921 of 1954 (Kornhauser 
& Mintzer). 

534.133 1291 
Vibrations of a Monoclinic Crystal 

Plate.—E. G. Newman & R. D. Mindlin. 
(J. acoust. Soc. Amer., Nov. 1957, Vol. 29, 
No. 11, pp. 1206-1218.) 

534.21 1292 
Acoustical Radiation from a Point 

Source in the Presence of Two Media.— 
D. I. Paul. (J. acoust. Soc. Amer., Oct. 1957, 
Vol. 29, No. 10, pp. 1102-1109.) Two semi-
infinite isotropic media (porous or non-
porous) are separated by a plane interface. 
Expressions for the resultant wave function 
are obtained by a method of steepest descents 
in a form applicable also to the analogous 
electromagnetic case. See also 3387 of 1947 
(Rudnick). 

534.21-8-14 1293 
Ultrasonic Absorption by Steady 

Thermal Method.—S. Parthasarathy & 
S. S. Mathur. (Ann. Phys., Lpz., 20th Dec. 
1956, Vol. 19, Nos. 3-5, pp. 242-246. In 
English.) A new method of determining 
ultrasonic absorption coefficients in liquids 
is described. 
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534.21-8-14 1294 
Ultrasonic Pulse Technique for 

Measuring Acoustic Losses and 
Velocities of Propagation in Liquids as 
a Function of Temperature and Hydro-
static Pressure.—H. J. Meskimin. (J. 
acoust. Soc. Amer., Nov. 1957, Vol. 29, No. 11, 
pp. 1185-1192.) 

534.212: 534.121.2 1295 
On the Transmission of a Spherical 

Sound Wave through a Stretched 
Membrane.—G. L. Lamb, Jr. (J. acoust. 
Soc. Amer., Oct. 1957, Vol. 29, No. 10, pp. 
1091-1095.) 

534.22-14: 546.212 1296 
Speed of Sound in Water by a Direct 

Method.—M. Greenspan & C. E. Tschiegg. 
(J. Res. nat. Bur. Stand., Oct. 1957, Vol. 59, 
No. 4, RP 2795, pp. 249-254.) The speed of 
sound in distilled water was measured over 
the temperature range 0°-100°C to within 
1 part in 30 000. Details of the method and 
equipment are given and results are 
tabulated. 

534.23 1297 
Representation of the Field of an 

Acoustic Source as a Series of Multipole 
Fields.—H. L. Ocstreicher. (J. acoust. Soc. 
Amer., Nov. 1957, Vol. 29, No. 11, pp. 
1219-1222.) 

534.23 1298 
Field of a Spatially Extended Moving 

Sound Source.—H. L. Oestreicher. (J. 
acoust. Soc. Amer., Nov. 1957, Vol. 29, No. 11, 
pp. 1223-1232.) 
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534.231 1299 
Oppositely Directed Plane Finite 

Waves.—R. D. Fay. (J. acoust. Soc. Amer., 
Nov. 1957, Vol. 29, No. 11, pp. 1200-1203.) 
An adaptation of the analytical method 
described earlier ( 1300 of 1957) to determine 
the sound field of waves progressing in 
opposite directions. 

534.232-14-8: 534.133 1300 
Relation between Efficiency of Quartz 

Transducers and Ultrasonic Absorp-
tion Coefficient of Liquids: Parts I & 
2.—S. Parthasarathy & P. P. Mahendroo. 
(Z. Phys., 6th Feb. 1957, Vol. 147, No. 5, 
pp. 573-581. In English.) Report on 
experimental investigations of absorption in 
organic liquids and discussion of the result-
ing transducer efficiency curves. See also 
324 of 1957 (Parthasarathy & Narasimhan). 

534.24 1301 
Reelection on a Rough Surface from 

an Acoustic Point Source.—M. A. Biot. 
(J. acoust. Soc. Amer., Nov. 1957, Vol. 29, 
No. 11, pp. 1193-1200.) 

534.613 1302 
Acoustic Torques and Forces on 

Disks.—J. B. Keller. (J. acoust. Soc. Amer., 
Oct. 1957, Vol. 29, No. 10, pp. 1085-1090.) 

534.78 1303 
Acoustics and Physiology of Phona-

tion.—R. Husson. (J. Phys. Radium, March 
1957, Vol. 18, Supplement to No. 3, Phys. 
appl., pp. 23A-35A.) 

621.395.61+ 621.395.62 
Real-Power Damping 

acoustic Transducers .—T. 

1304 
of Electro-

Hayasaka. 
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(Rep. elect. Commun. Lab., Japan, Sept. 1957, 
Vol. 5, No. 9, pp. 1-3.) Real-power 
damping is defined. Design methods using 
this are similar to those minimizing vector 
power damping. 

621.395.623.7.012 1305 
Panoramic Representation of the 

Sound Field.-G. G. Sacerdote & C. 
Bordone-Sacerdote. (J. acoust. Soc. Amer., 
Nov. 1957, Vol. 29, No. 11, pp. 1165-1168.) 
Note of records obtained using a sonagraph 
method of recording the sound field of a 
rotating loudspeaker fed by white noise. 
See 2950 of 1956. 

621.395.625.3 : 621.397.5 1306 
The Ampex Video Tape-Recording 

System.-Snyder. (See 1568.) 

AERIALS 
AND TRANSMISSION LINES 

621.314.22: 621.317.343.2 1307 
Measurement of the Characteristic 

Impedance of a Coaxial Cable.-
D'Alton. (See 1496.) 

621.372.2 1308 
The Helical Line with a Coaxial 

Cylindrical Attenuating Layer.-G. 
Landauer. (Arch. elekt. Übertragung, July 
1957, Vol. 11, No. 7, pp. 267-277.) The 
attenuated helical line is analysed by con-
sidering a coaxial system formed by an 
obliquely conducting cylinder with in-
finitely thin walls and a cylindrical semi-
conducting outer shell. Attenuation and 
phase rotation are plotted as a function of 
the surface resistance of the attenuating 
cylinder. Two different surface résistances 
can produce the same attenuation but 
different phase velocities. 

621.372.2 : 621.318.134 1309 
Microwave Magnetic Field in Di-

electric-Loaded Coaxial Line.-B. J. 
Duncan, L. Swern &. K. Tomiyasu. (Proc. 
Inst. Radio Engrs, Feb. 1958, Vol. 46, No. 2, 
pp. 500-502.) Additional experimental 
work and theoretical considerations show 
that the probable mode configuration for a 
coaxial line half filled with a low-loss high-
dielectric-constant material suggested in an 
earlier paper [2023 of 1957 (Duncan et al.)] 
should be rotated by 180° relative to the 
dielectric. 

621.372.8 1310 
Ghost Modes in Imperfect Wave-

guides.-E. T. Jaynes. (Proc. Inst. Radio 
Engrs, Feb. 1958, Vol. 46, No. 2, pp. 416-
418.) Microwave resonances exist which 
are nonradiating and thus have high Q, 
although the fields are not enclosed com-
pletely by metallic walls. Complicated 
resonance effects observed in waveguides 
operating close to the cut-off frequency of a 
propagation mode are explained. These 
spurious resonances are analogous to certain 
phenomena observed in imperfect crystals 
of solid-state materials. 
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621.372.8: 537.226 1311 
Shielded Dielectric Waveguide.-H. 

Uchida, S. Nishida & H. Shioya. (Sci. 
• Rep. Res. Inst. Tohoku Univ., Ser. B, June 
1956, Vol. 8, No. I, pp. 7-22.) A theoretical 
analysis of a shielded dielectric waveguide 
shows the existence of both symmetrical 
E and H waves. The dominant mode of 
the latter is easily propagated and has a low 
transmission loss. They both have similar 
cut-off frequencies but the E wave may be 
suppressed. 

621.372.8: 621.018.75 1312 
Influence of Wall Losses on Pulse 

Propagation in Waveguides. - R. 
Gajewski. (J. appl. Phys., Jan. 1958, 
Vol. 29, No. 1, pp. 22-24.) " Assuming 
that the resistivity of waveguide walls is 
not too large, the influence which energy 
losses have upon the shape of a pulse 
propagating along the waveguide is dis-
cussed. It is found that pulses are damped 
with a damping factor equal in the first 
approximation to that in a steady state." 

621.372.829 1313 
Propagation of Waves in Helical 

Waveguides.-Chiao-Min Chu. (J. appl. 
Phys., Jan. 1958, Vol. 29, No. 1, pp. 88-89.) 
An analysis is developed for determining the 
effects of wire size and shape on the attenua-
tion and harmonic fields of monofilar and 
multifilar helices. Calculated attenuation 
characteristics agree well with experimental 
data. 

621.372.831 1314 
Junction of Smooth Flared Wave-

guides.-D. J. Leonard & J. L. Yen. 
(J. appl. Phys., Dec. 1957, Vol. 28, No. 12, 
pp. 1441-1448.) " Stevenson's general 
theory of e.m. horns or flared waveguides 
[1841 of 1952], which is valid only for 
geometrical configurations whose cross-
sections are continuous along the direction 
of propagation together with their first and 
second derivatives, is generalized to include 
sudden jumps in the first derivatives of the 
cross-sections." 

621.372.85.011.21 1315 
A Physical Interpretation of Impe-

dance for Rectangular Waveguides.-
J. A. Lane. (Proc. phys. Soc., 1st Dec. 1957, 
Vol. 70, No. 456B, pp. 1173-1174.) Impe-
dance measurements on narrow transverse 
films in the centre of a rectangular wave-
guide indicate that the most appropriate 
definition of impedance for such obstacles is 
one based on total transmitted power and 
maximum transverse voltage. 

621.372.852.3 1316 
An Improved Microwave Attenuator 

for Military Use.-F. L. Rose. (Bell 
Lab. Rec., Oct. 1957, Vol. 35, No. 10, 
p. 418.) 

621.372.852.323: 621.318.134 1317 
A Nonreciprocal Attenuator (Isolator) 

for 4 Gc/s.-J. Deutsch & W. Haken. 
(Frequenz, July 1957, Vol. 11, No. 7, pp. 
217-220.) Description of a 313-4.2-kMc/s 
ferrite-type isolator; the reflection co-
efficient is about 1% over the whole 
frequency range, reverse attenuation is 
greater than 13 dB and forward attenuation 
about 0.5 dB. 

621.396.67: 621.396.11 1318 
Interaction between Two Aerials.-J. 

Robieux. (C. R. Acad. Sci., Parer, 12th Aug. 
1957, Vol. 245, No. 7, pp. 793-796.) A 
general expression for the transmission of 
energy from one aerial to another is derived 
on the assumptions that (a) both aerials have 
directivity and (b) they are so far apart that 
the radiation of one is unaffeeted by the 
other. Applications of the expression are 
suggested for cases of tropospheric propaga-
tion, or radiation involving diffraction. 

621.396.67.012.12 1319 
Graphical Solution of the Radiation 

from Aerial Systems Composed of Two 
Active Elements.-V. Caha. (Slab. Obz., 
Praha, March 1957, Vol. 18, No. 3, pp. 
144-149.) A theoretical analysis of the 
radiation diagrams of aerial systems with 
two active elements. Details of a direct 
geometric procedure for drawing these 
diagrams are given. 

621.396.67.029.6+ 621.372.8] (091) 1320 
Microwave Antenna and Waveguide 

Techniques before 1900.-J. F. Ramsay. 
(Proc. Inst. Radio Engrs, Feb. 1958, Vol. 46, 
No. 2, pp. 405-415.) In the years between. 
1888 when Hertz initially demonstrated 
radio waves and 1900 when Marconi 
established radio communication, experi-
menters developed microwave devices and 
techniques anticipating much of present-day 
practice. A historical review is given of 
aerials and waveguides of the period with 
some reference to associated microwave 
techniques. 

621.396.674.3-415 1321 
Rolled Triangular-Sheet Antennas.-

J. R. McDougal, S. Adachi & Y. Mushiake. 
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. B, Dec. 
1956, Vol. 8, No. 3, pp. 125-132.) A dipole 
made up of two spirally rolled right-angled 
triangular metal sheets has a power pattern 
and input impedance suitable for wide-band 
application in the full-wavelength region. In 
the half-wavelength region the dipole 
approximates to an ordinary cylindrical 
dipole. 

621.396.676 1322 
Capacity Feed for the Mobile Whip.-

J. M. Osborne. (Short Wave Mag., Oct. 
1957, Vol. 15, No. 8, pp. 408-410.) Details 
of a capacitive feed system for a whip aerial 
for mobile use. 

621.396.677 1323 
Simple Two-Band Cubical Quad.-C. 

Teale. (Short Wave Mag., Oct. 1957, Vol. 15, 
No. 8, pp. 406-407.) Design and con-
structional details of an inexpensive direc-
tional aerial array of small dimensions for 
10 and l5mÀ with a gain of 8-10 dB. 

621.396.677.3 1324 
More about the Minibeam.-G. A. 

Bird. (R.S.G.B. Bull., Oct. 1957, Vol. 33, 
No. 4, pp. 168-172.) Additional con-
structional and operational details of an 
aerial array for 10, 15 and 20 m A of a 
design described earlier (ibid., Feb. 1956, 
Vol. 31, No. 8, pp. 355-358). 

621.396.677.7/.8 1325 
The Design of Horn-Parabola Aerials. 

-H. Laub. (Frequenz, July 1957, Vol. 11, 
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No. 7, pp. 201-207.) The dependence of the 
aerial dimensions on the angle of illumina-
tion is investigated. See also 2628 of 1956 
(Laub & Steihr). 

621.396.677.71 1326 
Pattern of a Flush-Mounted Micro-

wave Antenna.-J. R. Wait. (J. Res. nat. 
Bur. Stand., Oct. 1957, Vol. 59, No. 4, RP 
2796, pp. 255-259.) "The numerical results 
for the far-zone radiation from an axial slot 
on a circular cylinder of perfect con-
ductivity and infinite length are discussed. It 
is shown that the results for large-diameter 
cylirklers can be expressed in a universal 
form that is suitable for pattern calculations 
for arrays of slots on a gently curved surface." 
See also 355 of 1957 (Wait & Kates). 

621.396.677.71 1327 
Radiation from Slots on Dielectric-

Clad and Corrugated Cylinders.-J. R. 
Wait & A. M. Conda. (J. Res. nat. Bur. 
Stand., Nov. 1957, Vol. 59, No. 5, RP 2802, 
pp. 307-316.) "An approximate formula is 
derived for the radiation pattern of an 
axially slotted cylinder with a thin dielectric 
coating. The accuracy of the formula is 
shown to be sufficient for practical purposes. 
Using a similar method, the pattern function 
for a slot on a corrugated cylinder is derived. 
Extensive numerical results are presented 
for both dielectric-clad and corrugated 
cylinders." 

621.396.677.8 1328 
On Focusing Electromagnetic 

Rádiators.-R. W. Bickmore. (Ganad. J. 
Phys., Nov. 1957, Vol. 35, No. 11, pp. 1292-
1298.) "The transmission of electromagnetic 
energy between two apertures is examined 
as a function of their sizes, separation, 
excitation functions, and surface shapes with 
Fresnel approximations made throughout. 
Relations are derived which show when it is 
advantageous to focus the apertures by 
curving about a spherical surface." 

621.396.677.8 1329 
Fraunhofer Pattern Measurement in 

the Fresnel Region.-R. W. Bickmore. 
(Ganad. J. Phys., Nov. 1957, Vol. 35, No. 11, 
pp. 1299-1308.) The Fraunhofer pattern of 
an aperture may be obtained by probing the 
field at a radius of O. 1 (PM instead of 2/2/A, 
provided the aperture can be moulded to a 
radius of curvature less than 2/2/A. There is 
less inherent phase error in the main-lobe 
region than in measurements on a plane 
aperture at 2/2/A. 

621.396.677.81 1330 
Reflection of a Plane Wave at a Wire 

Mesh in the Case of Normal Polariza-
don.-V. G. Yampol'skii. (Radiotekhnika, 
Mosk., Nov. 1956, Vol. 11, No. II, pp. 
33-37.) The reflection of a plane e.m. wave 
at a wire mesh consisting of equidistant 
circular conductors is considered for the case 
in which the field intensity vector of the 
incident wave is perpendicular to the axes 
of the conductors. 

621.396.677.81: 621.396.932.1 1331 
Current Distribution on Vertical 

Cylindrical Reflectors.-G. Ziehm. 
(Frequenz, Aug. 1957, Vol. 11, No. 8, 
pp. 233-243.) Problems arising in ship d.f. 

equipment due to the effects of parasitic 
currents are discussed. The magnitude and 
distribution of vertical currents are deter-
mined for various types of aerial and are 
shown graphically. Suggestions for mini-
mizing errors are based on these investi-
gations. 

621.396.677.833.2: 621.396.65 1332 
Aerials for 4 000-Mc/s Radio Links.-

R. L. Corke & J. Hooper. (P.O. elect. 
Engrs' J., Oct. 1957, Vol. 50, Part 3, 
pp. 178-185.) " After a brief discussion of 
normal radio propagation losses a simple 
explanation is given of the way microwave 
aerials function. A particular form of the 
paraboloidal reflector aerial is then described 
in some detail." 

AUTOMATIC COMPUTERS 

681.142 1333 
A Unique Approach to Computer 

Versatility.-L. S. Michels. (Electronic 
Ind. Tele-Tech, Oct. 1957, Vol. 16, No. 10, 
pp. 72-75.. 142.) The need for a computer 
which can pe'rform specialized computations 
as well as general data processing is met by 
the integration of a general-purpose com-
puter with a digital differential analyzer. 
The design involves a shared storage system 
and special input/output facilities. 

681.142 1334 
Description of a Large Electronic 

Computer.-A. P. Speiser. (Bull. schweiz. 
elektrotech. Ver., 9th Nov. 1957, Vol. 48, 
No. 23, pp. 1013-1016.) Description of the 
IBM Type-704 computer which comprises 
storage units of magnetic tape, core, and 
drum type. 

681.142 1335 
Cycle and Delay Time Considerations 

in a Real-Time Digital Computer.-
H. Freeman. (Commun. ee.. Electronics, 
Nov. 1957, No. 33, pp. 588-593.) Con-
siderable improvement in a computer 
program can be obtained by careful selection 
of cycle and delay times. The criterion of 
information-handling efficiency provides a 
basis for comparing the quality of various 
programs. 

681.142 1336 
Recording and Read-Out Circuits 

for Binary Numbers in a Magnetic-
Drum Storage System.-L. Dadda. 
(Ricerca sci., Aug. 1957, Vol. 27, No. 8, 
pp. 2403-2425.) Details of the storage 
system used in the computer Type CRC 102A 
at the Milan Polytechnic. See also 3758 
of 1957. 

681.142 1337 
A Swiss Analogue Computer.-E. 

Jucker. (Bull. schweiz. elektrotech. Ver., 
9th Nov. 1957, Vol. 48, No. 23, pp. 1017-
1020.) An electromechanical system is 
described in which quantities are repre-
sented by a.c. voltage amplitudes and by 
the angle of rotation of shafts in a servo 
system. 
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681.142: 537.312.62 1338 
Trapped-Flux Superconducting 

Memory.-J. W. Crowe. (IBM J. Res. 
Developm., Oct. 1957, Vol. 1, No. 4, pp. 294-
303.) " A memory cell based on trapped 
flux in superconductors has been built and 
tested. The cell is constructed entirely by 
vacuum evaporation of thin films and can 
be selected by coincident current or by 
other techniques, with drive-current require-
ments less than 150 mA. The short 
transition time of the trapped-flux cell 
indicates its possible use in high-speed 
memories. The superconductive film 
memory does not exhibit the problems of 
'delta noise' in core memories resulting from 
the difference in half-select pulse outputs." 

681.142: 537.312.62 1339 
An Analysis of a Persistent-Super-

current Memory Cell.-R. L. Garwin. 
(IBM J. Res. Developm., Oct. 1957, Vol. 1, 
No. 4, pp. 304-308.) A theoretical model 
of a storage cell based on thin films of super-
conductors is discussed. An experimental 
device built to resemble the model was 
found to have the predicted behaviour. 

681.142: 621.385.832 1340 
A Binary-Weighted Current Decoder. 

-E. J. Smura. (IBM J. Res. Developm., 
Oct. 1957, Vol. 1, No. 4, pp. 356-362.) 
A method for driving c.r. tubes from digital 
equipment is described, in which the 
deflection yoke is fed directly from binary-
weighted constant-current sources. Design 
considerations are outlined and a com-
parison is made with other methods. 

681.142: 621.396.828 1341 
Radio-Interference Control as Applied 

to Business Machines.-Sarley & Hen-
dery. (See 1542.) 

CIRCUITS 
AND CIRCUIT ELEMENTS 

621.3.011.21 : 621.314.7 : 621.372.52 1342 
Negative Impedances, Transistors 

and Feedback Circuits and their Inter-
relations.-T. Scheler & H. W. Becke. 
(Frequenz, July & Aug. 1957, Vol. 11, 
Nos. 7 & 8, pp. 207-217 & 250-259.) The 
use of transistors in negative-impedance 
feedback circuits is investigated and the 
influence of transistor characteristics on the 
network parameters is determined theoreti-
cally and by measurement. Some practical 
difficulties are discussed. 

621.3.049.7 1343 
Mechanics of Electronics.-W. D. 

Cussins. (Wireless World, March 1958, 
Vol. 64, No. 3, pp. 133-137.) Some 
suggestions for layout and mechanical 
design of equipment. 

621.3.09 1344 
The Influence of the Coefficients of 

the Transfer Function of a Trans-
mission System on the Output Char-
acteristics as a Function of Time.-R. 
Hofmann & W. Walcher. (Arch. elekt. 
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übertragung, Aug. 1957, Vol. 11, No. 8, pp. 
321-324.) The input considered is in the 
form of a step function. 

621.314.22.029.55: 621.318.134 1345 
On the Use of Ferrites in Wide-Band 

H.F. Transformers.-(Point to Point Tele-
commun.,June 1957, Vol. 1, No. 3, pp. 22-25.) 
Design problems encountered using ferrite 
cores in h.f. power transformers are dis-
cussed including methods of heat dissipation. 
Characteristics of two commercially avail-
able designs are given. 

621.318.57: 621.375.132.3 1346 
Electronic Switch doubles as Cathode 

Follower.-R. Benjamin. (Electronics, 17th 
Jan. 1958, Vol. 31, No. 3, pp. 81-83.) 
"Basic two-way electronic switch may be 
expanded to multiway unit by adding input 
selector circuits, or may be used as a pre-
cision cathode follower by eliminating the 
selector. Circuit has near-infinite input 
impedance and near-zero output impedance. 
Comparator compensation permits accuracy 
of 0 • 1% over ± 100 V." 

621.318.57: 621.396.669 1347 
An Electronic Transmitter-Receiver 

Antenna Switch.-E. Arvonio. (QST, 
Oct. 1957, Vol. 41, No. 10, pp. 32-33.) 
Description of a twin-triode circuit for 
instantaneous break-in operation. 

621.319.45 1348 
Miniaturized Tantalum Solid Electro-

lytic Capacitors.-F. S. Power. (Bell Lab. 
Rec., Oct. 1957, Vol. 35, No. 10, pp. 419-
422.) The replacement of an aqueous 
electrolyte by an oxide film results in an 
improvement in the low-temperature char-
acteristics and an extension of the frequency 
range. These capacitors also have the 
advantage of storing more charge per 
unit volume than previous types. 

621.372.001.1 1349 
Theory of Electrical Networks with 

Nonlinear Elements.-J. J. Schâffer. 
(Arch. Elektrotech., 20th May 1957, Vol. 43, 
No. 3, pp. 151-168.) Mathematical treat-
ment making use of almost periodic 
functions. 

621.372.41 : 621.318.424 1350 
The Occurrence of Abnormal States 

in Certain Ferroresonant Circuits.-M. 
Panet. (C. R. Acad. Sci., Paris, 19th Aug. 
1957, Vol. 245, No. 8, pp. 834-837.) Two 
identical parallel resonance circuits incor-
porating coils with iron cores are connected 
in series. Conditions are examined under 
which an applied alternating voltage is not 
equally distributed between the circuits. See 
also 2986 of 1956 (Skalnik). 

621.372.412 1351 
The Problem of Increasing the Fre-

quency Stability of Crystal Oscillators 
by means of Compensation.-G. Becker. 
(Arch. elekt. übertragung, July 1957, Vol. 11, 
No. 7, pp. 289-294.) Herzog's method (2734 
of 1952) of improving the Pierce oscillator 
by including a compensating resistance is 
investigated. The dependence of the 
oscillator frequency on the circuit para-
meters, with or without compensation, is 
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calculated. The advantages of compensation 
are offset by serious drawbacks especially in 
crystal-clock applications. 

621.372.5 : 512.831 1352 
The Calculation of Linear Circuits.-

W. Klein. (Arch. elekt. übertragung, Aug. 
1957, Vol. II, No. 8, pp. 341-347.) Circuit 
components, which may include valves, 
transistors and transformers, are set up in 
the form of a multipole admittance matrix; 
from this five determinants are obtained. 

621.372.5: 621.316.82 1353 
Theory of Networks of Linearly 

Variable Resistances.-H. Levenstein. 
(Proc. Inst. Radio Engrs, Feb. 1958, Vol. 46, 
No. 2, pp. 486-493.) A network of fixed 
resistances and linear rheostats driven by a 
common shaft can replace nonlinear 
elements. Such networks are amenable to 
good design techniques and can be described 
in a mathematical form analogous to that of 
fixed RL networks. 

621.372.5.018.783: 621.375.4.029.4 1354 
Theoretical and Experimental 

Investigation of Distortion in Low-
Frequency Junction-Transistor Quadri-
poles.-G. A. Spescha & M. J. O. Strutt. 
(Arch. elekt. übertragung, Aug. 1957, Vol. 11, 
No. 8, ' pp. 307-320.) Expressions are 
derived for calculating distortion by differ-
entiating the quasilinear hybrid parameters 
of the quadripole. Methods are described of 
measuring distortion in junction-transistor 
quadripoles in earthed-base, earthed-emitter, 
and earthed-collector circuits. Calculated 
and measured results are compared for the 
earthed-base and for the earthed-emitter 
circuits; close agreement is found. The 
application of the results of the investigation 
to the design of transistor amplifiers is 
discussed. See also 2392 of 1957 (Meyer). 

621.372.54: 621.372.412 1355 
High-Frequency Crystal Filter Design 

Techniques and Applications.-D. I. 
Kosowsky. (Proc. Inst. Radio Engrs, Feb. 
1958, Vol. 46, No. 2, pp. 419-429.) Com-
mercially available h.f. crystal filters exhibit 
performance characteristics previously attain-
able only at lower frequencies. Filters 
normally consist of from two to eight quartz 
resonators in a lattice or bridge network and 
are characterized by high Q and stability 
under extreme environmental conditions. 
Normal values of Q for filter components in 
the 1-40-Mc/s range are from 50 000 to 
200 000; in certain filters, element Q's 
exceed 1 000 000. By eliminating the need 
for multiple frequency conversions, the small 
rugged filters are useful in many a.m., s.s.b. 
and f.m. receivers as well as single-sideband, 
generators. 

621.372.54: 621.396.828 1356 
Low-Pass Filters for Mobile Use.-

W. Rudolph. (QST, Oct. 1957, Vol. 41, 
No. 10, pp. 24-25.) Constructional details 
are given of simple compact filters for the 
suppression of radiation at television 
frequencies from mobile transmitters opera-
ting at frequencies below 30 Mc/s and in 
the 50-54-Mc/s range. 

621.372.54.029.62/.63 : 621.372.2 1357 
Transmission-Line Low-Pass Filters. 

-F. Charman. (Electronic Radio Engr, 

March 1958, Vol. 35, No. 3, pp. 103-111.) 
The networks consist of sections of line with 
suitably constructed lumped shunt capad-
tance. Design curves are given, and 
practical models are illustrated. 

621.372.543.2 1358 
Design of Three-Resonator Dissipa-

tive Band-Pass Filters having Minimum 
Insertion Loss.-M. Dishal /Ir. B. Sellers: 
J. J. Taub & B. F. Bogner. (Proc. Inst. 
Radio Engrs, Feb. 1958, Vol. 46, No. 2, 
pp. 498499.) Comment on 2370 of 1957 
and authors' reply. 
• 

621.372.543.2 (083.57) 1359 
Band-Pass Filter Design Technique. 

-D. R. J. White, (Electronics, 3rd Jan. 
1958, Vol. 31, No. 1, pp. 79-81.) 
"Universal curves provide design informa-
tion for Butterworth and Tchebycheff 
stagger-tuned filter networks for band-pass 
amplifiers. Required number of stages, 
centre frequency, cut-off frequencies, and 
stage gain requirements can be determined." 

621.373.1: 538:632 1360 
Galvanomagnetic Oscillators.-V. N. 

Bogomolov. (Zh. te/ch. Fit., April 1957, 
Vol. 27, No. 4, pp. 663-674.) The type of 
Hall-effect oscillator described has an 
efficiency of 37.5%. 

621.373.42 1361 
An Ultrastable Keyed V.F.O.-J. M. 

Shulman. (QST, Oct. 1957, Vol. 41, 
No. 10, pp. 34-39.) High stability is 
achieved by constructing the variable tuned 
circuit, which has a high Q and is of rigid 
construction, as a single unit separate from 
the remainder of the oscillator. Clickless 
keying is obtained by a relatively small 
change in screen grid potential. 

621.373.421.11 1362 
Self-Oscillatory Systems with Two 

Degrees of Freedom at Multiple Fre-
quencies.-G. M. Utkin. (Radiotekhnika, 
Mosk., Oct. 1956, Vol. 11, No. 10, pp. 66-
76.) Mathematical analysis of the operation 
of an oscillator using two coupled tuned 
circuits resonating at frequencies one of 
which is an approximate multiple of the 
other. Expressions are derived for the 
oscillator frequencies and their instability 
as a function of the instability of the tuned 
circuits and the supply voltages. 

621.373.43 1363 
Idealized Treatment of Relaxation 

Oscillator Circuits.-M. Draganescu. 
(Bul. Inst. polit. Bucuresti., Jan./June 1956, 
Vol. 18, Nos. 1/2, pp. 231-244.) Topo-
logical analysis of idealized circuits with the 
introduction of critical-point notation. A 
correct solution can only be obtained if the 
system oscillates. 

621.373.52 1364 
Transistor Oscillator supplies Stable 

Signal.-L. H. Dulberger. (Electronics, 
31st Jan. 1958, Vol'. 31, No. 5, p. 43.) 
"Colpitts circuit, employing one germanium 
transistor and one Zener diode, operates 
from a laboratory regulated power supply 
to maintain a sine-wave voltage of precise 
amplitude." 

Electronic ee Radio Engineer, May 1958 



621.373.52: 621.373.431.1 1365 
Determination of the Frequency of a 

Transistor Muhivibrator between 4 and 
4 000 c/s.—M. Bichara. (C. R. Acad. Sri., 
Paris, 26th Aug. 1957, Vol. 245, No. 9, 
pp. 896-898.) Experimental and theoretical 
results supplement those of McDuffie (682 
of 1953) for the pulse duration and repetition 
rate of an astable transistor multivibrator 
circuit. 

621.374.3 1366 
Pulse Height Selector with Constant 

Analysis Time.—M. Spighel & L. Pénege. 
(J. Phys. Radium, March 1957, Vol. 18, 
Supplement to No. 3, Phys. appl., pp. 19A-
22A.) A single-channel pulse height 
selector with an analysis time constant to 
within 2 x 10-8 s independent of the pulse 
height is described. 

621.374.3: 621.314.7 1367 
Unusual Transistor Circuits.—P. L. 

Burton & J. Willis. (Wireless World, 
March 1958, Vol. 64, No. 3, pp. 107-110.) 
The main features of design and a physical 
explanation of the action are given for 
voltage catching, transistor pump, emitter-
squared follower and transistor gating 
circuits. 

621.374.3.029.65 1368 
Millimicrosecond Pulses in the Milli-

metre-Wave Region.—C. A. Burrus. 
(Rev. sri. Instrum., Dec. 1957,. Vol. 28, 
No. 12, pp. 1062-1065.) A technique is 
described for the generation, amplification 
and detection of pulses in the 5-6-mm 
region. The pulses are 3 mes wide at the 
base, with a peak power of a few milliwatts. 

621.374.32 1369 
Forty-Megacycle Scaler.—M. Naka-

mura. (Rev. sci. Instrum., Dec. 1957, Vol. 28, 
No. 12, pp. 1015-1020.) The scaler has 
a scale of eight and uses a fast flip-flop as a 
basic element. The latter can be triggered 
at a rate higher than 50 Mc/s and has a 
double-pulse resolution of 20 mils. 

621.374.32 1370 
Decade Decimal Counter speeds 

Printed Read-Out.—R. W. Wolfe. (Elec-
tronics, 17th Jan. 1958, Vol. 31, No. 3, 
pp. 88-90.) "High-speed circuit uses 
magnetron beam-switching tubes to sample, 
store and provide multi-output functions 
without stopping the original count or 
losing input information during read-out." 

621.375.1.012.6 1371 
Amplifier Low-Frequency Compen-

sation.—J. E. Flood & J. E. Haider. 
(Electronic Radio Engr, March 1958, Vol. 35, 
No. 3, pp. 92-100.) General expressions 
are deduced for the indicial response ( i.e. 
response to unit step input) and gain/ 
frequency and phase/frequency response, 
leading to conditions for maximal flatness. 
Compensation is then considered, together 
with the effects of negative feedback. 
Multistage amplifiers are also discussed. 

621.375.1.029.4: 621.376.54 1372 
Pulse Method for the Amplification 

of A.F. Oscillations.—V. V. Malanov. 
(Radiotekhnika, Mosk., Oct. 1956, Vol. 11, 
No. 10, pp. 38-46.) The advantages and 
efficiency of a p.w.m. method are discussed. 

621.375.132.018.756 1373 
Dynamic Range of Negative-Feed-

back Pulse Amplifiers.—V. Pauker. 
(Bul. Inst. polit. Bucuresti, Jan./June 1956, 
Vol. 18, Nos. 1/2, pp. 245-252.) Analysis 
of the limiting conditions for grid current 
in two- or three-stage amplifiers. 

621.375.2.029.3 1374 
More Transformerless Amplifiers.— 

(Wireless World, March 1958, Vol. 64, No. 
3, pp. 145-146.) A review of recent work 
published since an earlier article ( 1030 of 
1957). Single-input series-connected and 
Petersen-Sinclair output stages ( 1250 of 
1952) are discussed. 

621.375.4.029.33 1375 
Practical Circuits of Video Ampli-

fiers using Junction Transistors.— 
T. M. Agakhanyan & Yu. A. Volkov. 
(Radiotekhnika, Mosk., Nov. 1956, Vol. 11, 
No. 11, pp. 38-44.) Practical circuits with 
two types of Russian transistor are described. 
Complex feedback is used in order to reduce 
the distortion of the leading edges of the 
pulses. 

621.375.9: 538.569.4.029.63 1376 
: 621.396.822 

Noise Temperature Measurement 
on a Solid-State Maser.—A. L. 
McWhorter, J. W. Meyer & P. D. Strum. 
Phys. Rev., 15th Dec. 1957, Vol. 108, 
No. 6, pp. 1642-1644.) Noise measure-
ments have been made on a three-level, 
2 800-Mc/s maser operating at 1.25°K, 
with sufficient accuracy to establish that its 
noise temperature does not exceed 20°K. 

621.375.9: 621.385.029.64: 537.533 1377 
A Parametric Electron-Beam Ampli-

fier.—Bridges. (See 1606.) 

621.376.32 1378 
The Optimum Design of a Tunable 

Multiplier for Frequency-Modulated 
Oscillations.—H. Schitinfelder. (Frequenz. 
Aug. 1957, Vol. 11, No. 8, pp. 244-249.) 
The design of tunable frequency multipliers, 
containing simple one- or two-stage filters 
in the individual multiplier stages, is investi-
gated. 70-dB adjacent-channel attenuation 
and 3% distortion can be achieved if the 
multiplication per stage does not exceed 5:1. 
The fundamental frequency should not be 
less than about 1 Mc/s. 

621.376.332 1379 
Combined Limiter and Discrimina-

tor.—J. W. Head & C. G. Mayo. (Electronic 
Radio Engr, March 1958, Vol. 35, No. 3, 
pp. 85-88.) The limiter incorporates a 
3rd-harmonic rejector in series with the 
diode. Distortion less than 0 . 1% of any 
harmonic is easily obtained, and stray 
capacitances are small, leading to high 
sensitivity and output. 

Electronic ee Radio Engineer, May 1958 

621.376.5 1380 
Pulse Detector with an Inductance-

Capacitance Filter.—E. L. Gerenrot. 
(Radiotekhnika, Mosk., Oct. 1956, Vol. 11, 
No. 10, pp. 30-37.) An ideal detector with 
an LCR filter is considered taking into 
account the internal impedance of the 
current source. A method is proposed for 

calculating the voltage at the load, when 
detecting pulses of arbitrary shape, and the 
necessary formulae are derived. 

GENERAL PHYSICS 

530.112: 530.12: 531.18 1381 
The Ether and the Special Theory of 

Relativity.—A. Datzeff. (C. R. Acad. Sri., 
Paris, 19th & 26th Aug. 1957, Vol. 245, 
Nos. 8 & 9, pp. 827-829 & 891-894.) An 
ether which is immobile in its immediate 
surroundings but capable of a movement of 
translation is suggested. It is hoped that 
this hypothesis will provide a physical 
explanation of electrodynamic and other 
phenomena and will not be inconsistent 
with the results of the special theory of 
relativity. 

535.56-15 1382 
Polarimetry in the Infrared.—R. 

Duverney & A. M. Vergnoux. (J. Phys. 
Radium, Aug./Sept. 1957, Vol. 18, Nos. 8/9, 
pp. 526-536.) 

537.12 1383 
Connection between Electron Tem-

perature Determination by means of 
the Langmuir Probe Method and the 
Two-Probe Method.—V. I. Tverdokh-
lebov. (Zh. te/ch. Fiz., April 1957, Vol. 27, 
No. 4, pp. 753-755.) 

537.122: 539.152 1384 
The Lamb Shift.—(Electronic Radio 

Engr, Feb. & March 1958, Vol. 35, Nos. 2 & 
3, pp. 52-55 & 89-91.)An elementary 
account of present-day knowledge con-
cerning the electron, and a discussion of 
Lamb & Retherford's experiment (see e.g. 
Rep. Progr. Phys., 1951, Vol. 14, pp. 19-63) 
in relation to the anomalous magnetic 
moment of the electron. 

537.226: 537.311.3: 530.17 1385 
Use of Complex Conductivity in the 

Representation of Dielectric Pheno-
mena.—F. A. Grant. (J. appl. Phys., 
Jan. 1958, Vol. 29, No. 1, pp. 76-80.) 
A representation for complex conductivity 
is proposed in which a simple Debye 
mechanism results in a semicircular locus. 
A non-zero value of d.c. conductivity does 
not cause this plot to lose its unique shape 
in the low-frequency range. 

537.312.62 1386 
Theory of Superconductivity.—J. 

Bardeen, L. N. Cooper & J. R. Schrieffer. 
(Phys. Rev., 1st Dec. 1957, Vol. 108, No. 5, 
1175-1204.) 

537.321: [621.314.63+537.311.4 1387 
Temperature Rise of Solid Junctions 

under Pulse Load.—E. J. Diebold. 
(Commun. Ce Electronics, Nov. 1957, No. 33, 
pp. 593-598.) The magnitude and duration 
of current pulses are correlated with 
temperature rise in the junction. Use of 
successive approximations assuming that 
various parts of a body (a) are not yet 
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subjected to a temperature increase or 
(b) have already reached a temperature 
differential corresponding to the steady 
state, reduces the problem to a simple case 
of heat diffusion. 

537.533: 621.385.029.6 1388 
Charged Particles in a Nonuniform 

Radio-Frequency Field.—H. A. H. Boot 
& R. B. R. S. Harvie. (Nature, Land., 
30th Nov. 1957, Vol. 180, No. 4596, p. 1187.) 
Under certain conditions particles of either 
sign will experience an acceleration towards 
the position of least field strength. Such an 
acceleration is demonstrated in a 10-cm 
slotted magnetron having no magnetic field 
and a cold cathode. 

538.221 1389 
Theory of Ferromagnetec Anisotropy. 

—W. J. Carr, Jr. (Phys. Rev., 1st Dec. 
1957, Vol. 108, No. 5, pp. 1158-1163.) By 
means of a viral theorem and perturbation 
theory, the anisotropy energy of a ferro-
magnetic crystal is expressed in terms of the 
Coulomb energy alone. This is approxi-
mated by a multipole expansion and .the 
anisotropy &instants are given in terms of 
electric multipole moments and crystalline-
potential constants. The multipole moments 
which arise from the orbital angular 
momentum induced by spin-orbit coupling 
have been estimated from the known 
values of angular momentum. 

538.221: 548.0 1390 
Effect of Crystalline Electric Fields 

on Ferromagnetic Anisotropy.—W. P. 
Wolf. (Phys. Rev., 1st Dec., 1957, Vol. 108, 
No. 5, pp. 1152-1157.) The effect of the 
electrostatic crystalline field has been con-
sidered for a magnetic crystal in which the 
ions are strongly coupled by ferromagnetic 
exchange. On the basis of the one-ion 
approximation that the exchange can be 
represented by a Weiss molecular field, 
expressions for the anisotropy constants 
have been derived. The treatment assumes 
that the magnetic electrons can be con-
sidered as localized on the individual ions, 
and thus applies primarily to nonmetallic 
substances such as ferrites. 

538.244: 538.221 1391 
The Time Sequence and Amplitude 

Distribution of Barkhausen Jumps.— 
K. Jost. (Z. Phys., 6th Feb. 1957, Vol. 147, 
No. 5, pp. 520-530.) Report and dis-
cussion of results obtained in investigations 
of the magnetization of Fe-Ni alloy wire 
speciniens to determine the dependence of 
Barldiausen-jump characteristics on field 
strength and specimen shape. 

538.566 1392 
Some New Aspects of the Reflection 

of Electromagnetic Waves on a Rough 
Surface.—M. A. Biot. (J. appl. Phys., 
Dec. 1957, Vol. 28, No. 12, pp. 1455-1463.) 
The roughness is represented by electro-
magnetically interacting hemispherical 
bosses whose radii and mutual distances 
are small relative to the wavelength. The 
effects of such a surface on both vertically 
and horizontally polarized radiations are 
considered as functions of the angle of 
incidence. 
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538.566: 535.42 1393 
Apparatus for the Experimental 

Study of the Diffraction of Centimetre 
Waves.—J. Mével. (J. Phys. Radium, 
March 1957, Vol. 18, Supplement to No. 3, 
Phys. appl., pp. 45A-53A.) Apparatus 
operating at 1.25 cm À is described for 
determining the phase and intensity at any 
point of the e.m. field. Two versions are 
presented: one for the investigation of 
diffraction near the axis and the other for 
the distant diffraction field. The effect of 
diffracting bodies less than A/100 in size can 
be detected. 

538.566: 535.42 1394 
Diffraction of 3.2-cm Electromagnetic 

Waves by Dielectric Rods: Part 3— 
Lucite 1i-in.-Diameter Semicylinder, 
Fields Very Close to Surface.—C. E. 
Jordan & A. B. McLay. (Ganad. J. Phys., 
Nov. 1957, Vol. 35, No. 11, pp. 1253-
1264.) The diffraction field is examined 
very close to the surface of a lucite semi-
cylindrical rod with its plane surface at 
various orientations relative to the axis of 
propagation of the incident wave. Parts 
1 & 2: 93 of 1957 (Subbarao & McLay). 

538.569.4 1395 
The Microwave Spectrum of TU and 

BiC1, in the 3-cm and 1.5-cm Bands.— 
H. Happ. (Z. Phys., 6th Feb. 1957, 
Vol. 147, No. 5, pp. 567-572.) 

538.569.4: 537.525 1396 
The Characteristic Frequencies of 

Negative Molecular Ions of Oxygen 
between 3 and 13 Mc/s, Observed in 
Ionized-Air Discharge Tubes.—T. V. 
Ionescu & O. C. Gheorghiu. (C. R. Acad. 
Sci., Paris, 26th Aug. 1957, Vol. 245, No. 
9, pp. 898-901.) Absorption frequencies are 
determined from the current variations in a 
coil round a discharge tube containing pure 
air, supplemented in some cases by 02, at 
pressures of 10-2-10-5 mm Hg. Absorption 
frequencies above 5 Mc/s give rise to strong 
absorption at pressures below 10-5 mm Hg. 

538.569.4.029.63: 621.375.9 1397 
: 621.396.822 

Noise Temperature Measurement on 
a Solid-State Maser.—McWhorter, Meyer 
8c. Strum. (See 1376.) 

GEOPHYSICAL AND 
EXTRATERRESTRIAL PHENOMENA 

523.164.32 1398 
Radio Pictures of the Sun.—W. N. 

Christiansen, D. S. Matthewson & J. L. 
Pawsey. (Nature, Lond., 9th Nov. 1957, 
Vol. 180, No. 4593, pp. 944-946.) A 
radioheliograph erected at Sydnèy,Australia, 
combines the principles of the multi-element 
or grating interferometer and the Mills 
cross. It consists of two rows of parabolic 
aerials of 19-ft diameter arranged in the form 
of a cross, each row being 1 240 ft long. 
Diagrams of the lower corona have been 
prepared from observations of 21-cm-A 
radiation. 

523.164.32 1399 
Investigation of Scintillation of the 

Sun Observed at a Wavelength of 
3.2 cm.—I. Kazés. (C. R. Acad. Sci., Paris, 
5th Aug. 1957, Vol. 245, No. 6, pp. 636-
639.) Results of observations including 
simultaneous measurements at 3.2 and 34 
cm A indicate that scintillations are of 
atmospheric origin and are related to 
zenithal height, solar activity and wave-
length. The apparent diameter of the sun 
also fluctuates. 

523.164.32 1400 
Investigation of the Scintillation of 

the Sun Observed using Several Aerials 
on a Wavelength of 3.2 cm.—I. Kazès & 
J. L. Steinberg. (C. R. Acad. Sci., Paris, 
12th Aug. 1957, Vol. 245, No. 7, pp. 
782-785.) Results of measurements of 
scintillation made with three receivers at 
variable distances show that the average 
dimension of the ground shadows is 
170 m; their velocities are compared with 
those of winds at the altitude of the tropo-
pause. 

523.164.32: 523.75 1401 
Polarization of Solar Radio Out-

bursts.—K. Akabane & T. Hatanaka. 
(Nature, Land., Nov. 1957, Vol. 180, No. 
4594, pp. 1062-1063.) Changes in the 
polarization of r.f. emission at 9 kMc/s were 
recorded at Tokyo on 3rd July 1957 during 
a solar flare. 

523.3: 621.396.9 1402 
The Scattering of Radio Waves by 

the Moon.—J. V. Evans. (Proc. phys. Soc., 
1st Dec. 1957, Vol. 70, No. 456B, pp. 
1105-1112.) Measurements of the rapid 
fading of echoes at a frequency of 
120 Mc/s show that the effective scattering 
region has a radius of about one third of 
the lunar radius and is located at the centre 
of the visible disk. Range measurements 
indicate that the echo is returned from the 
front edge, with a power reflection coefficient 
of 0. 1. See also 753 of 1957 (Browne et al.). 

523.74: 538.12 1403 
Sweet's Mechanism for Merging 

Magnetic Fields in Conducting Fluids. 
—E. N. Parker. (J. geophys. Res., Dec. 1957, 
Vol. 62, No. 4, pp. 509-520.) The mechan-
ism is investigated in a semi-quantitative 
manner. If two oppositely directed sunspot 
fields, having scales of about 104 km, were 
brought together, Sweet's mechanism would 
allow them to merge in about two weeks. 
The mechanism gives a means of altering 
quickly the configuration of magnetic fields 
in ionized gases and converting magnetic 
energy into kinetic energy of the fluid. 

523.75: 551.594.6 1404 
The Solar Flare of 23rd February 

1956: its Cosmic and Geophysical 
Effects.—R. Bureau & A. Dauvillier. (J. 
Phys. Radium, Aug./Sept. 1957, Vol. 18, 
Nos. 8/9, pp. 512-517.) Records of the 
intensity of cosmic rays and of atmospherics 
show that a sudden large increase in the 
former at 0345 U.T. was accompanied by 
a sudden decrease in v.l.f. atmospherics, 
particularly as observed at Bagneux at 
11 km A. 
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550.38: 525.24 1405 
The Earth and its Magnetic Field.-

G. H. A. Cole. (Sci. Progr., Oct. 1957, Vol. 
45, No. 180, pp. 628-645.) Review of 
modern theory which attempts to explain 
the presence and properties of the observed 
magnetic field in terms fully compatible 
with the structure of the earth determined 
independently. 50 references. 

550.385: 523.75 1406 
The Effect of Solar Flares on the 

Geomagnetic Field.-R. Pratap. (J. 
geophys. Res., Dec. 1957, Vol. 62, No. 4, pp. 
581-588.) "The dynamo equation is solved 
for a conductivity produced by solar-flare 
ultraviolet radiations from the sun. The 
crochet amplitudes in horizontal field 
components are then computed and com-
pared with observed results. It is found 
that fair agreement exists between the 
theoretical and experimental values only if 
the seat of the crochet current system is 
within a few kilometers of the current 
system producing the quiet-day solar 
variation." 

550.385.4: 551.511 1407 
Sudden Commencements of Magnetic 

Storms and Atmospheric Dynamo 
Action.-T. Obayashi & J. A:Jacobs. (J. 
geophys. Res., Dec. 1957, Vol. 62, No. 4, 
pp. 589-616.) Statistical analysis of world-
wide magnetic data discloses an appreciable 
diurnal change in the amplitude of SC's. 
The average electric current system for the 
disturbance diurnal variation shows marked 
concentrations in polar regions and suggests 
that the system exists within the earth's 
atmosphere while the current system of the 
storm-time variation would appear more 
likely to be of extra-terrestrial origin. A 
dynamo theory is applied to explain the 
atmospheric part of magnetic disturbances 
and a consistent wind system is obtained to 
produce current systems for magnetically 
quiet and disturbed days. This system 
contains diurnal and semi-diurnal terms and 
its order of magnitude agrees with recent 
ionospheric wind observations. 

550.389.2: 551.510.535 1408 
The Geophysical Year and the bao-

sphere.-R. P. Lejay. (J. Phys. Radium., 
Aug./Sept. 1957, Vol. 18, Nos. 8/9, pp. 
481-489.) Discussion of the organization 
and program of the I.G.Y. with particular 
reference to ionospheric measurements and 
techniques. 

550.389.2: 629.19 1409 
Radio Observations of the Russian 

Earth Satellite.-( Nature, Lond., 2nd Nov. 
1957, Vol. 180, No. 4592, pp. 879-883.) 
Observations were made at 20, 40 and 
80 Mc/s at the Mullard Radio Observatory, 
Cambridge, using interferometer and 
Doppler techniques. Details of the calcula-
tion of the orbit are given and possible new 
methods of finding the distribution of 
electron density with height are suggested. 

550.389.2: 629.19 1410 
Observations on the Orbit of the 

First Russian Earth Satellite.-( Nature, 
Lond., 9th Nov. 1957, Vol. 180, No. 4593, 
pp. 937-941.) Report of calculations carried 
out at the Royal Aircraft Establishment, 
Farnborough, Hants, to determine orbit 

constants from interferometer and Doppler 
measurements. Observations of signal 
amplitude and fading indicate that the 
ray path of long-distance transmission from 
the satellite to a receiving station is com-
plicated. 

550.389.2: 629.19' 1411 
Radar Observations of the First 

Russian Earth Satellite and Carrier 
Rocket.-( Nature, Lond., 9th Nov. 1957, 
Vol. 180, No. 4593, pp. 941-942.) A note 
of instruments used and observations made 
at Jodrell Bank at frequencies of 120 and 
36 Mc/s with pulse durations of 2 ms and 
150 ¡sa respectively. 

550.389.2: 629.19 1412 
Further Radio Observations of the 

First Satellite.-I. R. King, G. C. 
McVittie, G. W. Swenson, Jr, & S. P. 
Wyatt, Jr: N. Lea. (Nature, Lond., 9th 
Nov. 1957, Vol. 180, No. 4593, p. 943.) 
Reports of interferometer measurements at 
40 Mc/s made at Urbana, Illinois, and 
Doppler measurements at 40 Mc/s made at 
Chelmsford. 

551.51 1413 
Charge Transfer Reactions.-S. N. 

Ghosh & W. F. Sheridan. (Indian J. Phys., 
July 1957, Vol. 31, No. 7, pp. 337-352.) 
An improved method for determining charge 
transfer cross-sections is applied to symmetric 
and unsymmetric reactions for a large 
number of gases and gives higher values 
than originally reported. A comparison of 
the rates of collisional processes in the D, E 
and F regions shows that the charge transfer 
rate is much larger than that for any other 
collisional process in the upper atmosphere. 
See 3365 of 1956 (Ghosh). 

551.510.53: 539.12.08 1414 
An Appraisal of Photon Counter 

Measurements of Upper-Atmosphere 
Parameters.-G. J. Simmons. (J. geophys. 
Res., Dec. 1957, Vol. 62, No. 4, pp. 565-571.) 
A model atmosphere has been computed 
from measurements of density and 02 
concentration using rocket-borne photon 
counters near 100 km. Inconsistencies have 
appeared and it is concluded that the 
density at 100 km is higher than that found 
using photon counters. 

551.510.535 1415 
Calculation of Group Indices and 

Group Heights at Low Frequencies.-
J. J. Gibbons & B. R. Rao. (J. atnzos. terr. 
Phys., 1957, Vol. 11, Nos. 3/4, pp. 151-162.) 
A formula is derived from which the 'group 
index' (designated f8148,f) for 
normal incidence, including collision 
effects, can be easily computed as a function 
of the real and imaginary parts of the 
refractive index for frequencies below 1 Mc/s. 
A set of curves can then be prepared from 
which the group height h' to be expected 
from a given electron-density profile can be 
quickly determined by graphical methods. 

551.510.535 1416 
The Movements of Sporadic-E-Layer 

Clouds.-G. L. Goodwin. (J. atmos. terr. 
Phys., 1957, Vol. 11, Nos. 3/4, pp. 177-186.) 
The drift speed of isolated clouds was 
measured by observing the beat between a 
ground-wave signal from a 1. 55-Mc/s c.w. 
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transmitter and the sky wave reflected from 
the moving cloud. Comparison of these 
observations, made at night, with other 
evidence suggests that scattering is greater 
than in the day. A method for determining 
the direction of drift is suggested. 

551.510.535 1417 
Relation between Virtual and Actual 

Heights in the Ionosphere.-G. A. M. 
King. (J. atmos. terr. Phys., 1957, Vol. 11, 
Nos. 3/4, pp. 209-222.) A mathematical 
discussion of the various methods of deter-
mining the distribution of electron density 
with height in the ionosphere and a treat-
ment of the comparison and integral 
methods. An annotated bibliography with 
39 references is given. 

551.510.535 1418 
The Coefficient of Diffusion of Ions 

in the F2 Regions.-V. C. A. Ferraro. 
(J. atmos. terr. Phys., 1957, Vol. 11, Nos. 3/4, 
pp. 296-298.) 'The application of Suther-
land's molecular model to the F2 region gives 
too large a coefficient of diffusion if recent 
rocket estimates of F2-layer molecular density 
are correct. If Langevin's formula for he 
diffusion coefficient is used instead, the 
discrepancy is less but, for an F2 region in 
which diffusion is inappreciable, calculated 
values of the coefficient are still about 10 
times too large. Possible influencing factors 
are discussed. 

551.510.535: 523.164 1419 
The Origin of the Ionospheric Irregu-

la ides Responsible for Radio-Star 
Scintillations and Spread F: Part 1.-
M. Dagg. (J. atmos. terr. Phys., 1957, Vol. 
11, Nos. 3/4, pp. 133-138.) "The present 
state of knowledge about the irregularities 
responsible for radio-star scintillations is 
summarized, and the existing theories of the 
origin ot these irregularities are discussed. 
All of the suggestions are shown to be 
inadequate to explain the observed features 
of scintillations and spread F. It is shown 
that any ionizing agent from outside the 
earth's atmosphere is unlikely to be respon-
sible for the ionospheric irregularities that 
cause radio-star scintillations, and that the 
mechanism for their production must be 
sought in the terrestrial atmosphere." 

551.510.535 : 523.164 1420 
The Origin of the Ionospheric Irregu-

larities Responsible for Radio-Star 
Scintillations and Spread F: Part 2.-
M. Dagg. (J. atmos. terr. Phys., 1957, Vol. 
11, Nos. 3/4, pp. 139-150.) "A theory is 
presented which attributes the occurrence 
of ionospheric irregularities in the F region 
to turbulent wind motion in the dynamo 
region at a height of 110-150 km. The 
resulting turbulent component of the 
electric potential field produced is com-
municated to the F region, as suggested by 
Martyn [The Physics of the Ionosphere, 1955, 
pp. 163-165], where magneto-electric forces 
then cause the ionization to form eddies. 
It is suggested that the absence of daytime 
scintillations is due to the inhibition of 
turbulent flow by large temperature gradients 
during the day." The theory is then shown 
to explain the major features of radio-star 
scintillations, together with the long-term 
correlation of scintillation amplitude with 
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magnetic activity and the variation of 
spread F and scintillations at different parts 
of the earth over the sunspot cycle. 

551.510.535: 523.164 1421 
Diurnal Absorption in the D Region. 

-J. W. Warwick & H. Zirin. (J. atmos. 
terr. Phys., 1957, Vol. 11, Nos. 3/4, pp. 
187-191.) An analysis of the diurnal 
variation of cosmic noise at 18 Mc/s, from 
which are derived the D-region electron 
density and an exponential approximation 
to the vertical distribution of nitric oxide. 

55 I .510.535 : 523.164.83 1422 
The Electron Content of the Iono-

sphere.-J. V. Evans. (J. atmos. terr. Phys., 
1957, Vol. 11, Nos. 3/4, pp. 259-271.) 
Report of an investigation noted earlier 
(765 of 1957) using radio echoes from the 
moon to determine the electron content. 
The apparatus and the methods of analysis 
are described. Results for seven periods 
between October 1955 and September 
1956 are given. An almost constant ratio 
(2: 1) is found between observed electron 
content and that expected in a parabolic 
layer. There is some evidence for tidal 
effects. 

551.510.535 : 523.746 : 621.396.11 1423 
A Critical Discussion about Special 

Ionospheric Characteristics.-R. Eyfrig. 
(J. atmos. terr. Phys., 1957, Vol. 11, Nos. 3/4, 
pp. 163-176.) Twelve-month running 
means of ( M3000) F2 and R are compared 
for 37 locations and linear relations between 
the two are apparent for limited regions. 
Deviations from linearity may be genuine 
at some locations and due to magnetic 
effects, but may arise from observational 
errors and inconsistencies at others. Present 
data are inadequate for examination of M 
factors on a world-wide basis. 

551.510.535: 523.746: 621.396.11 1424 
The Sunspot Cycle and Radio Com-

munications.-Millington. (See 1529.) 

551.510.535: 621.396.11 1425 
Some Problems of the Physics of the 

Ionosphere: Part 1-Fluctuation of the 
Electron Density and Scattering of 
Radio Waves.- Ya. L. APpert. (Usp. fiz. 
Nauk, March 1957, Vol. 61, No. 3, pp. 
423-450.) Electron density, u.s.w. scattering 
and turbulence of the ionosphere are 
discussed and experimental results are 
analysed. 19 references. 

551.510.535: 621.396.812.3 1426 
Curvature-Induced Error in the 

Analysis of Fading Records.-N. J. 
Rumsey. (J. atmos. tern Phys., 1957, Vol. 11, 
Nos. 3/4, pp. 255-258.) "Curvature of lines 
of maximum amplitude in a radio field-
strength pattern drifting across an array of 
three receivers can introduce an error into 
the estimate of the drift velocity, but the 
error is expected to be large only infre-
quently. The mean error is smaller for an 
array of receivers at the corners of an 
equilateral triangle than for one at the 
corners of a right-angled triangle." 

551.594.221 : 621.396.96 1427 
Radar Observations of Lightning on 

1-5 Metres.-J. L. Pawsey. (J. atmos. terr. 
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Phys., 1957, Vol. 11, Nos. 3/4, pp. 289-290.) 
Details are given of observations made in 
1943. The echo cross-section was approxi-
mately 40 m2, the visually estimated echo 
duration approximately 1/4 sec, and the 
horizontal extent several miles. The associ-
ated atmospherics are described. 

551.594.5 4- 551.593 1428 
Measurements of the Absolute In-

tensity of the Aurora and Night Airglow 
in the 0.9-2.0-1.x. Region.-A. W. Harrison 
& A. V. Jones. (J. atmos. terr. Phys., 1957, 
Vol. 11, Nos. 3/4, pp. 192-199.) 

551.594.5: 621.396.96 1429 
Radio Reflections from Aurorae: 

Part 3.-K. Bullough, T. W. Davidson, 
T. R. Kaiser & C. D. Watkins. (J. atmos. 
terr. Phys., 1957, Vol. 11, Nos. 3/4, pp. 
237-254.) A further study of radio echoes 
at 72 Mc/s following earlier work by 
Bullough and Kaiser (2622 of 1955). Good 
correlation • is found between the daily 
frequency distribution of echoes and the 
mean daily variation in magnetic disturb-
ance at Eskdalemuir. Results and con-
clusions conflict with the Chapman-Ferraro-
Martyn theory. 

551.594.5 : 621.396.96 1430 
U.H.F. Radar Observations of 

Aurora.-S. J. Fricker, R. P. Ingalls, M. L. 
Stone & S. C. Wang. (J. geophys. Res., Dec. 
1957, Vol. 62, No. 4, pp. 527-546.) Radar 
echoes have been obtained on a frequency 
of 412 • 85 Mc/s at South Dartmouth, Mass. 
(41. 5° N, 71° W). The diurnal and seasonal 
variations in the occurrence of echoes is 
discussed and also the conditions required to 
obtain echoes. 

551.594.6: 621.396.11.02).4 1431 
The Waveforms of Atmospherics and 

the Propagation of Very-Low-Fre-
quency Radio Waves.- -Chapman. (See 
1530.) 

551.594.9 : 523.5 : 621.396.11.029.55 1432 
V.H.F. Radar Echoes associated with 

Atmospheric Phenomena.-G. C. Rumi. 
(J. geophys. Res., Dec. 1957, Vol. 62, No. 4, 
pp. 547-564.) During observations with 
radar equipment at 2785 Mc/s, echoes were 
obtained which could not be attributed 
either to aurorae or to meteors. The 
characteristics of these echoes suggest that 
they may be due to `upward discharges' 
from the troposphere to the ionosphere 
which may be triggered off by meteors. 

LOCATION 
AND AIDS TO NAVIGATION 

621.396.933 1433 
The Latest Developments in Radio 

Navigation in Aeronautics.-E. Roessler. 
(Elektrotech. Z., Edn B, 21st Aug. 1957, Vol. 
9, No. 8, pp. 335-339.) Modern aids to 
navigation are described and attempts to 
develop more universal systems are discussed. 
33 references. 

621.396.933.2 1434 
Bearing Memory Improves Direction 

Finder.-R. E. Anderson. (Electronics, 31st 
Jan. 1958, Vol. 31, No. 5, pp. 44-48.) A 
high-frequency direction-finding equipment 
employing Doppler principles, is described. 
The received wave is frequency-modulated 
by scanning round a fixed circular aerial 
array at 42 c/s. Gaps between the pulses of 
a coded transmission are filled in by the use 
of a recording drum rotating at the scanning 
frequency. 

62 I . 396.96 : 621.396.822: 621.317.7 1435 
Monitor displays Radar Noise 

Figures.-L. Young. (Electronics, 31st 
Jan. 1958, Vol. 31, No. 5, pp. 49-51.) The 
receiver noise is compared against a monitor 
pulse, by passing them through a logarithmic 
receiver followed by a difference amplifier. 
The noise figure is displayed directly on a 
meter calibrated in dB. 

621.396.967 1436 
An Integrated Airborne Radar.-

J. H. H. Grover. (Brit. Commun. Electronics, 
Oct. 1957, Vol. 4, No. 10, pp. 628-632.) 
The airborne landing and approach aid 
described overcomes inadequacies of present 
ground-based landing aids. 

621.396.969.3 1437 
Measurement of the Radar Cross-

Section of a Man.-F. V. Schultz, R. C. 
Burgener & S. King. (Proc. Inst. Radio 
Engrs, Feb. 1958, Vol. 46, No. 2, pp. 476-
481.) Doppler measurements were made at 
five frequencies from 410 Mc/s to 9 375 Mc/s 
using both vertical and horizontal polariza-
tion from various angles. The side view 
presented the smallest radar target and the 
back view the greatest. The difference 
between polarizations was greatest at the 
lowest frequency with horizontal polariza-
tion giving the smaller value. 

MATERIALS 
AND SUBSIDIARY TECHNIQUES 

535.215.5: 537.312.5 1438 
The Dependence of Photoelectric 

Currents on Electric Field Strength.-
F. Stiickmann. (Z. Phys., 6th Feb. 1957, 
Vol. 147, No. 5, pp. 544-566.) Photo-
conductors can be classified in four groups 
according to conduction mechanism. The 
differences in their photoelectric character-
istics are analysed as a function of field 
strength and type of excitation, and the 
influence of the electrode contacts on photo-
currents is discussed. 

535.37 1439 
Luminescence.-H. G. Jenkins. (J. 

Telev. Soc., July/Sept. 1957, Vol. 8, No. 7, 
pp. 261-272.) After describing various 
forms of the phenomenon, the nature of 
luminescence and a qualitative theory are 
discussed. The characteristics of some 
important inorganic phosphors are tabulated 
and the methods of preparation are 
described. Some uses of these materials in 
electric discharge lamps, both low- and 

Electronic & Radio Engineer, May 1958 



high-pressure types, is given with particular 
reference to tube loading and luminous 
efficiency. The application of electro-
luminescence in light amplifiers is described, 
and possible applications in the fields of 
television, astronomy and X-ray diagnosis 
are indicated. 

535.37 1440 
The Effect of 132+ Ions on the 

Luminescence Properties of Phosphors. 
—W. Martin. (Z. Phys., 6th Feb. 1957, 
Vol. 147, No. 5, pp. 582-592.) The effects 
of ion bombardment on various phosphors 
are discussed with reference to experiments 
with an ion source of 45-keV maximum 
energy. From the glow curves obtained it is 
seen that electron traps are formed. The 
damage to the phosphors can be greatly 
reduced by subsequent irradiation by 
electrons. 

535.37: 53.082.5 1441 
Instrument to Measure Fluorescence 

Lifetimes in the Millimicrosecond 
Region.—S. S. Brody. (Rev. sci. Instrum., 
Dec. 1957, Vol. 28, No. 12, pp. 1021-1026.) 
Fluorescence decay is displayed on a high-
speed oscilloscope; the observed fluorescence 
is corrected for the response of the hydrogen-
discharge flash lamp and the detection 
equipment. Measured lifetimes are given for 
various photosynthetic pigments, some 
organic dyes and chlorophyll fluorescence in 
algae. 

537.227/.228: 061.3 1442 
First Conference on Ferroelectricity 

(Leningrad, 19th-24th June 1956).— 
(Izv. Ak. Nauk S.S.S.R., Ser. fie., March 
1957, Vol. 21, No. 3, pp. 295-472.) Texts 
are given of the following 26 papers pre-
sented at the conference. Others were 
noted in 2785 of 1957. 

(a) Growth and Investigation of Ferro-
electric Single Crystals.—N. S. Novosil'tsev, 
A. L. Khodakov, M. L. Sholokhovich, E. G. 
Fesenko & O. P. Kramarov (pp. 295-304). 

(b) Some Properties of Single Crystals of 
PbTi0,3 and Single Crystals of Solid 
Solutions of ( Ba, Pb) TiO3.—E. G. Fesenko, 
O. P. Kramarov, A. L. Khodakov & M. L. 
Sholokhovich (pp. 305-310). 

(c) Structure of the OH band in Crystals 
containing Hydrogen Bonds.—A. I. Stek-
hanov (pp. 311-321). 

(d) Shape of the Potential Curve of 
Hydrogen Bonds in Certain Crystals.— 
A. N. Lazarev (pp. 322-328). 

(e) Peculiarities of Ferroelectric Properties 
of Crystals of Rochelle Salt Exposed to 
Radioactivity.—V. A. Yurin (pp. 329-333). 

(f) Some Properties of Dielectric 
Hysteresis of Rochelle Salt.—I. Ya. Elsner 
(pp. 334-339). 

(g) Microscopic Theories of the Ferro-
electric Properties of Barium Titanate.— 
R. E. Pasynkov (pp. 340-351). 

(h) Dynamics of Ions and Electrostatic 
Energy of Ferroelectrics.—V. Kh. Kozlov-
skiI ( pp. 352-358). 

(i)— Theory of Orientational Ordering of 
Molecular Crystals.—V. I. Klyachkin (pp. 
359-367). 

(j) Theory of Hysteresis Phenomena in 
BaTiO3.—L. P. Kholodenko (pp. 368-373). 

(k) Relation between Dielectric, Piezo-

electric and Elastic Properties of Poly-
crystalline Ceramics and Single Crystals.— 
S. V. Bogdanov, B. M. Vul & A. M. 
Timonin (pp. 374-378). 

(1) Nonlinear Properties of Ferroelectrics. 
—B. M. Vul (pp. 379-381). 

(m) Behaviour of Certain Ferroelectrics in 
Strong Electric Fields.—V. A. Bokov (pp. 
382-389). 

(n) Piezoelectric Properties of a Ferro-
electric Ceramic of Barium Titanate with 
Certain Impurities.—S. V. Bogdanov (pp. 
390-393). 

(o) Reverse Piezoelectric Effect of Poly-
crystalline BaTiO3 in Static-Type Measure-
ments.—G. M. Kovalenko (pp. 394-396). 

(p) Method of Measuring the Piezo-
electric Coefficient du using the RadialVibra-
tions of a Disk.—S. V. Bogdanov & A. M. 
Timonin (pp. 397-398). 

(g) Pyroelectric Effect and Piezoelectric 
Effect in Polycrystalline Barium Titanate.— 
M. S. Kosman & Z. A. Shamro (pp. 399-
401) . 

(r) PermittivityofNiobates andTantalates 
of Divalent Metals.—V. A. Isupov (pp. 
402-410). 

(s) Investigation of Antiferroelectric Pm-
perties of Certain Solid Solutions containing 
Lead Zirconate.—N. N. Krainik (pp. 411-
422). 

(t) Study of Solid Solutions (Ba, Pb) (Ti, 
Sn)03 possessing Fertoelectric Properties. 
—I. E. MyPnikova (pp. 423-432). 

(u) Further Information on the PbTiO3-
SrTiO3 Solid-Solution System.—A. G. 
Boganov & R. A. Khomutetskaya (pp. 
433-438). 

(y) Dependence of Permittivity of Poly-
crystalline Ferroelectrics on the Duration 
of Application of a Mechanical Load and 
a Constant Electric Field.—M. S. Lur'e 
(pp. 439-443). 

(w) Study of Ultrasonic Radiators made 
from Crystals of Rochelle Salt—K. A. 
Minaeva (pp. 444 449). 

(x) Stabilized Piezoelectric Ceramic 
Materials.—R. E. Pasynkov & V. V. 
Vinogradov (pp. 450-454). 

(y) Application of Ferroelectrics to Fre-
quency Multipliers.—D. M KazarnovskiI 
& V. P. Sidorenko (pp. 455-465). 

(z) Apparatus for . Exploratory Investiga-
tions in Ferroelectric Regions in Small 
Samples.—I. S. Rez (pp. 466-472). 

537.227: 546.431.824-31 1443 
The Effect of an Electric Field on the 

Transitions of Barium Titanate.—M. E. 
Drougard & E. J. Huibregtse. (IBM J. Res. 
Developm., Oct. 1957, Vol. 1, No. 4, pp. 
318-329.) A review is presented of the 
effects of electric fields on the ferroelectric 
phase transitions of BaTiO3 at 120°C and 
5°C. The double hysteresis loop observed 
at the Curie point and the triple hysteresis 
loop and dielectric constant measured at 
the 5°C transition are examined in the light 
of Devonshire's thermodynamic theory of 
ferroelectricity in BaTiO3. The data and 
various published experimental results are 
shown to agree with calculations based on 
the Devonshire free-energy function. The 
discrepancy between the coercive fields 
predicted by the theory and those actually 
observed is discussed. 

537.311.3 1444 
Screening of Coulomb Fields by Free 

Charges in Metals and Semiconductors. 
--I. Z. Fisher. (Zh. te/ch. Fie., April 1957, 
Vol. 27, No. 4, pp. 638-650.) 

537.311.33 1445 
On the Theory of the Thermal 

Capture of Electrons in Semicon-
ductors.—G. Rickayzen. (Proc. roy. Soc. A, 
10th Sept. 1957, Vol. 241, No. 1227, pp. 
480-494.) A new formula is obtained for 
the thermal capture rate in semiconductors 
when .E2/k is very much greater than the 
Debye temperature, E1 being the ionizing 
potential of the bound electrons. It is ktund 
that the ratio of the probability of the 
impurity being ionized to that of a free 
electron being captured is exp 
Applying this theory to a model of an 
impurity in a continuum, the capture rate 
is strongly dependent on the radius of the 
bound electron, the electron-lattice coupling 
and the temperature; this agrees qualitat-
ively with experiment. 

537.311.33 1446 
Effect of Neutral Impurities on 

Mobility in Nondegenerate Semicon-
ductors.—M. S. Sodha & P. C. Eastman. 
(Phys. Rev., 15th Dec. 1957, Vol. 108, No. 6, 
pp. 1373-1375.) The theoretical variation 
of mobility with electric field is studied, 
taking into account scattering by lattice 
vibrations and by both ionized and neutral 
impurities. 

537.311.33 1447 
Mobility of Carriers in Nondegener-

ate Semiconductors at Low Electric 
Fields.—M. S. Sodha. (Phys. Rev., 15th 
Dec. 1957, Vol. 108, No. 6, pp. 1375-1376.) 
"By using the velocity distribution of 
carriers in the presence of an electric field E, 
due to Yamashita & Watanabe [see 3093 
of 1956 (Yamashita)], it is shown that the 
mobility p. is given by ti = lie ( 1 ± NE') for 
low fields." 

537.311.33: 535.34 1448 
Intensity of Optical Absorption by 

Excitons.— R. J. Elliott. (Phys. Rev., 15th 
Dec. 1957, Vol. 108, No. 6, pp. 1384-1389.) 
The intensity of optical absorption close to 
the edge in semiconductors is examined 
using band theory together with the effective-
mass approximation for the excitons. Thé 
cases of both direct transitions, which occur 
when the band extrema on either side of 
the forbidden gap are at the same K and 
indirect transitions involving phonons, are 
considered. The experimental results in 
Cu2O and Ge are in good qualitative 
agreement with direct forbidden and indirect 
transitions respectively. 

537.311.33: 535.34-1 1449 
Oscillatory Magneto-absorption in 

Semiconductors.—S. Zwerdling, B. Lax 
& L. M. Roth. (Phys. Rev., 15th Dec. 1957, 
Vol. 108, No. 6, pp. 1402-1408.) Infrared 
magneto-absorption has been investigated 
in thin samples ( Fts 10 µ.) of Ge, InAs and 
InSb in magnetic fields up to 37 kG. 
Accurate determinations of the energy gaps 
and effective masses have been made. The 
anisotropy of the magneto-absorption effect 
was measured for Ge and InSb. 
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537.311.33: [546.28 -I- 546.289 1450 
Drift Mobility Measurements.—M. 

Green. (J. appl. Phys., Dec. 1957, Vol. 28, 
No. 12, pp. 1473-1478.) Measurements on 
Ge and Si have been made by observing the 
transit time of a pulse of carriers over the 
distance between the point of photo-
injection and a point of detection. The 
detector point may be a reverse-biased 
junction, a constriction in the cross-sectional 
area or a point-contact electrode. 

537.311.33: [546.28 -F 546.289 1451 
The Direct Observations of Dis-

locations in Germanium and Silicon.— 
G. A. Geach, B. A. Irving 8,z. R. Phillips. 
(Research, Land., Oct. 1957, Vol. 10, No. 10, 
pp. 411-412.) 

537.311.33: [546.28 -I- 546.289 1452 
Optical Measurement of Film 

Growth on Silicon and Germanium 
Surfaces in Room Air.—R. J. Archer. 
(J. electrochem. Soc., Oct. 1957, Vol. 104, 
No. 10, pp. 619-622.) "The thickness and 
growth kinetics of oxide films on polished 
Si and Ge exposed to room air after having 
been rinsed in hydrofluoric acid were 
obtained by measuring the ellipticity of 
reflected polarized light. Film growth 
obeys the Elovich equation." 

537.311.33 : 546.28 1453 
Effect of Oxygen on Etch-Pit Forma-

tion in Silicon.—R. A. Logan & A. J. 
Peters. (J. appl. Phys., Dec. 1957, Vol. 28, 
No. 12, pp. 1419-1423.) The rate of 
etching is smaller the larger is the con-
centration of dissolved 02 in the crystal. 
Etch-pit formation is correspondingly im-
peded. Observations have been made on 
virgin and heat-treated crystals. See also 
3906 of 1957. 

537.311.33 : 546.28 1454 
Lifetime in Pulled Silicon Crystals.— 

C. A. Bittmann & G. Bemski. (J. appl. Phys., 
Dec. 1957, Vol. 28, No. 12, pp. 1423-
1426.) "Lifetime data of 46 pulled Si 
crystals are interpreted in terms of the 
Shockley-Read recombination theory. The 
data are consistent with a single recombina-
tion level and a constant concentration of 
recombination centres independent of the 
resistivity of the crystals." 

537.311.33 : 546.28 1455 
Effect of Heat Treatment upon the 

Electrical Properties of Silicon Crystals. 
—C. S. Fuller & R. A. Logan. (J. appl. 
Phys., Dec. 1957, Vol. 28, No. 12, pp. 
1427-1436.) Studies have been made of the 
process by which donors are introduced into 
Si by heating in the temperature range 300-
500°C and are caused to disappear on 
heating at higher temperature. It is shown 
that 02 is the impurity from which the 
donors are formed. See also 2808 of 1957 
(Kaiser). 

537.311.33: 546.28 1456 
Double-Acceptor Behaviour of Zinc 

in Silicon.—R. O. Carlson. (Phys. Rev., 
15th Dec., 1957, Vol. 108, No. 6, pp. 
1390-1393.) Evidence is presented to show 
that, under proper doping conditions, Zn 
acts as a double-acceptor impurity with 
levels at 0.31 eV from the valence band 
and 0.55 eV from the conduction band. 

537.311.33 : 546.28 1457 
Properties of Silicon Doped with 

Iron or Copper.—C. B. Collins & R. O. 
Carlson. (Phys. Rev., 15th Dec. 1957, Vol. 
108, No. 6, pp. 1409-1414.) It was found 
that Fe introduced a donor level into Si at 
040 eV from the valence band. The 
electrically active solubility of Fe was 1. 5 x 
1018 cm-8 at 1 200°C; the distribution 
coefficient was 8 x 10-8. Studies of lifetime 
indicated a larger capture cross-section for 
electrons than for holes. Cu introduced a 
donor level at 024 eV and an acceptor 
level at 0.49 eV, both as measured from the 
valence band. The maximum electrical 
activity in quenched samples was 5 x 10" 
cm-8 out of a total concentration of 1018 cm-3 
at 1 200°C. 

537.311.33 : 546.28 1458 
Conductivity Mobilities of Electrons 

and Holes in Heavily Doped Silicon.— 
G. Backenstoss. (Phys. Rev., 15th Dec. 
1957, Vol. 108, No. 6, pp. 1416-1419.) 
The samples used had impurity concentra-
tions up to 6 x 10" cm-3 and 6 x 1018 cm-3 
for n- and p-type Si, respectively. The 
conductivity mobilities were calculated by 
considering the percentage of ionized 
impurities. A comparison with the existing 
theory of impurity scattering yielded better 
agreement for n-type than for p-type Si. 

537.311.33 : 546.28 1459 
Thermal Generation of Recombina-

tion Centres in Silicon.—B. Ross & J. R. 
Madigan. (Phys. Rev., 15th Dec. 1957, Vol. 
108, No. 6, pp. 1428-1433.) The measure-
ment of minority-carrier lifetime versus bulk 
resistivity in diffused silicon p-n junctions 
showed that Hall-Shockley-Read statistics 
are obeyed. A trap level of approximately 
0.1 eV above the valence band in both 
conductivity types of silicon was deduced 
from lifetime versus temperature data on 
junctions which were annealed, quenched, 
and re-annealed. 

537.311.33: 546.28: 537.533 1460 
Field Emission from Silicon.—L. A. 

D'Asaro. (J. appl. Phys., Jan. 1958, Vol. 29, 
No. 1, pp. 33-34.) A description of field-
emission patterns obtained using a single 
crystal of p-type Si. Stable patterns were 
obtained only after the point was distorted 
by heating in the presence of an electric 
field. 

537.311.33: 546.28: 537.533 1461 
Electron Emission from Avalanche 

Breakdown in Silicon.—J. A. Burton. 
(Phys. Rev., 1st Dec. 1957, Vol. 108, No. 5, 
pp. 1342-1343.) A new kind of electron 
emission has been observed, which arises 
from the energetic electrons produced in 
avalanche breakdown in a Si p-n junction at 
room temperature, when the Si work 
function is lowered by adsorbed Cs. 

537.311.33: [546.28 + 546.289] 1462 
: 537.534.9 

Positive-Ion Bombardment of Ger-
manium and Silicon.—S. P. Wolsky. 
(Phys. Rev., 1st Dec. 1957, Vol. 108, No. 5, 
pp. 1131-1136.) A very sensitive vacuum 
microbalance has been used to study the 
sputtering of Ge and Si by argon ion 
bombardment. Current densities of 1 to 12 
p.A/cm2 were used. 

537.311.33: 546.289 1463 
Fine Structure in the Absorption-

Edge Spectrum of Ge.— G. G. Mac-
farlane, T. P. McLean, J. E. Quarrington 
& V. Roberts. (Phys. Rev., 15th Dec. 1957, 
Vol. 108, No. 6, pp. 1377.-1383.) Measure-
ments of the absorption spectrum of Ge, 
made with high resolution, near the main 
absorption edge, at various temperatures 
between 4 • 2°K and 291°K, have revealed 
a fine structure on the long-wavelength 
side of this edge. This structure has been 
analysed and can be interpreted in terms of 
indirect transitions involving phonons with 
energies corresponding to temperatures of 
90°K and 320°K. The initial energy 
dependence of the components of the 
absorption coefficient associated with the 
320°K phonons is interpreted as being due 
to the formation of excitons with a binding 
energy of 0005 eV. 

537.311.33 : 546.289 : 538.22 1464 
Surface Paramagnetism of Ger-

manium Films.— Y. L. Sandler. (Phys. 
Rev., 15th Dec. 1957, Vol. 108, No. 6, pp. 
1642.) Experiments suggest that a clean 
Ge surface is paramagnetic and that there 
is roughly one unpaired electron per Ge 
surface atom. 

537.311.33: 546.682.86 1465 
Width of the Forbidden Band in 

InSb.—V. V. Galavanov. (Zh. tekh. Fiz., 
April, 1957, Vol. 27, No. 4, pp. 651-655.) 
The relation is considered of temperature 
to conductivity and Hall constant in semi-
conductors with a large electron/hole 
mobility ratio. At T = 0°K the width of 
the forbidden band in p-type samples appears 
nearly twice as large as that of n-type 
specimens. Tables and graphs of results are 
given. 

537.311.33: 546.682.86 1466 
Indirect Transitions at the Centre of 

the Brillouin Zone with Application to 
InSb, and a Possible New Effect.— 
W. P. Dumke. (Phys. Rev., 15th Dec. 1957, 
Vol. 108, No. 6, pp. 1419-1425.) The 
theory of indirect optical transitions is 
extended to the case where both the valence 
band and the conduction band extrema 
occur at the centre of the Brillouin zone. 
The experimental evidence on InSb is 
reviewed and found to be consistent with 
degenerate valence bands at the centre of 
the Brillouin zone. A new effect is predicted 
involving the modulation of the indirect 
absorption constant by the selective excita-
tion of the long-wavelength optical modes. 

537.311.33 : 546.682.86 : 535.215 1467 
Lifetime of Excess Carriers in In.Sb. 

—P. T. Landsberg. (Proc. phys. Soc., 1st 
•Dec. 1957, Vol. 70, No. 456B, pp. 1175-
1176.) A discussion of the results of measure-
ments giving a value of the ratio of bulk to 
radiative lifetime at room temperature. See 
also 2825 of 1957 (Moss). • 

537.311.33: 546.682.86 : 538.63 1468 
Galvanomagnetic Effects in n-Type 

Indium Antimonide.—H. P. R. Frederikse 
& W. R. Hosler. (Phys. Rev., 1st Dec. 1957, 
Vol. 108, No. 5, pp. 1136-1145.) The 
magnetic-field dependetice of the magneto-
resistive effects and the Hall coefficient 
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have been investigated at 78°K and at 
liquid-He temperatures. Results at very 
low magnetic field strength are in agree-
ment with the assumption of an isotropic 
conduction band. Quantization of the 
electron orbits causes deviations from the 
c mwentional theory at large field strengths. 
Oscillations in the magnetoresistance ob-
served at 4.2°K and lower are attributed 
to these quantum effects. An effective mass 
value of 0 01m0 is obtained from the field 
and temperature dependence of the ampli-
tude of the oscillations. The magnitude of 
the magnetoresistance effects appears to 
depend considerably on the geometry and 
inhomogeneity of the sample. 

537.311.33: 546.682.86: 538.63 1469 
Galvanomagnetic Effects in p-Type 

Indium Antimonide.— H.P.R. Frederikse 
& W. R. Hosler. (Phys. Rev., 1st Dec. 1957, 
Vol. 108, No. 5, pp. 1146-1151.) The 
conductivity and Hall effect have been 
measured as a function of magnetic field 
strength and of temperature. Hall coefficient 
and magnetoresistance characteristics at 
78°K are consistent with a valence band 
which consists of two bands with different 
effective masses and has degenerate maxima 
at the centre of the Brillouin zone. Negative 
magnetoresistance has been observed at 
liquid-He temperatures; the effect is 
positive for very pure samples when the 
magnetic field strength exceeds Pks 108 G. 

537.311.33: 546.873.241 1470 
Optical and Electrical Investigation 

of Bismuth Telluride Bi2Tes.—J. La-
grenaudie. (J. Phys. Radium, March 1957, 
Vol. 18, Supplement to No. 3, Phys. appl. 
pp. 39A-40A.) 

537.311.33 : 546.873.241 : 537.32 1471 
Electrical and Thermal Properties of 

Bi2Te8.—C. B. Satterthwaite & R. W. Ure, 
Jr. (Phys. Rev., 1st Dec. 1957, Vol. 108, 
No. 5, pp. 1164-1170.) The phase diagram 
for Bi-Te in the region Bi2Tes has been 
investigated. The Hall mobilities parallel 
to cleavage planes vary as T-1'8 for holes 
and T-21 for electrons. Room temperature 
values are etp = 420, p.„ = 270 cm2/V. sec. 
The energy gap is 0.2 eV. The lattice 
conductivity is 510 x 10-8/ T W/deg cm. 

537.311.33 : 621.317.733 1472 
Experimental Determination of the 

Mean Lifetime of Minority Carriers in 
Semiconductors.—V. Andresciani & G. 
Della Pergola. (Ricerca sc., Sept. 1957, Vol. 
27, No. 9, pp. 2663-2673.) A light-spot 
method using a Wheatstone bridge circuit 
is described. Results are compared with 
those obtained by means of a Many bridge 
(2129 of 1954) and are found to be adequate 
for practical purposes. 

537.311.33: 621.357.8 1473 
Control of Optimum Conditions for 

Electrolytic Polishing of Semiconduc-
tors.—I. Epelboin & M. Froment. (J. 
Phys. Radium, March 1957, Vol. 18, Supple-
ment to No. 3, Phys. appl., pp. 60A-61A.) 
Polished Ge and Si semiconductors are 
examined by an interference contrast method 
using two polarized waves. Four micro-
graphs are shown obtained with Ge samples 
polished in a mixture of 500 cm8 glycerine, 
50 cm8 water, 50 cm8 ethyl alcohol. 

537.533.8 1474 
Effect of Reflected Electrons in 

Secondary Electron Emission.—L. N. 
Dobretsov & T. L. Matskevich. (Zh. tekh. 
Fiz., April 1957, Vol. 27, No. 4, pp. 734-
744.) Specimens of mica, LiF, SiO2, Ca2CO2 
etc., were tested by means of a single-pulse 
circuit. The coefficients of secondary 
emission are tabulated and graphs shown. 

538.22 1475 
Theory of Antiferromagnetic-Ferro-

magnetic Transitions in Dilute Magnetic 
Alloys and in the Rare Earths.—G. W. 
Pratt, Jr. (Phys. Rev., 1st Dec. 1957, Vol. 
108, No. 5, pp. 1233-1242.) Both the 
molecular-field theory and a cluster theory 
due to Oguchi (Frog. theor. Phys., Feb. 1955, 
Vol. 13, No. 2, pp. 148-159) are applied. 
Each leads to a magnetic transition and both 
predict that for all such transitions the 
ferromagnetic state must have a lower free 
energy at 0°K than the antiferromagnetic 
state. A comparison is made between the 
present theory and recent experimental 
results for Cu-Mn alloys. 

538.221 1476 
Some Magnetothermal Relations for 

Ferromagnetics.—R. W. Teale & G. 
Rowlands. (Proc. phys. Soc., 1st Dec. 1957, 
Vol. 70, No. 456B, pp. 1123-1134.) An 
expression is derived which relates magnetic 
and thermal changes for reversible rotation 
of the intrinsic magnetization or reversible 
domain wall motion. Experiments are pro-
posed to differentiate between the possible 
energy changes which accompany these 
processes. 

538.221 1477 
Criterion for Ferromagnetism from 

Observations of Magnetic Isotherms.— 
A. Arrott. (Phys. Rev., 15th Dec. 1957, Vol. 
108, No. 6, pp. 1394-1396.) "A criterion 
is proposed for determining the onset of 
ferromagnetism in a material as its tempera-
ture is lowered from a region in which the 
linearity of its magnetic moment versus field 
isotherm gives an indication of para-
magnetism." 

538.221 1478 
Specific Heat of a Ferromagnetic 

Substance Above the Curie Point.— 
C. Domb & M. F. Sykes. (Phys. Rev., 
15th Dec. 1957, Vol. 108, No. 6, pp. 1415-
1416.) "High-temperature expansions for 
the specific heat of the Ising model are 
compared for the triangular and f.c.c. 
lattices. It is concluded that the tail' of 
the specific heat curve above the Curie 
point is much smaller for the f.c.c. lattice, 
but is steeper in the immediate neighbour-
hood of the Curie point." 

538.221: [621.318.124+621.318.134 1479 
Convention on Ferrites.—(Proc. Instn 

elect. Engrs, Part B, 1957, Vol. 104, Supple-
ment No. 6, pp. 267-398.) The following 
papers were included among those read at 
the I.E.E. Convention held in London 
29th October-2nd November 1956. See 
also 1202 of April. 
Microwave Introductory Session: 
(a) A Survey of the Theory and Appli-

cations of Ferrites at Microwave Frequencies. 
—P. J. B. Clarricoats, A. G. Hayes & 
A. F. Harvey (pp. 267-282). 

Discussion (pp. 283-285). 
Microwave Theory and Measurements: 

(b) Some Properties of Circular Wave-
guides containing Ferrites.— P. J. B. Clarri-
coats (pp. 286-296). 

(c) The Measurement of Complex Per-
mittivity and Complex Tensor Permeability 
of Ferrite Materials at Microwave Fre-
quencies.—I. G. MacBean (pp. 296-306). 

(d) Theory of the Measurement of the 
Elements of the Permeability Tensor of a 
Ferrite by means of a Resonant Cavity.— 
R. A. Waldron (pp. 307-315). 

(e) Nonreciprocal Network Theory applied 
to Ferrite Microwave Devices.—H. J. 
Carlin (pp. 316-319). 

Discussion (pp. 320-323). 
Microwave Measurements and Proper-

ties: 
(f) Microwave Faraday Effect and Con-

ductivity in Nickel Ferrites and Ferrite-
Aluminates.— R. Derry & M. S. Wills 
(pp. 324-330). 

(g) Some Properties and Applications or 
Ferrites at 3-cm Wavelength.—S. Boronski 
(pp. 331-337). 

(h) Measurement of Ferrite Properties in 
a Rectangular Cavity at 10 000 Mc/s.— 
J. Roberts & C. M. Srivastava (pp. 338-
341). 

(i) The Quantum Theory of Spon-
taneous Magnetization of Ferrites at Low 
Temperatures.—E. I. KondorskiI (p. 342). 
See also 3930 of 1957 (Kondorski et al.). 

Discussion (pp. 343-345). 
Microwave Apparatus: 
(j) Ferrite Structures for Millimetre 

Wavelengths.—A. F. Harvey (pp. 346-
354). 

(k) Applications of Ferrites at 3-cm 
Wavelength.—R. M. Godfrey, B. L. 
Humphreys, P. E. V. Alfin & G. Mott 
(pp. 355-361). 

(1) Development of a Rotation Isolator 
for 6-cm Wavelength.—P. E. Ljung (pp. 
362-363). 

(m) A Resonance Absorption Isolator in 
Microstrip for 4 Gc/s.—L. Lewin (pp. 364-
365). 

(n) Notes on Microwave Ferromagnetics 
Research.—A. G. Fox (pp. 371-378). 

(o) Some Measurements and Applica-
tions of the Microwave Properties of a 
Magnesium-Manganese Ferrite in the 
8-9-mm Waveband.—E. Laverick & A. 
Rivett-Carnac (pp. 379-382). 

(p) The 45°-Faraday-Rotation Ferrite 
Isolator.—A. L. Morris (pp. 383-387). 

(q) Some Applications of Ferrites to 
Microwave Directional Couplers, Switches, 
and Cavity Filters.—E. Strumwasser (pp. 
388-394). 

Discussion (pp. 366-370, 395-398). 

538.221 : 621.318.134 1480 
Preparation of Polycrystalline Fern-

magnetic Garnet Materials for Micro-
wave Applications.—W. D. Wolf & 
G. P. Rodrigue. (J. appl. Phys., Jan. 1958, 
Vol. 29, No. 1, pp. 105-108.) A simple 
chemical method is described for preparing 
high-density, polycrystalline, magnetic gar-
nets having the formula 3M203.5Fe202, 
where M is a rare earth from Sm to Lu, or 
yttrium. Results of measurements of fern-
magnetic resonance line width and dielectric 
loss tangent are given. 
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538.221: 621.318.134 1481 
Granular Structures with Superficial 

Layer in Ceramics with Iron Oxide 
Base.-J. Suchet. (J. Phys. Radium, 
March 1957, Vol. 18, Supplement to No. 3, 
Phys. appl., pp. 10A-18A.) In ceramics 
with Fe20, base particularly Mn-Zn ferrite 
there are two types of resistive surface layer 
formed by oxidation during the cooling 
process. 

538.221 : 621.318.2 1482 
Fine-Particle Magnets.-T. O. Paine, 

L. I. Mendelsohn St F. E. Luborsky. 
(Elect. Engng, N.Y., Oct. 1957, Vol. 76, 
No. 10, pp. 851-857.) The basic factors 
which determine the behaviour of permanent 
magnets made from fine particles are 
reviewed. Alignment and packing of single-
domain particles are discussed and the 
properties of manganese-bismuth, barium 
ferrite and fine-particle iron as permanent-
magnet materials are described. 36 
references. 

538.221: 621.385.833 1483 
Study of the Magnetic Leakage Field 

in Cobalt by means of a Divergent 
Electron Beam.-M. Blackman St E. 
Grünbaum. (Nature, Lond., 30th Nov. 1957, 
Vol. 180, No. 4596, pp. 1189-1190.) An 
electron beam diverges from a small movable 
aperture of 6-25 14 in a direction parallel to 
the crystal edge and is deflected by the 
leakage field. Curves obtained at 20° - 
265°C are given. See 205 of 1957. 

538.222: 538.569.4 1484 
Research on the Paramagnetism of 

Solids at the Institute of Physics of 
Palermo University.-M. Santangelo. 
(Ricerca sci., Sept. 1957, Vol. 27, No. 9, 
pp. 2768-2772.) Microwave equipment 
for the measurement of magnetic resonance 
absorption is briefly described. 

538.222: 621.318.134 1485 
Investigation of the Paramagnetism 

of the Ferrites 5Fe203.3M203, where 
M = Gd, Dy, Er.-R. Aléonard & J. C. 
Barbier. (C. R. Acad. Sc., Paris, 19th Aug. 
1957, Vol. 245, No. 8, pp. 831-834.) In-
vestigation of the thermal variation of 
susceptibility above the Curie point of 
rare-earth ferrites of the garnet type. 

621.315.615: 537.528 1486 
The Breakdown of Liquid Dielectrics 

and its Dependence on Oxidation of the 
Electrodes.-R. Hancox. (Brit. J. appl. 
Phys., Dec. 1957, Vol. 8, No. 12, pp. 476-
480.) Theoretical considerations and 
experiments with pre-treated transformer 
oil show that oxide layers on the electrodes 
increase the recorded breakdown strength 
of the dielectric. 

MATHEMATICS 

519.283 1487 
Nonparametric Definition of the 

Representativeness of a Sample-with 
Tables.-M. Sobel St M. J. Huyett. (Bell. 

Syst. tech. J., Jan. 1958, Vol. 37, No. 1, pp. 
135-161.) The problem is to determine how 
large a random sample is needed to guarantee 
with preassigned probability that the sample 
will have a specified amount (or a specified 
degree) of representativeness of the true, 
unknown (cumulative) distribution F under 
study. The solution given is nonparametric 
(i.e. distribution-free) so that, the results 
obtained and the tables and graphs con-
structed are valid for any true underlying 
distribution. 

MEASUREMENTS AND TEST GEAR 

529.786 + 621.3.018.41(083.74) 1488 
The 'Time Centre' at the Milan Poly-

technic.-C. Mazzon. (Ricerca sci., Sept. 
1957, Vol. 27, No. 9, pp. 2727-2747.) Time-
and frequency-standard equipment and 
control and recording apparatus are 
described. Details are given of a system for 
improving the accuracy of calibration on 
the basis of standard-frequency signal 
reception. 

529.786: 621.317.4 1489 
A Small Quartz Clock with Transistor 

Drive.-D. E. Cridlan & J. E. Thwaites. 
(P.O. elect. Engrs' J., Oct. 1957, Vol. 50, 
Part 3, pp. 189-191.) A quartz tuning fork 
gives a frequency of 800 c/s which is divided 
down in four identical binary stages to drive 
a 50-c/s mains clock movement. Transistors 
are used in the oscillator drive circuit, the 
frequency dividers and amplifier. 

621.317.2: 621.374.3 1490 
A Versatile Pulse Pattern Generator. 

-P. H. Cutler & L. R. Peters. (Electronic 
Engng, Jan. 1958, Vol. 30, No. 359, pp. 
39-42.) "Two independent pulse pattern 
generators are used to produce any sequence 
of pulses of either polarity ; either sequence 
contains up to ten pulses, and the pulse 
duration may be varied from 45 ihs to 1 s. 
The two separate patterns may be combined 
to give a third pattern whose maximum 
length is ninety pulses." 

621.317.3 : 621.314.7 1491 
Measuring Transistor 'Power Gain' 

at High Frequencies.-W. N. Coffey. 
(Electronic Ind. Tele-Tech, Oct. 1957, Vol. 16, 
No. 10, pp. 66-68..169.) A method of 
measuring directly the common-emitter 
power gain of transistors in the 40-300-Mc/s 
range when driven by a resistive generator. 

621.317.3.029.63: 621.396.822 1492 
The Precise Measurement of Noise 

Temperatures of Two-Terminal Net-
works in the Decimetre Wavelength 
Range by a Substitution Method.-L. 
Mollwo. (Arch. elekt. übertragung, July 1957, 
Vol. 11, No. 7, pp. 2957306.) General 
formulae are derived for errors caused by 
impedance mismatch of network to measur-
ing system. A new substitution method for 
reducing the effect of these errors is described. 
Mismatch corrections are considered for the 
case of a saturated-diode noise generator. 

621.317.329: 621.316.8 1493 
Practical Applications of a Resistance 

Network for Determining Plane Poten-
tial or Space-Charge Fields.-G. Cremoi-
nik & M. J. O. Strutt. (Arch. Elektrotech., 
20th May 1957, Vol. 43, No. 3, pp. 177-
186.) The reduction of errors in using a 
resistance-network analogue is discussed on 
the basis of theoretical investigations. See 
e.g. 974 of March. 

621.317.331 : 621.316.721.078.3 1494 
A Current Regulator to Facilitate 

Resistance Measurements at Low 
Temperature.-M. W. Thompson. (J. 
sci. Instrum., Dec. 1957, Vol. 34, No. 12, 
p. 515.) 

621.317.341.3(083.57) 1495 
A Chart for Return Loss Determin-

ation.-L. Kitajewski. (Electronic Engng, 
Jan. 1958, Vol. 30, No. 359, pp. 42-43.) 
Curves are shown from which the return 
loss or the reflection coefficient can be 
determined quickly from bridge measure-
ments of impedances. The curves are 
applicable only to the case when the return 
loss is required between an unknown imped-
ance and a characteristic impedance of 
125 L 0° Q. 

621.317.343.2: 621.314.22 1496 
Measurement of the Characteristic 

Impedance of a Coaxial Cable.-L. B. 
D'Alton. (Electronic Engng, Jan. 1958, Vol. 
30, No. 359, pp. 37-38.) "A method is 
described for measuring the characteristic 
impedance of a coaxial cable and the 
velocity of propagation, the only equipment 
required being a radio receiver, •a signal 
generator and a calibrated capacitor." 

621.317.361.018.756 1497 
Errors in the Measurement of Pulse 

Frequency Spectra by means of Stagger-
Tuned Resonant Circuits.-G. Seeger & 
H. G. Stâblein. (Arch. elekt. übertragung, 
Aug. 1957, Vol. 11, No. 8 pp. 325-330.) 
The type and magnitude of the errors due 
to the losses in the resonant circuits are 
investigated for circuits of equal absolute 
and equal relative bandwidth. For a given 
permissible error the maximum frequency 
spectrum is covered by circuits suitably 
staggered with regard to bandwidth. 

621.317.39 : 531.771 : 621.387 1498 
A Very-High-Speed Precision Tacho-

meter.-J. K. Goodwin. (Electronic Engng, 
Jan. 1958, Vol. 30, No. 359, pp. 18-24.) 
Describes fully a portable instrument that 
counts up to 40 000 rev/min. It may also be 
used to count pulses up to 20 000/s with an 
accuracy of ± 1/s, or random pulses to a 
total of 999 999. See 1153 of 1954 (Bland 
& Cooper). 

621.317.39: 531.78 1499 
Strain-Gauge Oscillator for Flight 

Testing.-W. H. Foster. (Electronics, 
31st Jan. 1958, Vol. 31, No. 5, pp. 40-42.) 
The frequency of a small transistor oscillator 
is modulated in proportion to the stress or 
pressure applied to a strain gauge incor-
porated in a feedback loop. 

621.317.39: 536.53: 621.316.825 1500 
Temperature Measurement with 

Thermistors.-J. C. Anderson. (Elec-
tronic Radio Engr, March 1958, Vol. 35, 
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No. 3, pp. 80-84.) "Characteristics of 
thermistors are discussed, and three tem-
perature-measuring devices described :-
an industrial thermometer for 0°-100°C 
using a Wheatstone bridge, a medical 
thermometer covering 85°-105°F incor-
porating a balanced transistor amplifier and 
a high-sensitivity device using a two-stage 
transistor amplifier. Some observations on 
thermistor stability are included." 

621.317.39: 537.312.9 1501 
Use of Piezoresistive Materials in the 

Measurement of Displacement, Force 
and Torque.-W. P. Mason & R. N. 
Thurston. (J. acoust. Soc. Amer., Oct. 1957, 
Vol. 29, No. 10, pp. 1096-1101.) "The 
use of piezoresistive materials as strain 
gauges and in the measurement of dis-
placement, force, and torque is discussed 
generally. A torsional transducer which 
has been constructed from n-type Ge is 
described, and the experimentally obtained 
voltage/torque characteristic is given." 

621.317.4: 621.317.755 1502 
B-H Tester measures Memory Core 

Parameters.-T. H. Bonn, R. D. Torrey 
& F. Bernstein. (Electronics, 17th Jan. 1958, 
Vol. 31, No. 3, pp. 76-80.). This instrument 
measures the hysteresis properties of small 
magnetic toroids. The flux, drive current, 
ratio of remanent flux to maximum flux, 
squareness ratio and ratio of coercive force 
to maximum magnetizing force arc read 
from window potentiometers as the B-H 
loop is presented on a c.r. tube. 

621.317.4: 621.372.413 1503 
A Re-entrant Cavity for Magnetic 

Measurements.-E. A. Faulkner. (J. sci. 
Instrum., Dec. 1957, Vol. 34, No. 12, 
pp. 514-515.) An open-ended resonant 
cavity is used to measure magnetic per-
meability of small toroidal specimens in the 
range 250-3 300 Mc/s. 

621.317.431 1504 
New Technique for Measuring Rota-

tional Hysteresis in Ferromagnetic 
Materials.-J. M. Kelly, Jr. (Rev. sci. 
Instrum., Dec. 1957, Vol. 28, No. 12, 
pp. 1038-1040.) A technique for use in 
the range 3-30 c/s using a sample disk of 
material mounted on a top rotating in a 
magnetic field. 

621.317.723: 621.375.024 1505 
A Feedback Electrometer Amplifier. 

-D. Allenden. (Electronic Engng, Jan. 1958, 
Vol. 30, No. 359, pp. 31-33.) The inherent 
feedback loop gain is used to stabilize the 
electrometer-valve filament sup.)1y. The 
zero drift at full-scale voltage sensitivity of 
2 V is less than ± 1 part in 1 000 over 
several hours. 

621.317.733 1506 
The Accuracy of Determination of 

Capacitance and Loss Factor by means 
of A.C. Bridges.-H. Hoyer 8t W. 
Wiessner. (Arch. Elektrotech., 20th May 
1957, Vol. 43, No. 3, pp. 169-177.) Simple 
formulae are derived for determining the 
limits of accuracy and sensitivity of conven-
tional capacitance bridges, taking account 
of matching between bridge and indicating 
device. 

621.317.74: 621.385.029.64 1507 
S.H.F. Frequency Sweeper uses Back-

ward-Wave Tube.-D. E. Wheeler & 
P. D. Lacy. (Electronics, 3rd Jan. 1958, 
Vol. 31, No. 1, pp. 76-78.) "Swept-
frequency signal source using backward-
wave oscillator tube offers sweep rates frorn 
40 Mcis to 400 kMc/s in the microwave 
region between 8.2 and 12.4 kMc/s. Rapid 
wide-range evaluations of reflection, gain 
and attenuation are possible, as well as 
permanent records of measured data on an 
ink recorder. Sweep width is continually 
adjustable from 3 Mc/s to 4.2 kMc/s. and 
unit may be modulated with a.m. or f.m." 

621.317.75: 621.317.715: 534.1 1508 
Response Spectra by means of 

Oscillograph Galvanometers.-R. W. 
Conrad & I. Vigness. (J. acoust. Soc. Amer., 
Oct. 1957, Vol. 29, No. 10,, pp. 1110-1115.) 
Thè principles of design and calibration of 
a response or shock-spectrum analyser are 
described. It comprises twelve galvano-
meter elements with natural frequencies in 
the range 10-2 500 c/s, each with an 
associated amplifier and damping network. 
Damping is adjustable between about 3 and 
50% of critical. An example is given of its 
operation in the analysis of tape-recorded 
accelerometer signals played back at 
different speeds. 

621.317.755.001.6(091) 1509 
The Development of the Cathode-Ray 

Oscillograph since 1923.-P. Hoch-
hâusler. (Elektrotech. Z., Edn A, 1st Aug. 
1957, Vol. 78, No. 15, pp. 514-521.) A 
survey with 36 references, mainly to German 
literature. 

621.317.755.087.5 1510 
Continuous Recording of Waveforms 

on Photographic Film.-V. B. Hulme. 
(Electronic Engng, Jan. 1958, Vol. 30, 
No. 359, pp. 10-14.) The limitations on 
the information capacity of the deflected-
spot c.r. tube waveform recorder are over-
come by using a ribbon-beam tube and 
variable-area recording. 

621.317.79: 538.632: 537.311.33 1511 
A Simple Specimen Holder and 

Apparatus for Measurement of Con-
ductivity and Hall Voltage over a 
Temperature Range.-A. A. Brooker, 
R. A. Clay & A. S. Young. (J. sci. Instrum., 
Dec. 1957, Vol. 34, No. 12, pp. 512-513.) 

OTHER APPLICATIONS OF 
RADIO AND ELECTRONICS 

537.533.35(091) 1512 
25 Years of Electron Microscopy.-

E. Ruska. (Elektrotech. Z., Edn A, 1st Aug. 
1957, Vol. 78, No. 15, pp. 531-543.) An 
outline of the scientific background and the 
history of the technique including the latest 
developments. 94 references. 

538.74: 538.632 1513 
The Hall-Effect Compass.-I. M. Ross, 

E. W. Saker & N. A. C. Thompson. (J. sci. 
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Instrum., Dec. 1957, Vol. 34, No. 12, pp. 
479-484.) A description of the use of the 
Hall-effect voltage from a semiconductor in 
the earth's magnetic field as the basis for an 
electrical compass. Expressions are derived 
for the voltage and power outputs, and the 
sensitivity and the relative merits of various 
semiconductors are reviewed. A practical 
design of compass is described and illustrated. 

551.508.8: 621.316.825 1514 
Response of Radiosonde Thermistors. 

-F. I. Badgley. (Rev. sci. Instrum., Dec. 
1957, Vol. 28, No. 12, pp. 1079-1084.) The 
thermistors are estimated to have lag 
coefficients of about 25 s ( 10 x the ground 
level value) at heights of about 70 000 ft. 
The radiation error at these heights could , 
be several degrees. 

621.317.755: 003.35 1515 
Generating Characters for Cathode-

Ray Read-Out.-K. E. Perry & E. J. Aho. 
(Electronics, 3rd Jan. 1958, Vol. 31, No. 1, 
pp. 72-75.) The necessary X and Y deflec-
tion voltages for representation of the Arabic 
numerals 0 to 7 on a c.r. tube screen are 
obtained by Fourier synthesis technique 
involving the combination of sine and cosine 
terms of the first five harmonics from a 
30-kc/s fundamental frequency. Each char-
acter is traced in about 30 µs. 

621.384.6 1516 
Fields in Gap-Excited Rectangular 

Ducts.-J. Van Bladel. (J. appl. Phys., 
Dec. 1957, Vol. 28, No. 12, pp. 1479-1483.) 
"The e.m. field in a rectangular waveguide, 
cut in two by a plane perpendicular to its 
longitudinal axis, is investigated. A voltage 
applied across the two halves of the guide 
generates the field structure, which is 
analyzed for several values of the frequency 
(between zero and cut-off) and of the aspect 
ratio of the cross-section. The problem is of 
interest for the design of particle acceler-
ators." 

621.384.611 1517 
A New Particle Accelerator.- Y. P. 

Varshni. (Indian J. Phys., July 1957, Vol. 31, 
No. 7, pp. 384-386.) In a cyclotron of con-
ventional form it is not possible to accelerate 
ions beyond a certain limit on account of 
their relativistic increase in mass at high 
velocities and consequent departure from 
resonance. This difficulty may be overcome 
using a cyclotron with spiral-shaped <clees' 
called a spiratron. 

621.385.833.001.6 (091) 1518 
The History of the Development of 

the Electron Microscope.-D. Gabor. 
(Elektrotech. Z., Edn A, 1st Aug. 1957, Vol. 78, 
No. 15, pp. 522-530.) An illustrated review 
with 83 references. 

621.398 1519 
Telecontrol.- E. L. Gruenberg. (Trans. 

Inst. Radio Engrs, May 1957, Vol. TRC-3, 
No. 2, pp. 5-8. Abstract, Proc. Inst. Radio 
Engrs, Aug. 1957, Vol. 45, No. 8, pp. 1168-
1169.) 

621.398 : 061.3 1520 
Proceedings of the 1957 National 

Symposium on Telemetering.-( Trans. 
Inst. Radio Engrs, April 1957, Vol. TRC-3, 
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No. 1.) The text is given of 36 papers, with 
abstracts of seven others, presented at a 
symposium held at Philadelphia, Pa, April 
14th-16th. Abstracts of most of the papers 
are given in Proc. Inst. Radio Engrs, Aug. 
1957, Vol. 45, No. 8, pp. 1166-1168. The 
following papers were included: 

(a) A Wide-Band Microwave Link for 
Telemetering.—R. E. Glass (Section 1.2, 

13 pp.). 
(b) The Transmission of Pulse-Width-

Modulated Signals over Restricted-Band-
width Systems.—H. J. Heffernan (Section 
2.3, 4 pp.). 

(c) Extension of F.M./F.M. Capabilities. 
—H. O. Jeske (Section 2.4, 10 pp.). 

(d) Telemetering System for the X-17 
Missile.—J. A. Cox (Section 2.5, 14 pp.). 

(e) Transistor Circuits Applied to Tele-
metering.—J. H. Smith (Section 3.1, II pp.). 

(f) Low-Level Transistorized Chopper 
Amplifier.—H. F. Harris & T. E. Smith 
(Section 3.5, 8 pp.). 

(g) Progress Report on a Solid-State 
F.M./F.M. Telemetering System.—E. Y. 
Politi (Section 3.6, 19 pp.). 

(h) A Ruggedized R.F. Power Amplifier 
for Use in the 200-Mc/s Telemetry Band.— 
D. D. McRae (Section 6.1, 4 pp.). 

(i) A New Transistor Magnetic F.M./F.M. 
Subcarrier Discriminator.—G. H. Barnes 
& R. M. Tillman (Section 6.3, 9 pp.). 

(j) A Transistorized Pulse-Width Keyer. 
—J. A. Riedel, Jr, (Section 6.5, 6 pp.). 

(k) P.D.M. Bandwidth Requirements.— 
F. E. Rock (Section 7.2, 6 pp.). 

(/) Noise and Bandwidth in P.D.M./F.M. 
Radio Telemetering.—K. M. Uglow (Sec-
tion 7.5, 10 pp.). 

(m) Design of All-Channel Ultra-stable 
F.M. Discriminator.—S. Rigby (Section 8.2, 

8 pp.). 
(n) P.D.M./P.A.M. Conversion System. 

—R. L. Kuehn & W. L. Johnston (Section 
8.5, 11 pp.). 

621.398: 621.376.3 1521 
A Note on the Frequency Distribution 

of an F.M./F.M. Signal.—P. B. Arnstein. 
(Trans. Inst. Radie Engrs, May 1957, 
Vol. TRC-3, No. 2, pp. 13-16. Abstract, 
Proc. Inst. Radio Engrs, Aug. 1957, Vol. 45, 
No. 8, p. 1169.) 

621.398: 621.376.3 1522 
Noise and Bandwidth in F.M./F.M. 

Radio Telemetering.—K. M. Uglow. 
(Trans. Inst. Radio Engrs, May 1957, 
Vol. TRC-3, No. 2, pp. 19-22. Abstract, 
Proc. Inst. Radio Engrs, Aug. 1957, Vol. 45, 
No. 8, p. 1169.) 

621.38: 621.376.56: 621.314.7 1523 
Transistorized Time Multiplexer for 

Telemetering.—J. M. Sacks & E. R. Hill. 
(Trans. Inst. Radio Engrs, May 1957, 
Vol. TRC-3, No. 2, pp. 26-30. Abstract, 
Proc. Inst. Radio Engrs, Aug. 1957, Vol. 45, 
No. 8, p. 1169.) 

621.398: 621.396.934: 621.317.7 1524 
Special Timing Techniques Employed 

on Guided-Missile Ranges.—R. J. Gar-
vey. (Electronic Engng, jan. 1958, Vol. 30, 
No. 359, pp. 2-9.) The timing and refer-
ence signals are derived from a 10-kc/s 
crystal oscillator driving a series of frequency-
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dividing circuits, and are transmitted to 
the measuring stations by underground 
telephone cables. One of the timing signals 
indicates time intervals from an arbitrary 
zero. 

621.398: 629.19 1525 
Transistorized Memory monitors 

Earth Satellite.—C. S. Warren, W. G. 
Rumble & W. A. Helbig. (Electronics, 
17th Jan. 1958, Vol. 31, No. 3, pp. 66-70.) 
In the reception of telemetered data the 
circuits required to translate input informa-
tion numerically and to present modified 
output information, use alloy-junction tran-
sistors as current drivers, gated-pulse 
amplifiers, voltage amplifiers, high-speed 
switches and flip-flops. Storage capacity is 
6 400 bits arranged as 256 characters of 
25 bits each. 

655.3.024: 621.385.832 1526 
The Scanatron : an Electronic In-

strument for Preparing Colour Separa-
dons for Multicolour Printing.—P. E. 
Klein. (Elektronik, Aug. 1957, Vol. 6, 
No. 8, pp. 238-239.) The equipment 
described comprises a single c.r. beam 
scanning tube and electronic circuitry for 
the production of corrected colour-separa-
tion plates. The resolution is 200 lines/cm. 
See also 1563 of 1957 (Shapiro & Haynes). 

PROPAGATION OF WAVES 

621.396.11 1527 
Spectrum of Turbulent Mixing.— 

R. Bolgiano, Jr. (Phys. Rev., 1st Dec. 1957, 
Vol. 108, No. 5, p. 1348.) It is argued that 
the conclusions presented in a recent paper 
[2881 of 1957 (Wheelon)], that the spectral 
dependence of molecular fluctuations in the 
initial subrange should and do obey a 
k-3 law, are incorrect. A k-313 law is more 
appropriate. 

621.396.11: 551.510.535 1528 
Some Problems of the Physics of the 

Ionosphere : Part 1 — Fluctuation of 
the Electron Density and Scattering of 
Radio Waves.—APpert. (See 1425.) 

621.396.11: 551.510.535: 523.746 1529 
The Sunspot Cycle and Radio Com-

munications.—G. Millington. (Point to 
Point Telecommun., June 1957, Vol. 1, No. 3, 
pp. 7-21.) The characteristics of the 
ionosphere during a sunspot cycle and the 
consequent effects on h.f. radio com-
munication circuits are discussed with 
particular attention to the problem of 
interference, at high sunspot numbers, to 
circuits operating in the lower end of the 
v.h.f. band and to forward-scatter trans-
missions. Sunspot cycles since 1749 are 
examined but it is concluded that any 
precise predictions of future trends resulting 
from analysis of past behaviour should be 
treated with great caution in planning 
future frequency allocations for radio 
communication. 

621.396.11.029.4: 551.594.6 1530 
The Waveforms of Atmospherics and 

the Propagation of Very-Low-Frequency 
Radio Waves.—J. Chapman. (J. atmos. 
terr. Phys., 1957, Vol. 11, Nos. 3/4, pp. 223-
236.) An analysis of waveform and 
frequency spectra observations, and com-
parison with theory in terms of `waveguide' 
propagation between earth and ionosphere. 
A new classification of atmospheric wave-
forms is used, which relates to frequency 
spectrum, day or night conditions, and 
source distance. Appreciable differences 
are indicated between the spectra of 
individual flashes at the source. 

621.396.11.029.6: 621.397.26 1531 
Scatter Propagation and its Appli-

cation to Television.—J. A. Saxton. 
(J. Telev. Soc., July/Sept. 1957, Vol. 8, 
No. 7, pp. 273-284.) The fundamental 
processes common to both ionospheric and 
tropospheric scatter propagation and the 
application of the mechanisms to point-to-
point links are described. The dependence 
of performance on frequency, bandwidth 
and aerial characteristics is given and it is 
shown that whereas v.h.f. ionospheric scatter 
links are useful primarily for telegraphy 
over paths of 1 000-2 000 km, u.h.f. tropo-
spheric scatter links may possibly be used 
for relaying television over paths of a few 
hundred km. 33 references. 

621.396.11.029.62/.64 1532 
Scatter Propagation.— ( Wireless World, 

March 1958, Vol. 64, No. 3, pp. 124-125.) 
A digest of 23 papers on ionospheric and 
tropospheric forward-scatter propagation 
delivered at an I.E.E. symposium held on 
28th January 1958. 

621.396.11.029.62: 551.510.535 1533 
Radio-Frequency and Scattering-

Angle Dependence of Ionospheric 
Scatter Propagation at V.H.F.—R. 
Bolgiano, Jr. (J. geophys. Res., Dec. 1957, 
Vol. 62, No. 4, pp. 639-640.) Comment 
on 2576 of 1957 (Wheelon). The con-
clusion that the spectrum of mean square 
fluctuations produced by turbulent mixing 
of an established gradient is proportional, 
in the inertial subrange, to k-3, where 

4 ir 
k = --- is shown to be based on an 

sin 0/2 
inconsistent argument. 

RECEPTION 

621.376.233: 621.314.7 1534 
Transistor Regenerative Detectors.— 

I. Gottlieb. (QST, Oct. 1957, Vol. 41, 
No. 10, pp. 30-31.) Details are given of the 
design and construction of a two-stage 
transistor receiver for the 80-m band. Its 
overall performance is claimed to be better 
than that of an equivalent valve set. 

621.376.33: 621.396.82 1535 
F.M. Demodulator Time-Constant 

Requirements for Interference Rejec-
tion.—E. J. Baghdady. (Proc. Inst. Radio 
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Engrs, Feb. 1958, Vol. 46, No. 2, pp. 432-
440.) The upper bounds of permissible 
values of low-frequency time constants in 
the limiter and discriminator circuits oper-
ating under conditions of high-level inter-
ference are calculated. Severe restrictions 
are indicated which conflict with other 
fundamental requirements. Results show 
that these restrictions can be alleviated by 
simple schemes which enhance the capture 
performance of the f.m. receiver. 

621.376.4: 621.396.3 1536 
Practical Elimination of 'Reverse 

Operation' in an Amplitude-Phase 
Detector due to Pulse Interference.-
Yu. S. Lezin. (Radiotekhnika, Mosk., Nov. 
1956, Vol. 11, No. 11, pp. 45-52.) Change 
of polarity of the output voltage due to 
single-pulse or pulse-train interference can 
be eliminated by narrowing the pass band 
of the grid circuit of the detector. See also 
927 of 1957. 

621.396.62: 061.43(43) 1537 
Novelties and Development Trends 

in the Construction of Receivers.-C. 
Reuber. (Elektroteh. Z., Edn B, 21st Aug. 
1957, Vol. 9, No. 8, pp. 321-328.) Survey 
of the German Radio Show in Frankfurt 
with details of some of the circuit refinements 
and new ideas incorporated in the sound and 
television receivers exhibited there. 

621.396.62: 621.314.7 1538 
Transistor Reflex Circuit trims 

Receiver Costs.-E. Gottlieb. (Electronics, 
3rd Jan. 1958, Vol. 31, No. 1, pp. 66-68.) 
These circuits, in which the second i.f. stage 
doubles as the a.f. amplifier, do not suffer 
from the disadvantages inherent in earlier 
valve versions. Further circuit simplifications 
may be effected by coupling an n-p-n reflex 
stage to a p-n-p output amplifier. 

621.396.62: 621.372.632 1539 
Low-Noise Converter for I.G.Y. Pro-

pagation Study.-L. F. Garrett. (Elec-
tronics, 31st Jan. 1958, Vol. 31, No. 5, 
pp. 52-54.) A 400-Mc/s converter, of 4-Mcis 
bandwidth, with gain of 36 dB and noise 
figure of 25 dB, is described in detail. 
Possible applications include scatter propa-
gation and meteoric and auroral studies. 

621.396.62.001.6 1540 
Problems of Modern Radio-Receiver 

Development.-W. Kausch. (Elektrotech. 
Z., Edn B, 21st Aug. 1957, Vol. 9, No. 8, 
pp. 329-330.) Brief assessment of recent 
technical improvements and their effect on 
production techniques. 

621.396.8: 621.376.3 1541 
Signal-to-Noise Ratios in Strong-

Carrier F.M. Systems.-H. Urkowitz. 
(Commun. Ce Electronics, Nov. 1957, No. 33, 
pp. 599-602.) Ratios are derived without 
use of high-order probability density func-
tions. General formulae are obtained by 
determining the signal/noise ratio with 
periodic modulation or with pulse modu-
lation and numerical results are given for 
the special case of a flat symmetrical r.f. 
passband. The effect of a mistuned frequency 
detector is taken into account. 

621.396.828: 681.142 1542 
Radio-Interference Control as applied 

to Business Machines.-J. M. Sarley & 
R. J. Hendery. (IBM J. Res. Developm., 
Oct. 1957, Vol. 1, No. 4, pp. 363-372.) 
The characteristics of the interference from 
machines are discussed. Some of the prob-
lems encountered in locating the various 
sources, and of reducing the interference to 
a satisfactory level, are described. 

STATIONS 
AND COMMUNICATION SYSTEMS 

621.391 1543 
Double-Sampling Theorems in Con-

tinuous Signals.-N. Honda. (Sc. Rep. 
Res. Inst. Tohoku Univ., Ser. B, June 1956, 
Vol. 8, No. 1, pp. 23-34.) Sampling 
theorems are given for continuous signals 
whose frequency spectra are (2k + 1) bands 
in the frequency region 

kfo-fm <f < kf0 + fm 
(k = - K, 0, K and fo > 2f,n). 

It is proved that the signal is completely 
determined by (2k + 1) unique functions 
spaced 1/2f,,, seconds apart. If fnif,,, is a 
integer the signal is completely determined 
by giving its (2k+ I) values spaced 1/(2k+ 1) 

seconds apart. 

621.391 1544 
The Sequential Error-Correcting Code. 

-N. Honda. (Sci. Rep. Res. Inst. Tohoku 
Univ., Ser. B, Dec. 1956, Vol. 8, No. 3, pp. 
113-124.) A practical sequential error-
correcting code is proposed in which, if the 
number of errors is below a definite number, 
then the code may be corrected. 

621.391 1545 
Geometrical Proof of Shannon's 

Theorem.-E. L. Blokh & A. A. Kharke-
vich. (Radiotekhnika, Mosk., Nov. 1956, Vol. 
11, No. 11, pp. 5-16.) The attempt to 
provide a geometrical proof of Shannon's 
theorem made in two previous papers 
(259 of 1956 and ibid., July 1955, Vol. 10, 
No. 7, pp. 3-7) led to results different from 
those of Shannon. It is shown that this 
discrepancy was due to the choice of an 
incorrect geometric model. 

621.391 : 621.396.822 1546 
Fluctuations of Random Noise Power. 

-D. Slepian. (Bell. Syst. tech. J., Jan. 1958, 
Vol. 37, No. 1, pp. 163-184.) "The proba-
bility distribution of the power, y, of a 
sample of Gaussian noise of time duration T 
is considered. Some general theory is 
presented along with curves for the cumu-
lative distribution and probability density 
of y for several different power spectra and 
values of T." 

621.391.5.029.53: 621.376.3 1547 
Wireless Microphone uses F.M. Mod-

ulation.-G. F. Montgomery. (Electronics, 
3rd Jan. 1958, Vol. 31, No. 1, pp. 54-55.) 
A transistor circuit generating a low-power 
induction field at 460 kcis. An f.m. system 
was chosen because of its inherent a.v.c. 
action thus limiting the field strength during 
times of peak modulation.. 

621.396.1 1548 
A Canadian Point of View on Radio-

Frequency Spectrum Management.-
C. M. Brant. (Commun. Ce Electronics, Sept. 
1957, No. 32, pp. 455-461.) Future fre-
quency allocations for the various services 
are discussed. 

621.396.3: 621.396.43: 523.5 1549 
V.H.F. Propagation by Ionized Meteor 

Trails.-W. R. Vincent, R. T. Wolfram, 
B. M. Sifford, W. E. Jaye & A. M. Peterson. 
(Electronic Ind. Tele-Tech, Oct. & Nov. 1957, 
Vol. 16, Nos. 10 & 11, pp. 52-55..146 & 
84-88, 98 ; Wescon Convention Record Inst. 
Radio Engrs, 1957, Vol. 1, Part 1, pp. 263-
282.) Data collected at a receiving station 
in California using signals from television 
transmitters give information on the nature 
of the signals, their level, duration, fading 
and frequency of occurrence and also on the 
optimum aerial direction. An experimental 
820-mile link operating at 40 and 32 Mc/s 
between Bozeman, Montana and Palo Alta, 
California, is described with details of WiT 
and 11/T equipment and the magnetic-tape 
storage systems. 

621.396.4: 621.315.212 1550 
Trial Model of Super Wide-Band 

Repeater for Coaxial Cable.- Y. Shigei, 
A. Ishii, G. Marubayashi & T. Iwase. 
(Rep. elect. Commun. Lab., Japan, Aug. 1957, 
Vol. 5, No. 8, pp. 1-3.) A capacity of ( a) 
2 700 telephone channels, or (b) one 4. 3-Mc/s 
television channel and 1 200 telephone 
channels, or (c) two 4. 3-Mc/s television 
channels, is aimed at. The characteristics 
are given of two new types of valve developed 
for this purpose. The system is briefly 
described. 

621.396.41 1551 
Design Factors for the Optimization 

of Multichannel Radio Systems.-C. A. 
Parry. (Commun. ee Electronics, Nov. 1957, 
No. 33, pp. 606-620.) Satisfactory design 
needs evaluation of both linear and thermal 
noise, optimum design being obtained with 
these noise powers equal. Essential per-
formance factors required for this evaluation 
are considered. The effects of carrier power, 
channel spacing, speech-power distribution 
and traffic activity on the signal/noise ratio 
are examined. Total reliability as a function 
of traffic fluctuations, propagation reliability 
and carrier power is established. Theoreti-
cally optimum distributions as well as 
typical operating distributions are given. 
Standards are suggested both for systems 
which must conform to requirements of 
existing communication networks and for 
systems which exist independently. Overall 
system testing by means of multiple tones 
is discussed and related basic requirements 
are outlined. 

621.396.41 : 551.510.52 (083.57) 1552 
Tropo-scatter System Design Charts. 

-L. P. Yeh. (Electronics, 17th Jan. 1958, 
Vol. 31, No. 3, pp. 91-93.) In a frequency-
division multiplex tropospheric scatter 
system, the unweighted signal/noise power 
ratio for a single-hop system may be obtained 
by consecutive use of the graphs provided. 

621.396.43 1553 
Microwave Radio Communication 

under Severe Winter Conditions on the 
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Bonneville Power Administration 
System.-E. M. Strong, E. J. Warchol & 
S. E. Benson. (Commun. CD' Electronics, Nov. 
1957, No. 33, pp. 655-662.) The general 
layout of the system and terrain and weather 
conditions are described. Design factors are 
considered for protection of aerials and 
supporting structures from winds, snow and 
ice. 

621.396.44: 621.314.22 1554 
Contribution of Statistics to the 

Development Program of a Traes-
former for the L3 Carrier System.-
G. J. Levenbach. (Bell. Syst. tech. J., Jan. 
1958, Vol. 37, No. 1, pp. 23-54.) Statistical 
methods played a significant part in the 
development program of the L3 system 
which can transmit a television signal over 
a distance of approximately 1 000 miles 
and telephone signals approximately 4 000 
miles. Experiments were designed to assist 
in improving the manufacture of the input 
and output transformers of the amplifiers. 
Detailed analysis of a few of these experi-
ments is presented. 

621.396.65 1555 
Wide-Band Microwave Transmission 

Systems.-S. Fedida. (Point to Point 
Telecommun., June 1957, Vol. 1, No. 3, pp. 
26-50.) The concept of an ideal wide-band 
channel is developed and the shortcomings 
of practical systems, due mainly to the type 
of modulation employed, are enumerated. 
The requirements of a particular system 
depend on the type of intelligence to be 
transmitted, and the effect of such require-
ments on the system's performance is 
discussed. Variations in the transmission 
medium and their effect on the system are 
also examined. Typical practical equip-
ment and techniques are described. 

621.396.65: 621.396.8 1556 
Some Statistical Characteristics for 

Over-Reach Propagation and Co-fre-
quency Interference in 2-Frequency-
System Microwave Multi-relay Circuits. 
-S. Ugai & T. Nomura. (Rep. elect. Commun. 
Lab., Japan, July 1957, Vol. 5, No. 7, pp. 
10-15.) From tests made in 1951--1953, 
the variation of received signal power at 
4 kMc/s, for the optical path (50 km) alone, 
approximates to a gamma distribution. 
The distribution of the received power in 
diffraction regions ( 100-230 km), however, 
was found ( 1953-1955) to be classifiable into 
three types. The interference between 
signals received optically and after diffrac-
tion depends on the receiving system used, 
but the order of the effect-the cumulative 
probability-is found from the correlation 
between the gamma distribution for the 
optical path and each of the three types of 
distribution for the diffracted signals. 
This information assists the design of relay 
routes to minimize interference. 

621.396.65.029.64: 621.376.3 1557 
A 4 000-Mcis Radio System for the 

Transmission of Four Telephony 
Supergroups (240 Circuits).-(P.O. elect. 
Engrs' J., July & Oct. 1957, Vol. 50, Parts 
2 & 3, pp. 106-119 & 150-158.) 

Part 1-Outline Description of the System 
and Detailed Description of Radio and 
Intermediate-Frequency Equipment.-R. L. 

Corke, E. V. Ephgrave, J. Hooper & D. 
Wray. A description of equipment for f.m. 
transmission over a single-hop link of 55 
miles. 

Part 2-The Baseband and Supervisory 
Equipment.-R. P. Froom, J. D. C. Madder 
& C. G. Hilton. Preliminary overall per-
formance data for the link as a whole are 
given. 

621.396.822.1 : 621.396.41 1558 
Crosstalk Problems in Radio Relays 

with Double Modulation: P.P.M. and 
F.M.-E. Katz. (But. Inst. polit. Bucuresti, 
Jan./June 1956, Vol. 18, Nos. 1/2, pp. 
331-352.) A special demodulation method 
is described which reduces crosstalk and 
effectively doubles the signal/noise ratio. 

SUBSIDIARY APPARATUS 

621-526: 621.314.7 1559 
Semiconductors Shrink Servo-System 

Size.-H. L. Aronson & W. R. Lamb. 
(Electronics, 3rd Jan. 1958, Vol. 31, No. 1, 
pp. 69-71.) A velocity-type servo system 
in which the network design is based on 
the constant-current driving source and 
low-impedance load conditions imposed by 
transistor operation. Output impedance 
is reduced considerably by using a double 
common-collector power stage with inverse 
feedback. 

621.3.066.6: 537.311.4 1560 
The Effects of Dust and Force upon 

certain Very Light Electrical Contacts. 
-A. J. Maddock, C. C. Fielding, J. H. 
Batchelor & A. H. Jiggins. (Brit. J. appl. 
Phys., Dec. 1957, Vol. 8, No. 12, pp. 471-
476.) A quantitative relation is established 
between dust concentration and contact 
failure. An examination of contact loading 
shows that contact resistance may rise 
rapidly at loadings less than 1 mg unless 
surface films can be permanently removed. 

621.314.63: 537.311.33 1561 
Progress Report on Semiconductor 

Rectifiers.-N. F. Bechtold. (Electronic 
Ind. Tele-Tech, Oct. 1957, Vol. 16, No. 10, 
pp. 70-71 . . 174.) "Findings indicate 
that silicon and germanium rectifiers are 
more desirable in high-temperature areas 
while selenium retains its superiority in high-
current uses." 

621.318.56 1562 
Design of Magnetic Circuits for 

Miniature Relays.-W. J. Richert. (Elec-
tronic Ind. Tele-Tech, Oct. 1957, Vol. 16, 
No. 10, pp. 56-57 . . 156.) The polarized 
type of relay with a rotary armature is 
suggested as the most suitable type for 
miniaturization. 

621.352: 541.135.6 1563 
The Solion: an Electrochemical 

Transducer.-(Brit. Commun. Electronics, 
Oct. 1957, Vol. 4, No. 10, p. 617.) The 
operation of this device is based on con-
centration polarization where an electric 

current passing through an electrochemical 
system is limited by diffusion and convection 
variables such as fluid flow. The solion 
consists of a small cylinder of plastic material 
containing a potassium-iodide solution in 
which two or more electrodes are immersed ; 
polarization is effected by a 0 - 9-V battery. 
When the unit is stimulated by light, heat, 
sound, pressure or movement the resultant 
hydraulic flow within the cell produces a 
current output. These reactions are 
reversible. 

621.352.7 1564 
Wax-Electrolyte Batteries.-( Tech. 

News. Bull. nat. Bur. Stand., Oct. 1957, 
Vol. 41, No. 10, pp. 149-150.) Two types 
of 375V punched-cell battery have been 
developed. They are 3 in. long and 
respectively 025 and 0- 5 in. in diameter, 
with short-circuit current 003 and 0 3 µA. 
A cell is stamped from a three-layer sand-
wich consisting of a Zn sheet, a conductive 
vinyl film and between the two layers a 
separator impregnated with a ZnC12 
polyethylene glycol mixture. 

621.396.662.6: 621.374.3 1565 
Self-Setting Servo Gate.-E. R. Schmer-

ling. (Electronics, 17th Jan. 1958, Vol. 31, 
No. 3, p. 71.) "Simple circuit, used in 
ionospheric pulse experiments, picks out 
pulses transmitted at a fixed repetition 
frequency in the presence of random noise 
and improves reliability of synchronizing 
link by factor of 50." 

TELEVISION 
AND PHOTOTELEGRAPHY 

621.397.26: 621.396.11.029.6 1566 
Scatter Propagation and its Appli-

cation to Television.-Saxton. (See 
1531.) 

621.397.5: 621.317](083.74) 1567 
I.R.E. Standards on Television: 

Measurement of Luminance Signal 
Levels, 1958.-(Proc. Inst. Radio Engrs, 
Feb. 1958, Vol. 46, No. 2, pp. 482-486.) 
Standard 58 I.R.E. 23. SI. 

621.397.5: 621.395.625.3 1568 
The Ampex Video Tape-Recording 

System.-R. H. Snyder. (Brit. Commun. 
Electronics, Oct. 1957, Vol. 4, No. 10, 
pp. 612-616.) See 4018 of 1957. 

621.397.6: 621.372.55 1569 
A New Video Differential Phase-and-

Gain Equalizer.-J. H. Clark. (Commun. 
C.e.. Electronics, Nov. 1957, No. 33, pp. 674-
676.) The equalizer uses the nonlinear 
impedance characteristics of devices such 
as Ge or Si diodes to compensate un-
desirable nonlinearity. 

621.397.61 1570 
Highlight Equalizer Sharpens TV 

Pictures.-M. V. Sullivan. (Electronics, 
17th Jan. 1958, Vol. 31, No. 3, pp. 72-74.) 
"Equalization of only the gray-to-white 
highlight region in the video signal provides 
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better signal-to-noise ratio and improved 
definition over conventional aperture equal-
izers covering the full brightness range. 
Since most image-orthicon noise is in the 
lowlight region, the improvement stems 
from a division of the signal into two parts 
with only the relatively quiet highlight 
portion equalized for better tonal repro-
duction." 

621.397.61: 535.623 1571 
A Modified Microwave System for 

Colour Television Transmission.-F. F. 
McClatchie. (Commun. ed Electronics, Nov. 
1957, No. 33, pp. 626-633.) N.T.S.C. 
colour television signals may be transmitted 
on portable microwave radio relay units in 
a routine manner if an adequate system is 
available and standardized operation and 
maintenance instructions are provided. 
Necessary modifications to existing equip-
ment are described. 

621.397.62: 535.88 1572 
Large-Scale Projection of the Tele-

vision Image.-H. Jensen. (E/ektrotech. 
Z., Edn B, 21st Aug. 1957, Vol. 9, No. 8, 
pp. 331-334.) Outline of methods proposed 
and adopted in practice, particularly those 
using a small high-intensity picture tube 
with an optical projection system. 

621.397.621: 621.385.832 1573 
90° Scanning.-R. H. C. Morgan & 

K. E. Martin. (J. Telev. Soc., July/Sept. 
1957, Vol. 8, No. 7, pp. 285-297.) The 
sensitivity and raster quality problems are 
discussed and two types of scanning coil 
assembly that reduce the energy required 
for full deflection are described. Improve-
ments in line-timebase techniques give 90° 
scanning without an increase in the power 
required. 

TRANSMISSION 

621.376.32: 621.396.41.029.6 1574 
An Improved Frequency Modulator 

for Broad-Band Radio Relay Systems. 
-I. A. Rave,nscroft. (P.O. elect. Engrs' J., 
Oct. 1957, Vol. 50, Part 3, pp. 186-188.) 
The linearity is improved by negative feed-
back so that the modulator may be used in 
600-channel telephone circuits conforming 
to C.C.I.R. standards. A method of 
reducing distortion at high modulation 
frequencies (up to 2.5 Mc/s) is discussed. 
See also 286 of 1956 (Ravenscroft & White). 

621.396.61 : 621.314.7 1575 
Simple Transistor Transmitter for 

1 • 8 Mc/s.-N. Waite. (R.S.G.B. Bull., 
Oct. 1957, Vol. 33, No. 4, p. 177.) Circuit 
and constructional details of a single-stage 
c.w. transmitter deriving its power supply 
from a 4.5-V battery. 

621.396.712.029.62: 621-523.8 1576 
The Automatic 3-kW U.H.F. Trans-

mitter 'Hoher Bogen'.-P. G. Zehnel & 
J. Brose. (Elektronik, Aug. 1957, Vol. 6, 

No. 8, pp. 240-242.) Two 250-W trans-
mitters, one being in reserve, and a 3-kW 
amplifying stage are controlled by means 
of the automatic equipment described. 

VALVES AND THERMIONICS 

621.314:63: 621.318.57: 546.28 1577 
p-n-p-n Switching Diodes.-A. K. 

Jonscher. (J. Electronics Control, Dec. 1957, 
Vol. 3, No. 6, pp. 573-586.) "The paper 
describes silicon diodes of p-n-p-n structure 
which exhibit rapid switching from a high-
resistance to a low-resistance state, similar 
to that described recently by Moll et al. 
[3899 of 1956]. Two types of characteristics 
are shown, those switching on both the 
'forward' and `reverse' branches and those 
giving ordinary diode forward behaviour 
and switching on the 'reverse' branch only. 
A theoretical treatment is given accounting 
for this behaviour and discussing the nature 
of the conduction mechanism in the low-
resistance state for both directions of 
current flow." 

621.314.63: 621.372.632 1578 
Semiconductor Diodes Yield Con-

verter Gain.-A. Uhlir, Jr, & N. Bron-
stein. (Bell Lab. Rec., Oct. 1957, Vol. 35, 
No. 10, p. 412.) Gains up to 6dB (with 
adequate bandwidth for some applications) 
have been achieved with gold-bonded 
germanium diodes when converting from 
75 Mcis to 6 kMc/s. In `down-conversion' 
stages using diffused silicon diodes gains 
up to 45 dB have been obtained. 

621.314.7 1579 
Injection Coefficient and Forward 

Current/Voltage Characteristic of a 
Spherical Contact.-Z. S. Gribnikov & 
K. B. Tolpygo. (Zh. te/ch. Fiz., April 1957, 
Vol. 27, No. 4, pp. 625-629.) The injection 
coefficient of a transistor p-n junction is 
examined, and the effect of increasing the 
radius of the metallic contact, and the 
corresponding increase in donor concentra-
tion are discussed. 

621.314.7: 539.169 1580 
Analysis of the Effect of Nuclear 

Radiation on Transistors.-J. J. Loferski. 
(J. appl. Phys., Jan. 1958, Vol. 29, No. 1, 
pp. 35-40.) A description of the permanent 
changes produced in Ge transistors. In-
formation on the effect of radiation on 
semiconductors is reviewed, and the results 
are combined with transistor theory. The 
amplification factor of transistors and the 
effect of the fast neutron field of a reactor 
are discussed in detail. 

621.314.7: 546.289 1581 
Germanium Junction Transistors.-

H. Frank. (Slab. Obz., Praha, Dec. 1956, 
Vol. 17, No. 12, pp. 680-687.) The 
properties of Czech junction transistors with 
maximum power loss 20-50 mW and 
maximum operating frequency 500 kc/s 
are considered. 

621.314.7: 621.3.018.75 1582 
The Passage of Single and Periodic 

Current Pulses through a Transistor. 
-V. G. Kolotilova. (Zh. tekh.Fiz., April 
1957, Vol. 27, No. 4, pp. 630-637.) Two 
cases are considered: (a) transistors with 
earthed base, (b) transistors with earthed 
emitter or collector. 

621.314.7: 621.317.3 1583 
Measurement of High-Frequency 

Equivalent-Circuit Parameters of Junc-
tion and Surface-Barrier Transistors. 
-A. R. Molozzi, D. F. Page & A. R. Booth-
royd. (Trans. Inst. Radio Engrs, April 
1957, Vol. ED-4, No. 2, pp. 120-125. 
Abstract, Proc. Inst. Radio Engrs, Aug. 1957, 
Vol. 45, No. 8, p. 1163.) 

621.314.7: 62r.317.3 1584 
Measuring Transistor 'Power Gain' 

at High Frequencies.-Coffey. (See 1491.) 

621.314.7: 621.396.822 1585 
Transistor Noise in the Low-Fre-

quency Region.-J. Schubert. (Arch. elekt. 
übertragung, Aug.-Oct. 1957, Vol. 11, 
Nos. 8-10, pp. 331-340, 379-385 & 416-
423.) The validity of an equivalent circuit 
based on earlier work [see e.g. 3393 of 1954 
(van. der Ziel)] is confirmed by measure-
ments of noise characteristics on p-n-p-type 
transistors in the frequency range 86 c/s-
100 kc/s. The optimum operating condi-
tions for the minimum noise figure are 
derived for the earthed-base, earthed-
emitter and earthed-collector circuits and 
the noise parameters of the equivalent noise 
quadripole of a transistor are given. 23 
references. 

621.314.7: 621.396.822 1586 
Behaviour of Noise Figure in Junction 

Transistors.-W. N. Coffey. (Proc. Inst. 
Radio Engrs, Feb. 1958, Vol. 46, No. 2, 
pp. 495-496.) Noise-figure expressions are 
modified to include the effect of partial 
correlation of the emitter and collector 
noise generators. 

621.314.7.002.2 1587 
Alloy-Diffusion: a Process for Mak-

ing Diffused-Base Junction Transistors. 
-J. R. A. Beale. (Proc. phys. Soc., 1st Nov. 
1957, Vol. 70, No. 455B, pp. 1087-1089.) 
In the process described the base width is 
determined by the difference in thé diffusion 
depths of two impurities and is practically 
independent of the alloying depth. A 
reasonably substantial metal contact to the 
recrystallized emitter is automatically pro-
duced. Examples are quoted of the 
characteristics achieved in a group of 
transistors obtained using p-type Ge and a 
carrier metal, such as Pb, containing about 
1% Sb and 2% Ga. 

621.314.7+ 621.3851012.8 1588 
High-Frequency Parameters of Tran-

sistors and Valves.-J. Zawels. (Elec-
tronic Engng, Jan. 1958, Vol. 30, No. 359, 
pp. 15-17.) The high-frequency equivalent 
circuits of junction transistors and valves 
are developed; the exact open-circuit, 
short-circuit, and hybrid parameters are 
tabulated. 
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621.314.7.012.8 1589 
Equivalent Circuit of a Transistor 

Operating at High Frequencies.-I. I. 
Litvinov. (Radiotekhnika, Mosk., Oct. 1956, 
Vol. 11, No. 10, pp. 25-29.) Formulae are 
derived for calculating the parameters of 
the equivalent circuits which are valid over 
a wide frequency range. The accuracy of 
the formulae is confirmed by experiment. 

621.383.2.032.217.2 1590 
Photoelectric Emission of Oxide-

Coated Cathodes.-T. Yabumoto & S. 
Yamada. (J. phys. Soc. Japan, Oct. 1957, 
Vol. 12, No. 10, p. 1163.) A new peak at 
4.7 eV was found in the photoelectric 
emission of Ba-Sr oxide-coated cathodes 
exposed at room temperature to an oxygen 
atmosphere at a pressure of 10-5-10-. mm 
Hg for about five minutes. 

621.383.27 1591 
Spectral Response and Linearity of 

Photoxnultipliers.-H. Edels & W. A. 
Gambling. (Brit. J. appl. Phys., Dec. 1957, 
Vol. 8, No. 12, pp. 481-482.) Spatial 
variations in spectral response are shown to 
change their form with wavelength. With 
suitably designed circuits, linearity of 
output with input intensity is achieved for 
output currents up to at least 10 µA. 

621.383.27.032.21 1592 
Characteristics of the Dark Current 

of Unfocused Secondary - Electron 
Multipliers with Cs,Sb Photocathodes. 
-F. Eckart. (Ann. Phys, Lpz., 20th Dec. 
1956, Vol. 19, Nos. 3-5, pp. 133-144.) The 
temperature dependence of the thermionic 
emission of the photocathode was investi-
gated in the temperature range from 
+20° to + 50°C. The work function 
calculated from this is 1.2 eV which is 
0.2 eV less than the photoelectric energy 
derived from the cut-off frequency of the 
external photoeffect. See also 930 of 1956. 

621.383.4: 535.371.07 1593 
Solid - State Image Amplifiers. - 

G. F. J. Garlick. (J. sci. Instrum., Dec. 
1957, Vol. 34, No. 12, pp«. 473-479.) The 
large-area solid-state light amplifier is built 
up from sintered layers of photoconductor 
and phosphor, or from layers of micro-
crystalline material bonded in a suitable 
resin. A simple device uses a single 
evaporated phosphor layer. Image con-
version may be possible in the infrared up 
to 6 µ, in the ultraviolet and in the X-ray 
regions. 

621.385.029.6 1594 
Plug-In Reflex Klystrons for Micro-

waves.-A. F. Pearce, K. H. Kreuchen, 
C. Baron, N. Houlding & S. Ratcliffe. 
(J. Electronics Control, Dec. 1957, Vol. 3, 
No. 6, pp. 535-563.) Plug-in klystrons 
have the advantages of low replacement 
cost and improved consistency of char-
acteristics. The design of the cavity is 
flexible and a smaller number of types is 
required to cover a wide frequency band. 
A discussion of the design of plug-in 
klystrons is included and details are given 
of the construction and characteristics of 
two British types: CV2I16 for the S band 
and CV2346 for the X band. Both these 
have useful performances over the range 
2-12 kMc/s. 

621.385.029.6 1595 
Space- Charge Waves along 

Magnetically Focused Electron Beams. 
-W. W. Rigrod: J. Labus. (Proc. Inst. 
Radio Engrs., Jan. 1958, Vol. 46, No. 1, 
pp. 358-360.) Comment on 2961 of 1957 
and author's reply. 

621.385.029.6 1596 
Fabrication of Multicavity 

Magnetrons.-A. Singh & N. C. Vaidya. 
(J. sci. industr. Res., April 1957, Vol. I6A, 
No. 4, pp. 169-175.) Détails of techniques 
and equipment used. 

621.385.029.6 1597 
Design and Performance of a High-

Power Pulsed Magnetron.-E. C. Okress, 
C. H. Gleason, R. A. White & W. R. Hayter. 
(Trans. Inst. Radio Engrs, April 1957, Vol. 
ED-4, No. 2, pp. 161-171. Abstract, 
Proc. Inst. Radio Engrs, Aug. 1957, Vol. 45, 
No. 8, p. 1164.) 

621.385.029.6 1598 
Travelling-Wave-Tube Propagation 

Constants.-G. R. Brewer & C. K. 
Birdsall. (Trans. Inst. Radio Engrs, April 
1957, Vol. ED-4, No. 2, pp. 140-144. 
Abstract, Proc. Inst. Radio Engrs, Aug. 1957, 
Vol. 45, No. 8, pp. 1163-1164.) 

621.385.029.6 1599 
Effect of Magnetic Field on Coupled 

Helix Attenuators.-M. H. Miller, B. 
Hershenov & J. R. Black. (J. appl. Phys., 
Nov. 1957, Vol. 28, No. 11, pp. 1363-1364.) 
In a travelling-wave valve, a considerable 
variation of attenuation with magnetic field 
strength was observed, using a trifilar 
coupling helix wound from 0- 002-in. 
Kanthal wire. 

621.385.029.6 1600 
Backward-Wave-Oscillator Starting 

Conditions.-R. D. Weglein. ( Trans. 
Inst. Radio Engrs, April 1957, Vol. ED-4, 
No. 2, pp. 177-179. Abstract, Proc. Inst. 
Radio Engrs, Aug. 1957, Vol. 45, No. 8, 
p. 1164.) 

621.385.029.6 1601 
Backward-Wave Oscillators for the 

8 000-18 000-Megacycle Band.-H. R. 
Johnson & R. D. Weglein. (Trans. Inst. 
Radio Engrs, April 1957, Vol. ED-4, No. 2, 
pp. 180-184. Abstract, Proc. Inst. Radio 
Engrs, Aug. 1957, Vol. 45, No. 8, p. 1164.) 

621.385.029.6 1602 
A High-Power Periodically Focused 

Travelling-Wave Tube.-0. T. Purl, 
J. R. Anderson & G. R. Brewer. (Proc. 
Inst. Radio Engrs, Feb. 1958, Vol. 46, No. 2, 
pp. 441-448.) The design considerations, 
construction and performance of an S-band, 
pulsed, kilowatt-level travelling-wave valve, 
focused by means of periodic permanent 
magnets are described. The results of 
studies on the electron-beam defocusing 
effect of strong r.f. fields and on the effect 
of attenuator design on power build-up and 
saturation level are reported. Factors 
affecting the design of a high-power travel-
ling-wave valve using periodic magnetic 
focusing are described in order to show the 
design constraints imposed by the periodic 
focusing system. 

621.385.029.6: 537.533 1603 
Some Characteristics of a Cylindrical 

Electron Stream in Immersed Flow.-
G. R. Brewer. (Trans. Inst. Radio Engrs, 
April 1957, Vol. ED-4, No. 2, pp. 134-140. 
Abstract, Proc. Inst. Radio Engrs, Aug. 1957, 
Vol. 45, No. 8, p. 1163.) 

621.385.029.6: 537.533 1604 
Use of Scanning Slits for Obtaining 

the Current Distribution in Electron 
Beams.-K. J. Harker. (J. appl. Phys., 
Nov. 1957, Vol. 28, No. 11, pp. 1354-1357.) 
In axially symmetric electron beams, the 
current density is related to the current 
through a slit by an integral equation. 
This equation is solved and a technique for 
rapid numerical evaluation is given. 

621.385.029.6: 621.372.2 1605 
Analysis of Coupled-Structure 

Travelling - Wave Tubes. - N. Rynn. 
(Trans. Inst. Radio Engrs, April 1957, Vol. 
ED-4, No. 2, pp. 172-177. Abstract, 
Proc. Inst. Radio Engrs, Aug. 1957, Vol. 45, 
No. 8, p. 1164.) 

621.385.029.64: 537.533: 621.375.9 1606 
A Parametric Electron-Beam 

Amplifiet.-T. J. Bridges. (Proc. Inst. 
Radio Engrs, Feb. 1958, Vol. 46, No. 2, pp. 
494-495.) An amplifier similar to the solid-
state amplifier proposed by Suhl (3076 of 
1957) can be devised using an electron beam 
instead of the ferrite. Such an amplifier has 
the possibility of very-low-noise operation 
since the fundamental limitations of noise 
performance of conventional microwave 
amplifiers do not apply. An amplifier has 
been built and initial experimental results 
are given. 

621.385.029.65 1607 
Experimental 8-mm Klystron Power 

Amplifiers.-T. J. Bridges 8c H. J. 
Curnow. (Proc. Inst. Radio Engrs, Feb. 1958, 
Vol. 46, No. 2, pp. 430-432.) A c.w. output 
of 75 W was obtained with operation 
limited by the maximum current density of 
1.5 A/cm2 that could be attained with 
sprayed-oxide cathodes. 

621.385.832: 621.397.621 1608 
90° Scanning.-Morgan & Martin. 

(See 1573.) 

MISCELLANEOUS 

061.6 : 621.3 1609 
Electronics Research Laboratory.-

(Engineer, Lond., 25th Oct. 1957, Vol. 204, 
No. 5309, pp. 604-606.) Review of work 
carried out at the Mullard Research 
Laboratories in Surrey, England. 

621.3(083.74) (083.86) 1610 
Index to I.R.E. Standards on Defini-

tions of Terms 1942-1957.-(Proc. Inst. 
Radio Engrs, Feb. 1958, Vol. 46, No. 2, 
pp. 449-476.) Standard 58 I.R.E. 20.S I 
containing an alphabetical list of approxi-
mately 3 500 technical terms with the code 
number of the appropriate I.R.E. standard 
and its date of publication. 
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"BELLING- LEE" 

PRINTED CIRCUIT 
CON N ECTORS 

L1380 

,11372 

L 1355 

L1369 

L1392 

L.I369 8- pole connector 0.15" module 

L.I370 12- pole connector 0.15" module 

L.I372 18- pole connector 0.15" module 

L.I355 8- pole connector 0.1" module 

L.I380 Printed circuit guide 

L.I381 Polarizing pin for connectors 

L.I366 Coaxial socket 
(accepts standard plugs) 

L.I383 Fuseholder size 00 

L.I384 2-way Terminal block 
(Dovetail type) 

L.I392 Test Point 

L1370 

L 1383 

11384 

The new range of printed circuit connectors—first introduced at the 
R.E.C.M.F.—use the printed circuit board itself as the plug-in member. 

The unique contact spring construction ensures that a very large number 
of insertions and withdrawals of the board can be made without deteriora-
tion of the circuit or connector. The springs are gold-plated to ensure a 
low resistance connection. 

Correct polarity of insertion can be arranged by removing a contact and 
replacing it with a polarizing pin (L.r38I) which engages with a slot cut 
in the panel. More than one polarizing pin may be used to "code" boards 
in an assembly. 

All printed circuit components have been designed for dip-soldering and 
any holes in the base panel are on the o.t" grid, with the exception of types 
L.I369, L.1370 and L.I372 which are on a 0.025" grid because of their 
o. I 5" spacing. For example, with L.5355 connector all holes, including those 
for fixing the connector and the guides (L.138o), are on the o.5" grid. 

The coaxial socket accepts standard free plugs. The fuseholder accepts 
"Belling-Lee" fuselinks L.754 and L.562 (to mA to 7A ratings). 

BELLING & LEE LTD 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 

Telephone: Enfield 3322 • Telegrams: Radiobel, Enfield 
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SWITCHES 
FOR AUTOMATION 

ELCOM have considerable experience in the design and 

production of rotary stud switches which have proved 

their efficiency in a wide range of applications including 

continuous thermocouple scanning, programme 
temperature controllers and many aspects of automation. 

* 2 pole 25 position switch suitable for continuous motor driven rotation. 

ELCOM are always ready to discuss special purpose switching. 

For details of Faders and Attenuators, Plugs and Sockets, 

Precision Wire Wound Resistors write or phone 

ELECTRONIC COMPONENTS 
WEEDON ROAD INDUSTRIAL ESTATE, NORTHAMPTON 

Telephone NORTHAMPTON 2467 and 1873 Grams ELCOM' NORTHAMPTON 

Potentiometers 
new and up-to-date edition 

WORKED RADIO 
CALCULATIONS 

Graded Practical Examples 

By Alfred T. VVitts, A.M.I.E.E. 2nd Edition. 
This book will help all radio mechanics and 
wireless students to master completely the 
various mathematical equations that occur 
throughout their training. This new edition 
which incorporates the M.K.S. system includes 
most of the important formulae. Several 
examples are given for each formula so that 
the student can familiarize himself with the 
practical significance of the equation. 
An invaluable book for the radio student, 
practical service engineer and wireless 
operator. I 2s. 6d. net. 

PITMAN 
Parker Street, Kingsway, London, WC2 

Mu.Iti-Gang Unit Type AG 
for analogue 
computers and sers 4,-
sy,ttems 
extra- 10\v I'm- guy 
types (0.2 gem). 
Up to 100 Ke 
and 360. 

(Range of 
servo-motors also 
available). 

Kynmore Engineering Company Limited 
III11,1\1:11 \\I ,T1t1.1:1' 1.10\111)\. \\ . 1: 

1,',•ph.me I 7 I7' 

C.J.R. Electrical and 
II Electronic Development Ltd. 

Manufacturers of 

Industrial Electronic Control Equipment 

Transformer and Coil Winding 

to customer's specification 

BICKFORD ROAD, VVITTON 

BIRMINGHAM, 6 Telephone EAST 0822 
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NEW EQUIPMENT, DEVELOPED 

FROM MISSILE RESEARCH, 

COULD SOLVE YOUR PROBLEM 
The exacting specifications required in missile research and testing have set new standards 
of accuracy and reliability. To meet them Armstrong Whitworth developed special new materials 
and equipment. They made major developments in the fields of telemetry, recording 
and instrumentation. Components were precision-made to fulfil exacting requirements. 

Now all this experience and 'know-how' is available for general application . . . 
perhaps to your particular problem. 
Armstrong Whitworth has built up an electronics division. Its technicians are impressively 
armed with the most modern equipment. They have developed new methods. 
Why not make use of their experience in any of their specialised fields ? 

New Directional Coupler 

This new directional coupler, already ordered by BBC Television for 
testing micro-wave aerials, is suitable for measurement of 
RF power and Standing Wave Ratio in coaxial cables. It is designed 

for the telemetry frequencies — 465 and 600 m/cs. 

• POWER: Low range z w.cw. max. } at frequency of calibration 

High range 5 w.cw. max. 

• ATTENUATION: less than 1% 

• ACCURACY: better than 2% at frequency of calibration 

ARMSTRONG WHITWORTH ELECTRONICS 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., BACINTON, COVENTRY 

MEMBER OF HAWKER SIDDELEY/ONE OF THE WORLD'S INDUSTRIAL LEADERS 

I Get your secretary to mail this. It will bring NAME - I 

I you by return a booklet giving details of the 

equipment currently available and the ADDRESS ,  I 

l Armstrong Whitworth Electronic service. 
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Lewis are also makers of Beryllium Copper 
'Wavey' Washers and springs and pressings in 
Beryllium copper for the electrical and electronic 
industries. Full details will gladly be sent on request. 

THE LEWIS SPRING CO. LTD. 
RESILIENT WORKS, REDDITCH Tel. Redditch 720IPBX 

London Office: 122 High Holborn, WCI Tel. Holborn 7470 and 7479 

This is the valve retainer everyone has been waiting 

for, the Lewis high-quality, high-efficiency retainer 

made in sizes to RCS257 and RCL257. 

Cadmium-plated DTD 904, Passivated DTD 923, 

connecting springs in stainless steel from EN 58A. 

Send today for samples and prices. 

LEAVE IT Ti 

OF REDDITC11 
SPRINGS, SPRING CLIPS 
PRESSWORK, WIRE FORMS 

VOLUTE SPRINGS 

E EEO N O lE II E 

eareveI aereeele 
Regd. Regd. 

4//Ceet.-c/iRome cueRo--/viceez. 

`Vacrom' and 'Eureka' resistance wires can be supplied BARE or with STANDARD 
COVERINGS of cotton, silk, rayon, enamel and glass. 
`Vacrom' is used where a high resistance is required in a limited space, while 'Eureka' 
with its low temperature co-efficient is always in demand for precision work. 

THE LONDON ELECTRIC 
WIRE COMPANY 

AND SMITHS LIMITED 

LEYTON, LONDON, E.I0 

75 ST. SIMON STREET, 
SALFORD 3, LANCS. 
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Patented anti-parallex mirror 

HIGHEST 
SENSITIVITY 

A REVOLUTIONARY NEW IDEA, 

TAYLOR'S ' CENTRE POLE' 
moving coil movement sets the standard for 

panel meters. It is the MOST SENSITIVE 

AND MOST POWERFUL MOVEMENT 

ON THE MARKET measuring 5 millionths 

of an amp with complete reliability, and accuracy 

to B.S. 89/54 Industrial limits. Extremely robust, 

this instrument consists of a centre core magnet 

surrounded by a soft iron ring where the coil 

rotates around the magnet. TORQUE TO 

WEIGHT RATIO IS AT LEAST TWICE 

THAT OF CONVENTIONAL MOVE-

MENTS. STICK-FREE OPERATION, INHER-
ENT MAGNETIC SHIELDING. A novel method 

of dry balancing ensures permanency and reliability 

scale gives accurate reading. The meters can withstand xo,000 per cent overload. 

A wide range of meters, round or rectangular, is available with scale lengths from two to five ins. 

VERY COMPETITIVE PRICES - PROMPT DELIVERY 
Samples delivered in seven days. Quantities in 4 weeks 

Write for a Catalogue, stating your requirements 

TAYLOR ELECTRICAL INSTRUMENTS LTD., Dept. I.P., Montrose Avenue, Slough, Bucks. 

erettiot. 
Telephone Slough 21381 

Built to Laboratory Standards 
of deaf/lacy and 0 

lib imp «on 
oar tom 

fe", Mel Ear 
,gile gab gm. 

11•Ii 

'REGAVOLT' 
ROTARY VARIABLE 
TRANSFORMERS 
Exact voltage control 
6 standard models 
250VA— 2.5 kVA 

BERCOSTAT RHEOSTATS 
Accurate— tough — compact. 
8 sizes from 25-500 watts. 

-* ?lease write or 
f 

ourCatalogueeich 

v4i11 be despatched 

by return of post. 

18 

SEALED 
POTENTIOMETERS 
— I and 5 watt models 
Proofed against Dust, 
Fumes, Climate etc. 
Maximum working 
voltage- 500V. 

Full Technical Details from 

THE BRITISH ELECTRIC RESISTANCE CO LTD 

• • • 

VOLTAGE & CURRENT 

CONTROL EQUIPMENT 

SLIDING 
RESISTANCES 

36 standard sizes for 
laboratory and industrial use. 

in association with 

THE BRITISH POWER TRANSFORMER CO LTD 

QUEENSWAY • ENFIELD • MIDDLESEX • Telephone: HOWard 2411 
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MULLARD 
LIMITED 

are about to 

make several new appointments in their 

SEMICONDUCTOR 

DIVISION 

Due to rapid expansion in the Company's 

Semiconductor activities, Mullard Limited 

invite applications for the following posts: 

(A) TECH NICAL/COMMERCIAL 
REPRESENTATIVE (SALES ENGINEERING) 

Applicants should be graduates or equivalent in 
electrical engineering, telecommunications or physics 
and/or have had successful experience in the develop-
ment and design of electronic equipment. 

(B) COMMERCIAL REPRESENTATIVE 

Applicants should have had experience as commercial 
representatives dealing with executives and buyers 
in the electronic manufacturing industries. Experi-
ence in or knowledge of the valve or component 
industries would be an advantage. 

(C) HEAD OF THE TECHNICAL OFFICE 

A graduate engineer or equivalent is required to take 
charge of the technical office handling data, applica-
tional material, technical correspondence, etc. He 
should preferably have had similar experience, or 
experience in valve or semiconductor measurements. 

There will also he vacancies for: 

TECHNICAL ASSISTANTS 

Technical assistants of at least O.N.C. level are 
required in the Technical Office. 

Applications in writing should be sent to the 
Personnel Officer: 

MULLARD HOUSE 

TORRINGTON PLACE, LONDON, W.C.I 

DFDECIDglil 

g 

D 

Ei 
111DEDDEFFgEEDDEDFLICIDDDDED 

As actual makers we offer you precision to 
match your own, in a wide range of finishes in 
all non-ferrous metals and other materials. 

FAMED CENTRE FOR 

JOIN THE SCIENTIFIC BOOK CLUB! 
You buy Books published at 10/6, 12/6, 15/-
and more for ONLY 4/-. Write for details. 

119-125 CHARING CROSS ROAD, LONDON, WC2 

GERrard 5660 (20 lines) Open 9-6 (including Saturdays) 
Two minutes from Tottenham Court Road Station 

Hall-mark your products with 

NAMEPLATES & DIALS 

; 

ESTABLISHED 

OVER 50 YEARS 

MACHINE 
ENGRAVING 

Thisservice isavail-
able to customers 
calling for small 
quantities or 
where plates are 
required for proto-
type products or 
equipment. 

, e 

o 

by 

Metal 

Gravure 

INSTRUMENT 

PANELS 
A 

SPECIALITY 

THE METAL GRAVURE CO. LTD. 
BABINGTON WORKS • KNOLLYS ROAD • LONDON • S.W.I6 
  PHONE STREATHAM 2171   

g1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 I I I I I I I I I I I I I I I I I I I I I I I I I I I I a 

THE WORLD'S GREATEST BOOKSHOP E 

a 

Technical Books 
E 

E 
-É 

E 

Approved 

TRANSFORMERS of all types up to 25 KVA for Single or Three 
Phase operation, Phase conversion, etc. 

MAINS Output and Special Purpose Transformers for 
Radio Equipment; Chokes, etc. 

COILS far Contactors, E.M. Brakes, Air Valves, etc., 
and coil WINDINGS for all purposes. 

SOLENOIDS for AC. and D.C. Operation. 

W. F. PARSONAGE E C° LTD 

!MUTA WORKS 
PARK RD BLOXWICH WALSALL 

TELEPHONE. BLOX. 664 64 
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ELECTRONIC & 

RADIO ENGINEER 

CLASSIFIED ADVERTISEMENTS 
Advertisement Rates. 6d. per word, minimum charge 6/-, each paragraph charged 
separately. Remittances payable to Bee fe Sons Ltd., Dorset House, Stamford St., S.E.1. 
Series discount of 15% is allowed for 12 consecutive insertions. 

Box Numbers are available at an additional charge of 2/- to defray cost of registration 
and postage. Replies should be addressed Box No. 0000, do "Electronic ee Radio 
Engineer", Dorset House, Stamford Street, London, S.E.1. 

Semi-Display advertisements with centralized lines £11151- per single column inch—no 
additional charge for Box Numbers. The Publishers are not responsible for clerical or printers' 
errors although every care it taken to avoid mistakes. 

Press date for the June 1958 issue is first post 22nd May 5958 

SITUATIONS VACANT SITUATIONS VACANT SITUATIONS VACANT 

COMMONWEALTH OF AUSTRALIA 

COMMONWEALTH SCIENTIFIC AND IN-
DUSTRIAL RESEARCH ORGANIZATION 

DIVISION OF ELECTROTECHNOLOGY 

Appointment No. 750/88 Research Officer 

APPLICATIONS are invited for appointment to a 
position of Research Officer with the Organization's 
Division of Electrotechnology, located at the 
National Standards Laboratory, in the grounds of 
the University of Sydney, New South Wales. 
THE Division is actively engaged in fundamental 
research on problems associated with the establish-
ment and determination of electrical measurement 
standards and now requires a research worker who 
will concentrate his activities in the high-frequency 
region. Initially he will be asked to concern himself 
with co-axial line problems at frequencies up to 
3,000 M,'cs. 
ADEQUATE basic measuring facilities are available 
throughout the Division. The research staff is well 
backed up by an excellent library service and highly 
competent drawing office and workshop staff. The 
Division is situated in the same building as the 
Organization's Divisions of Radiophysics, Physics 
and Metrology, and within the grounds of the 
University of Sydney. 
APPLICANTS should possess at least a University 
honours degree in Science with Physics or Mathe-
matics as a major subject, or in Physical Engineering, 
or equivalent qualifications, together with appro-
priate research experience. Experience in electronic 
techniques is desirable. 
COMMENCING salary is dependent upon the 
appointee's qualifications and experience and will be 
determined within the salary range of Research 
Officer £A1,3z3—£Ax,938 p.a. 
THE appointment will be conditional upon a 
satisfactory medical examination and the appointee 
will be required to contribute to, and to receive 
benefits from, the Commonwealth Superannuation 
Fund, or the Commonwealth Provident Account. 
AN appointee migrating from overseas will be 
eligible for first-class sea or air transport to Australia 
for himself, his wife and family. An appropriate 
contribution will also be made towards fares of an 
Australian appointee, his wife and family, tempor-
arily abroad for study or similar purposes. 
APPLICATIONS quoting Appointment No. 
750/88 and stating full name, place, date and year of 
birth, nationality, marital state, present employ-
ment, particulars of qualifications and experience, 
and of war service, if any, accompanied by the 
names and addresses of three professional referees 
and a list of publications, should reach the under-
signed, from whom further particulars may be 
obtained, by 24th May, 1958. 

A. SHAVITSKY, 
Chief Scientific Liaison Officer. 

AUSTRALIAN Scientific Liaison Offices, Africa 
House, Kingsway, London, W.C.z. igr 

ESSEX EDUCATION COMMITTEE 
SOUTH-EAST ESSEX TECHNICAL 

COLLEGE 

Longbridge Road, Dagenham 

REQUIRED in September: 
ASSISTANT Grade "B" to teach mainly Radio 
and Television Servicing and Electrical Tech-
nicians (Electronics) Courses. Teaching and 
servicing experience is desirable. 
SALARY £650 x £25 to £1,o25 plus additions for 
degree or equivalent, approved training and London 
allowance. Increments within scale for previous 
teaching service, approved industrial experience and 
War/National Service. 
DETAILS and application forms (stamped ad-
dressed foolscap envelope) from the Clerk to the 
Governors at the College. [1194 

THE UNIVERSITY OF MANCHESTER 

Jodrell Bank Experimental Station 

THERE is a vacancy for a Senior Engineer in 
connection with the 25o-ft. steerable radio telescope 
at the Jodrell Bank Experimental Station of the 
University of Manchester. The successful candidate 
will be responsible for the safety of personnel and 
the maintenance of the telescope, including the 
electrical and mechanical parts and the electronic 
instrumentation associated with the drive and 
computing systems. In addition, he will be required 
to organize the duties and routine of the controllers; 
to act, when required, as controller to ensure 24-hour 
continuity of the research programmes; and to 
undertake such other duties as may be assigned to 
him. 
APPLICATIONS are invited from persons with 
experience in the supervision and maintenance of 
heavy engineering and electrical equipment. Some 
general acquaintance with electronics is desirable. 
Membership of the Institute of Mechanical and/or 
Electrical Engineers or a First Class Board of Trade 
Certificate in Marine Engineering, Membership of 
the Institution of Marine Engineers; or some other 
equivalent qualification, is essential. 
THE commencing salary will depend on qualifica-
tions and experience, up to a maximum of £1,25o 
per annum, with membership of the F.S.S.U. and 
children's allowance. 
APPLICATIONS giving the names and addresses 
of two referees should be addressed to The Bursar, 
University of Manchester, Oxford Road, Man-
chester, 13. [1196 

Kent Education Committee 

MEDWAY COLLEGE OF TECHNOLOGY 
APPLICATIONS are invited for appointment as 
full-time Assistant Lecturer, Grade B, in Electrical 
Engineering. Candidates should be University 
Graduates, experience in Telecommunications is 
desirable. 
SALARY scale £650 x £25 to £1,025 together 
with allowances in accordance with the Burnham 
Award. Starting salary according to qualifications 
and experience. 
PARTICULARS and application form from the 
Principal, Medway College of Technology, Horsted, 
Maidstone Road, Chatham, Kent./s.a.e. [1190 

MINISTRY OF TRANSPORT AND CIVIL 
AVIATION requires Electrical Engineers (Assistant 
Signals Officers) for aviation telecommunications 
and electronic navigational aids. Minimum age 23, 
sit or 2nd class degree in Physics or Engineering, or 
A.M.I.E.E. or A.F.R.Ae.S. (candidates with Parts I, 
II and III of A.M.I.E.E. or Parts I and II of 
A.F.R.Ae.S. or equivalent, or of very high pro-
fessional attainment without these qualifications 
considered). Salary £665 (age 23) to £ 1,085 (age 34). 
Maximum £1,25o. Slightly lower outside London 
and for women. Five-day week. Further details and 
forms .from M.L.N.S., Technical and Scientific 
Register (K), 26 King Street, London, S.W.r, 
quoting D 129/8A. [1197 

BRITISH PETROLEUM COMPANY LIMITED 
has a vacancy for an Electronic Engineer for work 
in the Instrument Group at its Research Station at 
Sunbury-on-Thames. Applications are invited from 
men with a University degree in Physics or Elec-
trical Engineering or equivalent. Some experience in 
the design and development of electronic instruments 
preferable. Work will include development of 
instruments for the control and testing of internal 
combustion engines, for process control, and for 
chemical and physical measurements. Age under 35. 
Salary according to age, qualifications and exper-
ience. Non-contributory Pension Fund. Assisted 
House Purchase Scheme. Removal expenses and 
settling-in allowance payable in certain cases. 
Luncheon Club. Write_, giving full details, quoting 
H.33o3A, to Box 5738, c/o 191 Gresham House, 
E.C.2. [1195 

ASSISTANT CONTROLLER OF POSTS 
AND TELEGRAPHS 

SARAWAK 

FOR the installation and maintenance of all types of 
telecommunications equipment and systems includ-
ing land, lines, cables, telephones, teleprinters, 
carrier V.F.T. radio (including V.H.F.), etc., the 
administration of telecommunications and postal 
services. 
PENSIONABLE appointment in the salary range 
£1,386 to £2,324 p.a. plus education and children's 
allowances. Free passages for officer, wife and three 
children under eighteen. Free quarters if available. 
Generous leave. No personal income tax. 
CANDIDATES between 21 and 40 years should be 
Graduate Members of the Institution of Electrical 
Engineers or possess a degree or diploma recog-
nized by the Institution as granting exemption from 
its examinations. Practical experience in tele-
communications is necessary. 
WRITE Director of Recruitment, Colonial Office, 
S.W.r, stating age, qualifications and experience. 
Quote BCD. zo8/24/ox. [1192 

ELECTRONICS Technician. The London Hos-
pital, Whitechapel, E.r, has vacancy for a technician 
for constructing and servicing a wide variety of 
electronic equipment, including counting and 
scaling equipment, used for radioactive isotope 
assay. Some knowledge of instrument making also 
desirable. Salary according to qualifications and 
experience, but probably in the range £650—£880 
p.a. Write to House Governor. [1199 

ASSISTANT Engineer, Grade II, required by 
East Africa High Commission Directorate of Civil 
Aviation on probation for pensionable employment. 
Gross salary according to age and qualifications up 
to £ 1,173 a year in scale £813 rising to £ 1,34, a year. 
Outfit allowance £30. Free passages. Liberal leave 
on full salary after each tour 3o-36 months. Candi-
dates, who should hold at least two second-year and 
preferably one third-year C. & G. Certs. in Tele-
comms. Principles or Radio, must have had at 
least three years' experience in erection and main-
tenance of ground-station transmitters, radio and 
radar navigational aids and aerial systems. Up-to-date 
knowledge of workshop practice and teleprinter and 
perforator equipment essential. Experience of diesel 
electric power plant maintenance an advantage. 
Write to the Crown Agents, 4 Millbank, London, 
SW.,. State age, name in block letters, full qualifica-
tions and experience and quote M2C/42260/E0. 

[1193 

SERVICE 

SATURABLE reactors, transductors and complete 
control systems manufactured to customers' require-
ments. Write for details of new magnetic techniques 
applied to servo systems, constant current for 
vellodynes, etc. and series negative resistance units. 
Able Engineering, Ltd., 6 Singer Street Chambers, 
London, E.C.2, CLErkenwell 3695. [1188 

BUSINESS AND PROPERTY 

LONDON 
in the heart of the West End 

EXCELLENT opportunity available to Commercial 
Concern to acquire on lease a number of self-
contained flats and suites in a first-class modern 
building for use of Executives. 
D. PINTO & CO., 15 Dover Street, London, W .I. 
HYD 2244. [1z98 
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Index to Advertisers 

BOOKS, ETC. BOOKS, ETC. 

"TELEVISION Explained." By W. E. Miller, 
M.A. (Cantab), M.Brit.I.R.E. Revised by E. A. W. 
Spreadbury, M.Brit.I.R.E. The sixth edition of 
a book which assumes a knowledge of the ordinary 
sound radio receiver but no previous knowledge of 
television circuits. It is non-mathematical, written in 
simple language, and comprehensively illustrated by 
many diagrams and photographs. It will prove of 
great assistance to all students of television, to radio 
service engineers who wish to embark upon tele-
vision work and want to understand the principles 
and circuits involved, and to knowledgeable owners 
of television receivers who would like to understand 
the working of their set. 2s. 6d. net from all book-
sellers. By post 13s. 5d. from Iliffe & Sons, Ltd., 
Dorset House, Stamford Street, London, S.E.t. 

RADIO VALVE 

DEVELOPMENT ENGINEER 
required in 

ONTARIO, CANADA 

Canada's largest valve manufacturers 
require an engineer to head up develop-
ment of Reliable and Ruggedized 
Industrial and Military Type Tubes. 
These are glass subminiature types 
based primarily on American entertain-
ment style receiving tubes. 

Preferably University Graduate with at 
least five years' tube engineering 
experience. 

Permanent position, generous pension 
plan, paid vacation and many other 
employees' benefits. 

Write giving full details of experience 
and qualifications to: 

Department 330, 
Ontario Immigration Dept., 
12 New Burlington Street, 
London, W.1 

"RADIO Circuits: Step-by-Step Survey of Super-
het Receivers," 3rd Edition. By W. E. Miller, 
M.A. (Quitab), M.Brit.I.R.E., Editor of The Wire-
less and electrical Trader. Although this book 
deals mainly with the superhet receiver it is equally 
applicable to the straight set. The circuit of the 
superhet is dealt with section by section up to the 
complete receiver. 55. net from all booksellers. By 
post 9. pd. from Trader Publishing Co., Ltd., 
Dorset House, Stamford Street, London, S.E. r. 

"RADIO Designer's Handbook." Editor: F. 
Langford-Smith, B.Sc., B.E., Senior Member 
I.R.E. (U.S.A.), A.M.I.E. (Aust.). A comprehensive 
reference book, the work of ten authors and twenty-
three collaborating engineers, containing a vast 
amount of data in a readily accessible form. The book 
is intended especially for those interested in the 
design and application of radio receivers or audio 
amplifiers. Television, radio, transmission and 
industrial electronics have been excluded in order to 
limit the work to a reasonable size. 42$. net from 
all booksellers. By post 4.4s. 3d. from Iliffe & Sons, 
Ltd., Dorset House, Stamford Street, S.E.i. 

"THE Williamson Amplifier." This 15-watt ampli-
fier has gained world-wide recognition on account 
of its remarkably low distortion. The issues of 
W IRELESS W ORLD in which it was originally des-
cribed have long since been out of print, and the 
present booklet, which reprints all the relevant 
articles from 1947 onwards, gives full details not 
only of the basic circuit and layout, but also of the 
ancillary circuits recommended by the designer for 
high quality reproduction of record and radio 
programmes. 3s. 6d. net from all booksellers. By post 
38. tod. from Iliffe & Sons, Ltd., Dorset House, 
Stamford Street, S.E.r. 

"RADIO Interference Suppression: As Applied 
to Radio and Television Reception." By G. L. 
Stephens, A.M.I.E.E. 2nd Ed. An up-to-date guide 
to the various methods of suppressing electrical 
interference with radio and television reception. 
Many practical applications are given, particular 
attention being paid to the problem of interference at 
television frequencies. Other chapters deal with the 
design and choice of suppressor components, 
methods of locating the source of interference, and 
suppression at the receiver itself. tos. 6d. net from 
all booksellers. By post us. 2d. from Iliffe & Sons, 
Ltd., Dorset House, Stamford Street, London, 
S.E.i. 

BOOKS, ETC. 

"ADVANCED Theory of Waveguides." By L. 
Lewin. Sets out various methods of treating prob-
lems arising in work on this complex subject. 
The author has selected for discussion a number of 
topics as representative of the field in which the 
centimetre-wave engineer is engaged, many of the 
examples being concerned with the rectangular 
waveguide. pos. net from all booksellers. By post 
31s. from Iliffe & Sons, Ltd., Dorset House, Stam-
ford Street, London, S.E.t. 

e 

STEEL SHELVING 
100 bays of brand new adjustable 

STEEL SHELVING, 72" high x 34' 

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 

HEY WOOD, LANCS. Telephone 69018 

• 

e HOLIDAY & HEMMERDINGER 
LI MITED 

A.1.L), approved stockists 

INDUSTRIAL VALVES AND 
COMPONENTS 

71, ARDWICK GREEN NORTH, MANCHESTER, 12 
Tel: ARDwick 6366 (3 lines) 

Write for DATA SHEETS 
to Dept. A.3, ANDERTON 
SPRINGS LTD., BINGLEY 

Telephone: 2388, 2351 & 2226 
Telegrams: Circlips, Bingley 

AID., ARE., I.F.V. approved 
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Three things you 

should know about 

EDI SWAN transistors 
MAZDA 

2 

More and more 

manufacturers are 

specifying them. 

They are available 

in a range that covers 

numerous applications. 

Their prices are 

competitive. 

Your reference files are incomplete 
unless they include our latest folder 

of Ecilswan Mazda PNP Junction Transistor Data. 

May we send you a copy ? 

SIEMENS EDISON SWAN LIMITED 
An A.E.I. COMPANY 

155 Charing Cross Road, London, W.C.2, and branches 

Telephone: GERrard 5660. Telegrams: Sleswan Westcent. London 

CRC I5/11 

Electronic Ce Radio Engineer, May 1958 iii 



IC & RADIO ENGINEER 

SIGNAL GENERATOR ZP 
1/te/ates! 

MODEL 
t--•"' 202-E 

Developed to meet the needs of engineers engaged in the design of F.M. and television receivers for operation within 
• the frequency range 54 to 216 megacycles, this instrument embodies the results of twenty years' experience ia F.M. generators, 

gained in the production of the well-known Boonton 150 and 202-B series. 

FREQUENCY: 54-216 Mc .s may be extended down to 100 Kos by using the Univerter Type 
207-E below. 

R.F. OUTPUT VOLTAGE, Maximum open circuit 'voltage at front panel jack is approx. 0.4 voles. 
With output cable attached 02 volts nominal., Output impedance 50 ohms resistive at front 
panel jack. Minimum output 0.1 microvolts. 

FREQUENCY MODULATION: Three deviation ranges, 0-24 Kcia, 0-80 Kcfs, and 0-240 Kc's. 
each continuously adjustable. FM distortion, at 75 Kos is less than 2% and at 240 Kos less 
than 10%. 

FIDELITY CHARACTERISTICS: Deviation sensitianty of the Frequency Modulation system as a 
function of frequency is flat within = I 0b from 30 os to 200 Kos. 

• 
AMPLITUDE MODULATION.: Internal AM is. evadable from zero to 50% with meter calibration 
points ac 30% and50%, Exterral modulation may be used over the range 0-50%. A front panel 
jack connects to the screen of the final stage for pulse and square wave modulation. 

SPECIAL FEATURES: Incremental frequency range: The A F switch permits tuning in increments 
of S. = 15, = 20, = 25, = 30, = 50, = 60 Ktis In the 108 to 216 Mos range— half these 
values in the 54 to 108 Mes range A fine tuning control permits continuous tuning over a 
range of approximately = 20 Kc,s in the 108 to 216 Mcis range, and = 10 Kc,,s in the 54 to 
108 Mos range. 

'Boonton inctruments are crweritohln subject to import licence, 

from the SOLE CONCESSIONAIRES for the United Kingdom— 

LA D 
STR MENU LTD. 
iemie úteeisetensuilante 

TELEPHONE: VICTORIA 3243 (FIVE LINES) 

[22 & 23 MIL,,LBANK • WESTMINSTER • LONDON S.W.I 




