THE

RADIO AND ELECTRONIC
ENGINEER

The Journal of the Institution of Electronic and Radio Engineers

Volume 37, 1969

January-June

Published by the INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS
8-9 Bedford Square, London, W.C.1

Telephone: 01-636 1901. Telegrams: Instrad London, W.C.1



BOUND VOLUMES OF THE JOURNAL

Limited numbers of the following bound volumes are available:—

6 (1946)
7 (1947)
8 (1948)
Volume 9 (1949)
Volume 10 (1950)
Volume 11 (1951)
Volume 12 (1952)
Volume 13 (1953)
Volume 14 (1954)
Volume 15 (1955)
Volume 16 (1956)
Volume 17 (1957)
Volume 18 (1958)
Volume 19 (1959)
Volume 20 (1960)
Volume 21 (January-June 1961)

Volume
Volume

Volume

£2 12s.
£2 12s.
£2 12s.
£3 Ss.
£3 15s.
£3 15s.
£3 15s.
£3 15s.
£3 15s.
£3 135s.
£4 O0s.
£4 10s.
£4 10s.
£4 10s.
£4 10s.
£3 10s.

6d.
6d.
6d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.

Volume 22 (July-December 1961)
Volume 23 (January-June 1962)
Volume 24 (July-December 1962)
Volume 25 (January-June 1963)
Volume 26 (July-December 1963)
Volume 27 (January-June 1964)
Volume 28 (July-December 1964)
Volume 29 (January-June 1965)
Volume 30 (July-December 1965)
Volume 31 (January-June 1966)
Volume 32 (July-December 1966)
Volume 33 (January-June 1967)
Volume 34 (July-December 1967)
Volume 35 (January-June 1968)
Volume 36 (July-December 1968)
Volume 37 (January-June 1969)

£3 10s.
£3 10s.
£3 10s.
£3 10s.
£3 10s.
£3 15s.
£3 15s.
£3 15s.
£4 O0s.
£4 0s.
£4 0s.

£4
£4

£4

0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.
0d.

Members’ own copies of the Journal can be bound into volumes at a cost of 25s. per volume (postage
and packaging extra: 5s. 6d. Great Britain; 6s. 6d. Overseas).

The appropriate Journals should be sent to the Publications Department, 9 Bedford Square,

London, W.C.1.

DECLARATION ON FAIR COPYING

Under the terms of the Royal Society’s Declaration on Fair Copying, to which the Institution sub-
scribes, material may be copied from any issue of the Jowrnal which is out of print and of which no reprints

are available.

The Institution is not, as a body, responsible for expressions of opinion appearing in its publications,

unless otherwise stated.

© The Institution of Electronic and Radio Engineers, 1969

(i)



PRINCIPAL CONTENTS OF VOLUME 37, 1969

JANUARY

The Changing Years

The Use of a Radio Frequency Transformer to Increase the Sensitivity of a Radio Frequency Admittance Bridge.
I. L. FreesTON, B.Sc., M.Sc. .-

A Theoretical Appraisal of the Quenched Multiple Domain Mode in GaAs Microwave Diodes. R. I. HARRISON,
Ph.D., S. P. DEnkER, Ph.D. and H. BERGER, Ph.D.

The Design, Construction and Performance of Thick Film Cermet Trimming Potentiometers. B. S. METHVEN,
B.Eng. ..

Zero Quiescent Current Monostable Multivibrator. F. C. Ho, M.Sc.(Eng.)

Active and Passive Components for Attachment to Thick Film Circuits. A. F. Dyson, Dipl.Eng. and D.
GROSVENOR, B.Sc. .. .. .. .. .. .. .. .. .. .. .. ..

Control: Past, Present and Future. Professor H. H. Rosensrock, B.Sc., Ph.D., D.Sc.

The Impact of Pulse Code Modulation on the Telecommunication Network. Professor K. W. CATTERMOLE,
B.Sc.

A Communication Network for Real-time Computer Systems. D. W. Davigs, B.Sc.
Thick Films in Automotive Equipment. R. W. NOLAN
A Fast Binary to Logarithmic Analogue Converter. J. A. LapD, B.Sc.

FEBRUARY

Lasers and Opto-Electronics. Professor W. A. GAMBLING, D.Sc., Ph.D.

A Review of Progress in Underwater Acoustics. Professor D. G. TUCKER, D.Sc.
Progress in On-line Control by Computer. D. Best, O.B.E., B.Eng.

Some Electronic Logic Circuits for Serial-Parallel Arithmetic. K. J. DEAN, M.Sc.

Elimination of Character Smear on Labelled Plan Displays. W. J. DunN, E. M. SAWTELLE and L. J. WAPEL-
HORST .. .. .. ..

Two-port Representation of Multi-node Networks by Matrix Partitioning. R. T. KENNEDY, B.Sc.

The Maxson Multi-beam Antenna: Theory and Design for Non-interacting Beams. E. SHAw, Ph.D. ..

MARCH

Commonwealth Engineering Conference 1969 ..
The Development of Large Scale Integration. K. J. DEAN, M.Sc.

Electrical Efficiency of an Acousto-electric Oscillator. S. K. LaHirl, M.Tech. and Professor B. R. Nag,
M.Sc.(Tech.), D.Phil.

Flashover in Picture Tubes and Methods of Protection. A. CiuCiURA, B.Sc.(Eng.)

A Stored Microprogram Control Unit Using Tunnel Diodes. N. E. WiseMaN, M.A., M.S., B.Sc.(Eng.) and
P. C. WRIGHT, B.A. .. .. .. .. .. .. .. .. .. .. ..

Sensitivities of Six R-C Active Circuits. A. G. J. HoLt, Ph.D., A. S. ReID, B.Sc. and J. N. Torry, B.Sc.

(i)

11

17
22

25
30

33
47
53
57

65
69
85
95

99
109
117

133
135

143
149

169
183



PRINCIPAL CONTENTS

APRIL

Making the Journal More Useful. E. A. FAULKNER, M.A_, Ph.D. and E. RoBINsON, Ph.D. .. .. .. 197
The Use of Pulse Code Modulation for Point-to-Point Music Transmission. E. R. Rout and A. H. JoNEs, B.Sc. 199
An Electronically Programmable Shift Register. Professor J. W. R. GrifriTHs, Ph.D. and M. ToMLINsSON, B.Sc. 209
The Design of Feedback Shift Registers and other Synchronous Counters. A. C. Davies. B.Sc.(Eng.), M.Phil. 213

Some Applications of Celiular Logic Arithmetic Arrays. K. J. DEAN, M.Sc. .. .. .. .. A, 225
A Multiple-beam High-frequency Receiving Aerial System. J. T. STARBUCK, M.A. .. .- .. .. 229
Helix Antenna for Spacecraft. A. Das, M.Sc. .. .. .. .. .. .. .. 5 .. .. 237
A Proton Resonance Magnetic Field Stabilizer. R. A. Morris, B.Sc. and R. G. BROWN .. .. . 241

Matrix Tables for the Generalized 5-Terminal Amplifier. J. I. SEweLL, B.Sc., Ph.D. and F. W. STEPHENSON,

B.Sc., Ph.D. 247
MAY
Why Hold Conferences? .. .. - .. .. .. .. .. - . .. .. .. 257
Global Communications: Current Techniques and Future Trends. R. W. CANNON L .. . .. 259
Telecommunications Services in the United Kingdom. J. S. WHyTE, M.Sc.(Eng.) .. .. .. .. 289
Contrast and Brightness Control in Colour Television Picture Monitors. M. J. D. NURSE .. .. . 299
The Bipolar Transistor as a Voltage-operated Device. E. A. FAULKNER, M A, Ph.D. .. .. .. .. 303
Single-balanced Modulators using Square-law Resistors (S.C.L. Diodes). J. G. GARDINER, B.Sc., Ph.D. . 305
Cross-Correlation Techniques and their Application to Communication Channel Evaluation. D. A. H.
JoHNsoN, M.Sc. .. .. - " . .. .. .. .. | 4 .. .. .. .. 315
JUNE
Digital Methods of Measurement. K. J. DEAN, M.Sc. .. . . - . .e . - 321
Future Trends in Television Broadcast Engineering. A. V. Lorp, M.Sc. .. (3 .. .. 50 .. 323
Television Receivers—A Survey of Current Design Trends. P. L. MOTHERSOLE .. .. .. .. .. 329
An Introduction to Threshold Logic: A Survey of Present Theory and Practice. S. L. Hurst, M.Sc.(Eng.) .. 339
Cross-Modulation and Intermodulation Distortions in the Tuned Square-Law Diode Frequency Converter.
J. G. GARDINER, B.Sc., Ph.D. .. .. .. .. .. .. .. .. .. .. .. 353
A Radiometer for Measurement of the Noise Temperature of Low-Noise Microwave Amplifiers. J. W. CARTER,
B.Sc., H. N. DaGLisH, Ph.D. and P. MOoORE, B.Sc. .. .. .. .. .. .. .. .. 365
A Pulse Generator using R.T.L. Integrated Circuits. P. M. FENwICK, M.Sc. .. .. .. .. .. 374
On the Generation of a Standard Computer/Peripheral Interface. L. A. CRAPNELL, M.A. and E. I. RICHMOND
B.Sc.(Eng.) .. .. .. .. .. .. .. .. .. .. .. .. .. .. 377
Subject Index .. oe o 5 00 Bie 385
Index of Persons .. .. .. .. .. Bie 390
Index of Abstracts .. .. 3 - 4o 00 391

(iv)



THE INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS

FOUNDED 1925 INCORPORATED BY ROYAL CHARTER 1961

Patron
HER MOST GRACIOUS MAJESTY QUEEN ELIZABETH II

THE COUNCIL OF THE INSTITUTION 1969

President
MAJOR-GENERAL SIR LEONARD ATKINSON, K.B.E., B.SC., F.I.E.R.E.

Past Presidents
J. LANGHAM THOMPSON, F.L.E.R.E.
COLONEL G. W. RABY, C.B.E., F.LE.R.E.
PROFESSOR E. WILLIAMS, PH.D., B.ENG., F.LE.R.E.

Vice-Presidents
A. A. DYSON, 0.B.E., F.LE.R.E,
Professor W. A. GAMBLING, PH.D., B.SC., F.LE.R.E.
D. W. HEIGHTMAN, F.IL.E.R.E.

J. A. SARGROVE, F.LLE.R.E.
H. F. SCHWARZ, B.sC., F.LLE.R.E.
A. ST. JOHNSTON, B.sC., A.C.G.IL., F.LE.R.E.

Ordinary Members of Council
Fellows:
C. POWELL
A. S. PUDNER, M.B.E.
Group Capt. C. K. STREET, M.B.E.

J. BILBROUGH
C. T. CHAPMAN
B. F. GRAY, B.sC.(ENG.)

S. R. WILKINS

Members:

J. R. HALSALL, prp.EL. Dr. C. A. F. JOSLIN, M.B., B.s.

J. S. SHAYLER, B.SC.(TECH.)

Companion:
Captain G. B. C. BRITTON, cC.B.E., M.A., R.N.(RTD.)

Honorary Treasurer
G. A. TAYLOR, F.LE.R.E.

Director and Secretary

Chairmen of Local Sections in Great Britain
and ex-officio Members of Council:

T. G. CLARK, F.LE.R.E. Southern E. G. LAMB, B.SC.(ENG.), F.LE.R.E. Merseyside

J. G. COTTRELL, F.LE.R.E. East Anglian

Sir ARNOLD LINDLEY, p.s.c., C.G.I.A., F.LE.R.E.

G. WOOLDRIDGE, PH.D., M.sC.

GRAHAM D. CLIFFORD, c.M.G., F.LE.R.E.

Squadron-Leader J. EDWARDS, M.L.E.R.E. South Midland
P. M. ELLIOTT, M.LE.R.E. Scottish

C. C. EVANS, M.sC., M.ILE.R.E. South Wales

B. A. GARLAND, B.sC., M.IE.R.E. South Western

A. HARMSWORTH, B.sC.(ENG.), M.I.E.R.E. North Western

B

J. D. MCEWAN, B.sc., M.LE.R.E. Northern Ireland

V. L. C. MITCHELL, M.LE.R.E. West Midland

T. L. PERRY, M.LE.R.E. East Midland

C. C. RICHARDSON, B.SC.(ENG.), F.LE.R.E. Thames Valley
R. E. ROSS, r.LE.R.E. North Eastern

D. SHAW, B.sC., F.LE.R.E. Yorkshire



DIVISIONS AND LOCAL SECTIONS OF THE INSTITUTION

GREAT

East Midland
Chairman: T. L. PERRY, C.ENG., M.LE.R.E.

Honorary Secretary: E. R. HACK, C.ENG., M.LE.R.E.
7 Frampton Avenue, Leicester.

South Midland
Chairman: Squadron-Leader J. EDWARDS, C.ENG., M.LE.R.E.
Honorary Secretary: D. J. HENMAN, C.ENG., M.LE.R.E.
39 New Barn Lane, Cheltenham, Gloucestershire.

West Midland
Chairman: V. L. C. MITCHELL, C.ENG., M..LE.R.E.

Honorary Secretary: E. L. GARDINER, B.SC., C.ENG., F.LE.R.E.

223 Tettenhall Road, Wolverhampton, Staffordshire.

Merseyside
Chairman: E. G. LAMB, B.SC.(ENG.), C.ENG., M.LE.E., F.LE.R.E.

Honorary Secretary: J. A. HARDCASTLE
82 Acacia Avenue, Blacklow Hall Farm Estate, Huyton,
Liverpool.

North Eastern
Chairman: R. E. Ross, C.ENG., F.LE.R.E.
Honorary Secretary: J. COULSON

47 Cranwell Drive, Woodlands Park, Newcastie-upon-Tyne 3.

North Western
Chairman: A. HARMSWORTH, B.SC.(ENG.), C.ENG., M.LE.E.,
M.LE.R.E.

Honorary Secretary; E. C. DAVIS, C.ENG., M.LE.R.E.
1 Garners Close, Bowdon, Altrincham, Cheshire.

South Western
Chairman: B. A. GARLAND, B.SC., C.ENG., M.LE.R.E., A.INST.P.
Honorary Secretary: W. E. WHEELDON, B.SC., C.ENG.,
M.LE.E., M.LE.R.E.
Department of Electrical Engineering, Bath University of
Technology, Ashiey Down, Bristol 7.

BRITAIN

East Anglian
Chairman: J. G. COTTRELL, C.ENG., F.L.E.R.E.

Honorary Secretary: R. 1. EDGAR, C.ENG., F.ILER.E.,
‘Dingswall’, Tysea Hill, Stapleford Abbotts, Essex.

Southern
Chairman: T. G. CLARK, C.ENG., F.LE.R.E.

Honorary Secretary: C. R. Fox
56 Fellows Road, Farnborough, Hampshire.

Thames Valley

Chairman: C. C. RICHARDSON, B.SC.(ENG.), C.ENG.,
M.LE.E., F.LE.R.E.

Honorary Secretary: F. R. DENNING, C.ENG., M.LE.E.
“‘Hilltrees’, Wood Lane, Sonning Common, Reading,
Berkshire.

Yorkshire
Chairman: D. SHAW, B.SC., C.ENG., F.LE.R.E.

Honorary Secretary: F. BARGH
50 Victoria Close, Horsforth, Leeds, Yorkshire.

Scottish
Chairman: P. M. ELLIOTT, C.ENG., M.LE.R.E.

Honorary Secretary: D. DICK, D.I.C., C.ENG., M.LE.E.,
M.LE.R.E.
Napier College of Science and Technology,
Colinton Road, Edinburgh.

South Wales
Chairman: C. C. EVANS, M.sC., C.ENG., M.LE.R.E.
Honorary Secretary: 1. D. DODD, B.SC., C.ENG., M.LE.R.E.

Glamorgan College of Technology, Treforest, Glamorgan.

Northern Ireland
Chairman: J. D. MCEWAN, B.sC., C.ENG., M.LE.R.E.

Honorary Secretary: J. T. ATTRIDGE, C.ENG., M.LE.R.E,
33 Kilmakee Park, Belfast, BT5 7QY.

OVERSEAS

Canadian Division

Chairman: Professor A. D. BooTH, D.SC., PH.D., C.ENG., F.L.E.R.E.

Administrative Secretary: Mrs. M. PETERSON
Room 300, Burnside Building, 151 Slater Street,
Ottawa 4, Ontario.

New Zealand Advisory Council
Chairman: Professor L. KAY, B.SC., PH.D., C.ENG., F.LE.R.E.
Honorary Secretary: Mrs. E. M. KEATING

Department of Electrical Engineering, University of Canterbury,

Private Bag, Christchurch.

South African Section
Chairman: A. W. R. WooDSs, C.ENG., M.LE.R.E.

Secretary: R. S. MYERS
310/313 Alris Buildings, 3rd Floor, 3 Rissik Street South,
Johannesburg.

Indian Division
Chairman: Professor J. N. BHAR, D.sC., C.ENG., F.LE.R.E.
Administrative Secretary: Miss BELLA TATA
7 Nandidurg Road, Bangalore 6.
Karachi Section
Chairman: S. A. Aziz, B.sC., M.SC., C.ENG., F.L.E.R.E.

Honorary Secretary: 1. A. ANSARI, M.SC., C.ENG., M.LE.R.E.

Technical Training School, Radio Pakistan,
Block 74, Pakistan Secretariat, Karachi, Pakistan.

Lahore Section

Honorary Secretary: MUHAMMAD KAREEM, C.ENG., M.LE.R.E.

Bungalow 266b, Victoria Road, Lahore, Pakistan.

Israeli Section
Chairman: R. DANOR, C.ENG., F.LE.R.E.

Honorary Secretary: Lieutenant Colonel E. M. SNIR, C.ENG.,

M.LE.R.E.
15 Koloshey Kahir Street, Neot Rachel, Holon.

French Section
Chairman: M. MARTINOFF, C.ENG., M.LLE.R.E.

Honorary Secretary: J. C. LOUFTE, C.ENG., M.LE.R.E.
73 Rue des Plantes, Paris 14¢.



