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BICC 

R.F. 
SUB- MINIATURE 

COAXIAL 
CABLES 

for 

miniaturized 

electronic 

equipment 

These extremely small 
coaxial radio frequency cables 
offer great savings in size and 
weight. Overall diameters are, 
for instance, less than 0.1 inch. 
The cables are of particular 

interest to designers of minia-
turized electronic equipment, 
both ground and airborne. 
Technical information is 

available on request. 

BRITISH INSULATED CALLENDER'S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.I 
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of exhibitors 
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425 Duality and Tunnel Diodes —Pt. 4 by P. J. Langlois, M.Sc. 

This final part of the article discusses d.c. bias conditions and goes 

on to explain the action of tunnel-diode ring counters. It concludes 

with a description of a double-inductance multivibrator operating 

as a binary counter. 

441 Thermoelectric and Thermomagnetic Cooling Pt. I 
by H. J. Goldsmid, B.Sc., Ph. D 

Although the Peltier effect has been known a long time, it is only 

recently that materials have been developed which have enabled it 

to be of practical use. The article discusses the requirements and 

considers the possibilities of another effect—the little-known 

Ettingshausen effect. 

FEATURES 

406 Binary-Decimal Conversion 

411 Industrial Application of 
Microwave Power 

415 Weather Forecasting by 
Unattended Telemetry 
System 

423 Automatic Measuring Stop 
for a Hot Saw 

424 Electronic Car Perfor-
mance Tester 

430 Solid State Totalizer 

Next Month 

431 • Spectocom ' Head-up 
Display 

432 Equipment Review 

440 Automatic Noise Spectrum 
Analyser 

445 Electrolytic Marking 

446 Industrial News 

449 New Books 

450 Manufacturers' Literature 

59 Classified Advertisements 

60 Index to Advertisers 

The use and applications of storage cathode-ray tubes in instru-
mentation will be described in the June issue. Other articles will 
deal with the electronic control of register in a flying-splice 
printing machine and with the Radio and Electronic Component 
Show. 

MAY 1963 

OUR COVER 

The picture shows a ship's propeller being machined 
at the Greenwich works of Stone Manganese Marine 
Ltd. The machine has been designed and built by 
Craven Brotheis (Manchester) Ltd. in collaboration 
with A.E.I. Electronic Apparatus Division and is 
controlled by following the contours of a small 
model of the propeller. 

TO SAVE YOUR TIME 

We will assist you to obtain 
further information on any products 
or processes described or advertised 
in this issue. Just use the enquiry 
cards to be found in the front and 
back of the journal. 

C) Iliffe Electrical Publications Ltd.. 1963 

Permission in writing front the Editor must first be obtained before letterpress or illustrations are reproduced from this journal. Brief abstracts 
or comments are allowed provided acknowledgment to the journal is giver.. 
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STAND 

PAINTON 

at the 
Exemplified in 
159 SERIES CONNECTORS 
• 7 way to 31 way 

• new space saving configuration 

o new metal case with bonded plastic protection 

• robust construction 

As a result of the years of experience gained 

in the production of our world-famous 

Multicon range, a remarkably high standard 

of electrical performance has been designed 

into this new series. 

224 
R.E.C.M.F EXHIBITION 

Painton 
& CO LIMITED 

KINGSTHORPE . NORTHAMPTON 
Tel: 34251 ( 10 hhes) Gram;. Ca Northampton Telex: 31516 

Industrial Electronics Slav 1963 
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WEIGHT of VY 16 

CAPACITY 

per cubic inch 

VITRAMON 
high reliability 
micro-miniature 
capacitors 

Actual size 

porcelain 
monolithic body 
high stability 
low loss 
axial- radial leads 

VITRAMON"— world famous name in capacitors— now pro-

duce these essential components in their new factory at 

Harmondsworth. A unique manufacturing process; rigid 

production control and testing; the use of high quality 

materials ensure the high degree of reliability guaranteed 

by " VITRAMON" Capacitors. 

CAPACITANCE RANGE 1-4,700 pf 

TEMPERATURE RANGE —55°C to -I-125°C 

CHANGE IN CAPACITY 

ovei temperature range 2% 

PREDICTABLE within 5 OPim 

STABILITY 0.05% 

VOLTAGE COEFFICIENT nil 

PROOF VOLTAGE 10 seconds 

500 volts rating 2000 volts 

300 volts rating 1200 volts 

POWER FACTOR 

20°C 0.0006 

125°C 0.0010 

INSULATION RESISTANCE 

20°C 100,000 megohms 

125°C 10,000 megohms 

232 gm 

.06 pf 

RELIABILITY After testing at 150% of rated voltage for 

2000 hours at 125°C. power factor is . 003 

maximum and insulation resistance 10,000 

megohms (measured at 125°C) for all parts. 

7-

For further details please write to 

C) Vitramon Laborator es Limited 1963 

MC& P V2 

2 

"VITRAMON""VY" and "VK" are trademarks which are the property of Vltramon, Incorporated, 
Monroe, Connecticut, U.S.A. Products included in this advertisement are made by Vitramon Labora-
tories L mited in accordance with the so, _ It.. ,tandards of the trademark owner. 

Actual slze 

.,eramic 
high capacity/volume 
precision case 
radial leads 
extreme reliability 

CAPACITANCE RANGE 

TEMPERATURE RANGE 

CHANGE IN CAPACITY 

over temperature range 

PREDICTABLE within 

STABILITY 

VOLTAGE COEFFICIENT 

PROOF VOLTAGE 

10 seconds 

200 v.Ats rating 

POWER FACTOR 

INSULATION RESISTANCE 

20°C 

125°C 

WEIGHT 

CAPACITY 

per cubic inch 

RELIABILITY 

10-10,000 pf 

—55°C to +125°C 

30% 

5% 

approx. 5% 

—0.1% per volt 

800 volts 

100,000 megohms 

1,000 megohms 

0.5 gm 

After testing at 200% of rated voltage for 

1000 hours at 150°C, power factor is .025 

maximum and insulation resistance 1000 

megohms (measured at 125°C) for all parts. 

VITRAMON LABORATORIES LTD. 
45 Holloway Lane, Harrnondsworth, Middlesex. Telephone, Skyport 1829 

Export Enquiries: Doge Corporation, 219 East 44 Street, New York 17, N.Y. 

Industrial Electronics May 1963 
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SILICONE RESIN-BONDED GLASSCLOTH LAMINATES offer: 

E excellent dielectric properties over a wide frequency range 

E low water absorption 

E high arc resistance 

E operation up to 250°C. 

Available in a wide variety of shapes, the applications of silicone-glass 
laminates include: printed circuits, coil formers, and supporting 

or separating materials in all types of electrical equipment. 

 TAN  A TAN A 

CC 
o 

0.050 U 
< 

0 030 Z 
< 

W 
o•oio e — 

o 0.000 o. 
10' lo 10-' 10. KO 10. 10' 10. 

FREQUENCY c s 

For a guide to the properties and applications of silicone-glass 
laminates and a list of manufacturers please write for our booklet L18. 

(MS) MIDLAND SILICONES LTD first in British Silicones 
(Associated with Albright & Wilson Ltd and Dow Corn.ng Corporation) 

SEE how MS Silicones are used 

in Electronics 

Stand 312, RECMF, 21st- 24th May 

68 Knightsbridge, London, SW1 Tel: Knightsbridge 7801 
Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester. Agents in many countries 

\ 
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11/ÏWALL MOULDED PRECISTOR® 
This new series of moulded precision 
wife-wound resistors has been de-
signed to meet the requirements of 
Bratish and N.A.T.O. Defence speci-
fications and are fully sealed to 
withstand extreme climatic and 
humidity conditions. 

They can be seen in action at our 
" On Test" exhibit on STAND 204 at 
the R.E.C.M.F. Exhibition at Olympia. 
Please send for an illustrated leaflet 
(Publication No. 388) for full details of 
these new components. 

WATTS 

DIMENSIONS 

Length Diameter 
Inches Inches 

0.10 0-437 0.218 
0.15 0.500 O•250 
0.20 0-900 0250 
0/5 0-500 0•350 
0-50 0.787 0.350 
1 0-100 0.475 
2 1 662 0.475 
2 2.162 0975 

TOLERANCE 
AS CLOSE AS 0 01", 

TEMPERATURE CO-EFFICIENT 
DOWN TO 5 p.p.m C 

TEMPERATURE RANGE 
65 C to 140 C 

STABILITY 
BETTER THAN 0 03' „ 

VALUES 
512 to 10:Mil 

iteetraMermal 

ENGINEERING LTD 
LONDON E.7 

GRA n gewooci 

9911 

R.E.C.M.F. 
STAND 

204 

See them at work on our stand 
Industrial Electronics .Way 1963 
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Encapsulation 
for the million 
NOW INTRODUCED TO EUROPE—E-Pak, a high speed encapsulation 
system for eiectrical components, is simple, speedy, economical and efficient. 
No mixing or handling of the Araldite resin is necessary. The system involves no outlay 
on plant. Completed components are of uniform size and shape—without the use of 
moulds or other equipment. 
E-Pak lowers production costs and gives very high rates of output. 
E-Pak was developed in the USA by Joseph Waldman Sens, Epoxy Resin Divisivn, and the :.;ystem is 
operated under licence in the United Kingdom by CIBA (A.R.L.) Ltd. 
If you would like to know more about E-Pak, please fill in and despatch this coupon. 

MI » MINIMUM MI VIII III 111111 

E-Pak 
ARALCAITE IS A REGISTERED TRADE MARK 

May we welcome you to 

STAND 253 R.E.C.M.F. Exhibition 

Industrial Electronics May 1963 

NAME 

COMPANY 

ADDRESS 

Araldite ,{ To CIBA (A.R.L.) Duzford, Cambridge. Tel: Sawston 2121 

epoxy resins I Please send me information on E-Pak 

MMMMMMMMMMMMM IM 
AI' 765 

5 
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DEPENDABLE Delaneo 
COPPER CLAD LAMINATES 

the afw material 

for 

The material with the plus characteristics 

For applications where ministry speci-
fications and others demand a material 
with characteristics far above the 
commercial range of copper clad lami-
nates for printed circuitry, Delanco 
epoxy-glass base, and Teflon base, the 
materials with the "Plus" character-
istics will fill the need. Demand for 

Reproduced by kind 
permission of Ferranti Ltd. 

Circuitry by Tectonic 
Industrial Printers Ltd. 

this material is growing, but produc-
tion is keeping in step, and most 
requirements can be executed ex stock, 
and price is competitive. It will pay 
you to investigate our claims, so send 
for sample, with grade details and test 
report. Both single and double sided 
are available. In sheet, or cut panels. 

WRITE NOW FOR DELANCO TECHNICAL BULLETIN OF 

Delaneo COPPER CLAD LAMINATES 
ANGLO -AMERICAN VULCANIZED FIBRE CO. LTD • Cayton Works • Bath Street • London • E.C.1 

CLE 8484 • Grams PROMPSERV CENT, LONDON • Delanco Works • Leonard Street • London • E.C.2 

Industrial Electronics May 1963 
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Vibre X quick- action fasteners 

have hundreds of uses in every industry 

VIBREX fastener is assembled 

through hole in panel . . . 

... inserted in hole in base . . . 

. . . a half-turn of the head 

locks or unlocks instantly . . . 

SIMPLICITY: 

only two holes to drill—no tapping, brazing, welding or rivetting. 

e 
rA 

ADAPTABILITY: 

standard VIBREX fasteners are available to accommodate any combi-
nation of panel and base thickness up to t". Greater thicknesses to 
special order. 

ncyt ele. Vi41 

CHOICE OF TYPES: 

as well as the standard type ( a), VIBREX fasteners can be supplied 
with rubber cushions (b) giving electrical and mechanical insulation. In 
certain sizes, either type is available with wing head (c) instead of the 
standard slot head. 

Vibrex quick-action panel fasteners by 

SILENTBLOC 
Andre Rubber Co. Ltd. is another Silentbloc Company 

Industrial Electronics May 1963 

SILENTBLOC LTD 
MANOR ROYAL • CRAWLEY • SUSSEX 
Telephone: Crawley 27733 Telegrams: Silentbloc Crawley 

Silentbloc products are also manufactured by Silentbloc (Australia) Pty. Ltd., Melbourne 
Broadway S207 

7 
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DIGITAL VOLTMETERS 

HAVE THESE ADVANTAGES 

Constant percentage accuracy of reading over 

the entire voltage range - not just at full scale! 

Successive approximation techniques using 

solid state switching to give greater reading 

speeds(50 per second) and improved reliability. 

An input impedance greater than 1000 M u on 

the most sensitive ranges ensures accuracy of 

reading and permits capacitance transfer 

techniques for high common mode rejection. 

Automatic resolution control and a.c. filtering 

facilitates use on noisy inputs. 

Decimal or binary-coded-decimal print-out 

signals for use with the Solartron High Speed 

Printer. 

Oven controlled Weston standard cell and 

sampling resistors to maintain high accuracy. 

Co- planar projection displays free from flicker. 

New plug-in modular concept gives greater 

accessibility. 

3 DIGIT LM 901 

Accuracy: ± 0.25% of full-scale. 

Range ( f.s.): 0.999 V-99.9 V in 3 ranges. 

Max. Resolution: lmV. 

4 DIGIT LM 902.2 

Accuracy: + 0.07% of full-scale or + 1 bit. 

Range ( f.s.): 0.1599 - 1599 V in 5 ranges. 

Max. Resolution: 100p.V. 

5 DIGIT LM 1010.2 

Accuracy: ± 0.02% of reading ± 1 bit. 

Range ( f.s.): 0.15998 - 1599.9 V in 5 ranges. 

Max. Resolution: 20:1V. 

6 DIGIT LM 904 

Accuracy: ± 0.01% of reading 

or 0.003% of range. 

Range ( f.$): 2.99980 - 2999.80V in 4 ranges. 

(Input limited to 1.5kV). 

Max. Resolution: 50p.V. 

For full details write to: 

THE SOLARTRON ELECTRONIC 

GROUP LTD. (Instrument Division) 

Victoria Road, Farnborough, Hants. 

Telephone: Farnborough ( Hants) 3000 

Telex 8545 Solartron Fnbro. 

Cables: Solartron, Farnborough. 

M & P 5141 

Industrial Electronics May 1963 9 
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underwater sound 

* Lead Zinnia." is the most advanced mat-

erial available today for all piezoelectric transducer 

application. Compare these figures for example: 

Barium 

Titanate 
PZY 

*seed Coupling Kr, 0.35 0.56 

Plater'aerie Charge Coerneuent d 33 200 . t0-,2 330 

Alba. Operating Temperature C 85 300 

BRUSH CRYSTAL ARE THE LEADING MANUFACTURERS 
OF PIEZOELECTRIC CERAMIC MATERIALS IN EUROPE 

THERE'S 
SCOPE 

FOR 

FOR ALL SONAR TYPE APPLICATIONS RANGING FROM 

SMALL BOAT ECHO SOUNDERS TO HIGH POWER MULTI-

ELEMENT ARRAYS 

dka, 

THE MOST EFFICIENT ELEMENT FOR 

CLEANING APPLICATIONS, FLAW DE-

* TECTION, DRILLING AND CUTTING AND 

ALL ULTRASONIC TRANSMISSION AND 

RECEPTION REQUIREMENTS. 

FOR HIGHLY SPECIALISED SURGICAL TECHNIQUES 

THE MOST SENSITIVE MATERIAL FOR PRESSURE GAUGES 

ACCELEROMETER AND VIBRATION DETECTORS 

FOR ACCOUSTIC ELEMENTS 

BOTH GRAMOPHONE AND 

MICROPHONE APPLICA-

TIONS, SPECIAL FERRO-

ELECTRIC TECHNIQUES 

AND HIGHLY STABLE 

PIEZOELECTRIC FILTERS. 

PIEZO-ELECTRIF 
CERAMICS 

[RUSH CRYSTA H CERAMIC DIVISION 

  CRYSTAL CO. LTO., MYTHE. SOUTHAMPTON TELEPHONE: MYTHE 3031 

BRUS 

TEL EGRAUS:   

)t) Industrial Electronics May 1963 
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I 

"Here's a really lively character 

• ee 

••••••• 

THE NEW 
HARWIN 

12 Character 
INDICATOR 

UNIT 

says Mini Tronic 

• 
• 

• ••  • ee 
'see 

•••••••••• 

, Lighter.. Smaller.. 

• 

The new HARWIN Indicator Unit is 

a marvel in miniature equipment: 

Only 2-H" long • 1 wide and 1*,,'" deep, 

(excluding plug pins), it is fitted with 

a plug base and mounting socket for 

instant interchange without tools, and 

it uses bulbs of 28, 12 or 6 volts. 

Although its glass window is only 

1" • 1", it gives a brighter display and 

maximum clarity and visibility. Like 

all HARWIN miniature electronic 

components it's a precision 

made instrument, backed by the 

HARWIN speed of service. 

Send for illustrated leaflet. 

. Brighter 

• • • • • • • • • • • • • • • • • 

Great for miniature electronic components 
HARWIN ENGINEERS LTD. 

RODNEY ROAD 

PORTSMOUTH, HANTS. 

Tel: Portsmouth 35555 (4 lines) 



or tort her information circle 213 on Service Card 

Transfer Function Computer SA100 with Modulator/ 

Demodulator SA400 measuring the transfer function 

of a carrier-type velocity servo-system in the Develop-

ment Laboratories of Vactric Control Equipment Ltd. 

Close up of coefficient potentiometers showing 

n- line read-out of numerator and denominator terms 

.4e4e400 
.4.0041 età 
e- 1; 

Control system analysis made easy 
SA100 MEASURES TRANSFER FUNCTIONS DIRECTLY 

COEFFICIENTS DETERMINED 
IMMEDIATELY 

the Wayne Kerr Transfer Function Com-
puter measures the transfer functions of 
electrical, mechanical or chemical control 
systems directly in the form: 

Response 
•() Excitation P — 

bo bi p b2p2 b3P3 -I- b4P4 
(ao t alp a2p2 • a3p3-i-a4134)(co I-cip+c2P2) 

where all the coefficients, a, b and c, are 
read from calibrated potentiometers. 
It is no longer necessary to make many 
tedious measurements of phase and gain 
followed by involved mathematical calcu-
lations. It is no longer necessary to draw 
Nyquist plots or Bode diagrams or become 
lost in the Laplace transform. In a matter of 
minutes the complete characteristics of a 
system are given in a form which can he Used 
at once to determine the damping factors and 
resonance frequencies. 

NOISY AND NON-LINEAR SYSTEMS 

Analysers based on phase/ gain measure-
ments are unable to distinguish between 
noise and true non-linearity in a system. 
The Computer, since it uses the derivatives 
of the response and excitation, does not 
lose accuracy when measuring this very 
common type of system. A significant 
measure of noise rejection is possible by 
visual interpolation of the e.r.t. display. 
Non-linearity is shown clearly on the 
Lissajous figure but does not interfere with 
the measurement of the transfer function. 
The type of non-linearity can often be 
deduced from the display. Gross non-
linearity can be measured using the small 
perturbation technique. 

FREQUENCY RANGE AND ACCURACY 

Standard Model: 0.015 c, s to 500 cis 
Additional Models: 0.0015 c/s to 50 c/s 

0. 1.5 c/s to 5000 c/s 

Accuracy: ao, al, az, bo, b1, bz ± I per cent 
ai, a4, ci, C. b3, 134 ± 5 per cent 

A.C. AND D.C. Sys-I-Ems 

D.C. systems can be connected directly to 
the ' Excitation ' and ' Response ' leads of 
the Computer. For a.c. systems the excita-
tion must be superimposed on a carrier, and 
the response signal detected before being 
passed back to the Computer. Both these 
operations are performed by the Modulator/ 
Demodulator SA400. The standard version 
of this unit can be switched to suit carrier 
frequencies of 50, 60, 1200, 1600 or 
2400 c/s. 

TRANSIENT RESPONSE AND 
FUNCTION GENERATOR 

In addition to measuring transfer func-
tions, the Computer car* be used to display 
the transient response of a system to various 
types of excitation. Both the Excitation and 
Response signals can be viewed indepen-
dently and, since the time-base of the 
monitor unit is derived from the same 
generator as the excitation, the pattern is 
completely jitter-free. Positive and negative 
responses are displayed simultaneously, 
giving the overall response of the system. 
Functions available are SINUSOIDAL, STEP, 
RAMP, PARABOLIC and IMPULSE. 

ENSURES RAPID PRODUCTION 
TESTING 

The Computer greatly simplifies the prob-
lem of production testing of servo systems. 
The Design Engineer can now quote the 
transfer function as the overall specification 
of the system. During servo-system manu-

TRANSFER FUNCTION COMPUTER 

DRIVING 

SIGNAL 

g(p) 

h(p) 
EXCITAT'ON 

12 

SYSTEM UNDER TEST 

facture the Computer can be used in 
reverse '—the correct transfer function being 
set up on the Computer and the servo 
adjusted on the assembly line to meet the 
specification. 

BASIC METHOD 

The Computer is in effect composed of a 
function generator, two derivative chains 
and a monitoring unit, as shown below. 
One derivative chain is adjusted to be equal 
to the denominator of the system and the 
other to the numerator. The coefficients are 
read directly from the calibrated front-panel 
potentiometers. 

Please write or telephone for the 24-page 
booklet describing this system or ask for a 
demonstration. 

WAYNE KERR 
The Wayne Kerr Laboratories 
Limited 
New Malden, Surrey, England 
Telephone Malden 2202 

Wayne Kerr Corporation 
1633 Race Street, 
Philadelphia, 3, Pa, USA 
Telephone LOcust 8-6820 

'ReWK38 
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Resistors are no problem - 
if you're a HARVIIN customer 
Says Mini Tronic 

PRECISION 

WIRE WOUND 

RESISTORS 

Resistance Range 
1 Ohm to 30 megohms 

Tolerance Range 
1', to t).015 

Temperature Coeffi-
cient better than 24 
parts per million. 

HARWIN have a really fine range of precision wirewound 
resistors with wire or lug terminations, low temperature coeffi-

cient, in either normal, encapsulated or hermetically sealed 
styles. Harwin Engineers' service is unsurpassed, better get 

in touch with them right away, for a firm price, and reliable 

delivery or details of our full range. 

HARWIN ENGINEERS LTD • RODNEY ROAD • PORTSMOUTH 

HAMPSHIRE • TELEPHONE: PORTSMOUTH 35555 (4 lines) 

GREAT FOR MINIATURE ELECTRON 

Industrial Electronics Alay 1963 
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Processed 
Two Elliott computers—the 503 and the 803. Price range: £20,000 to £200,000. Between them, 

they cover the chief scientific and industrial applications.r first, the 503. Built to meet the increas-

ing demand for high speed computers for use in research and development. The 503 has no com-

petitor as a replacement for older/smaller/slower installations. And its low price puts it within reach 

of organisations that now use computing centresliThe National- Elliott 803 is the smaller machine, 

from which the 503 has been developed. With over 120 already delivered, the 803 is far and away 
the most successful British computer.riThe two systems are compatible— programs written for the 

803 can be used on the 503. Elliott's provide Autocode, ALGOL 60, and over a hundred library 

programs—and an active users' association provides for exchanges of application programs. If 

you're thinking about a computer, call early on Elliott's who can do much of your thinking for you. 

The Elliott 503 100,000 operations per second. 6192 word mag-

netic core store. 3i microsecond cycle time. Up to 131,072 

word auxiliary core store. input by 8-channel punched paper tape 

at 1,000 characters per second. Typewriter controlled. incorper-

ates time-sharing of peripheral data-transfers. High-speed input 

and output devices include punched card input output, magnetic 

tape and line printer. Control interrupt facilities. 

E  1.107 
computing 
division 

ELLIOTT BROTHERS LONDON) LIMITED 

ELSTREE WAY BOREHAMWOOD HERTFORDSHIRE ELSTREE 2040 

A Member of the Elliott-Automation Group 

hulustrial Electronic. 11a.l. /963 I 5 
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Mallory batteries 
give Jetcal' 
test gear by 
Bryans Aeroquipment 
stable reference and 
measuring voltages 
for cockpit indicator 
calibration. 

J̀ETCAU CHECKS AIRCRAFT WITH MALLORY POWER! 
'Jetcal' test gear by Bryans Aeroquipment Ltd. checks thermocouples in jet aircraft 
without running the engine and without breaking down the assembly. For the reference 
and measuring sources, Mallory batteries were chosen .. . They have the voltage 
stability for precision calibration work, pack the power for sustained accuracy. And 
they give the same supreme performance under adverse conditions. 

LASTING POWER FOR MODERN APPLICATIONS J̀etcar, with its one 
specially adapted and three standard cells, is typical of important applications 
throughout the aircraft industry that depend for power on Mallory batteries. They 
provide a consistently reliable, compact supply for research work by the Ministry of 
Aviation, for vital equipment by English Electric, Bristol Siddeley, De Havilland, 
Saunders Roe. Mallory's wide range of unique high capacity mercury cells - coupled 
with their proven ability to adapt and combine them into stacks and packs - offers 
designers the freedom to choose exactly the right battery for product requirements. 

Manufacturers are advised to consult Mallory at the design stage so that full benefit 
can be gained from the world's most space saving source of power. Write today 
for details. 

(712tEcri 

MALLORY BATTERIES LIMITED CRAWLEY SUSSEX Crawley 26041 

Export Offices: 33 Duke Street London W1 

MALLORY for new ideas in batteries 
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When your work 
is worthy 

of the world's 
finest instruments... 

Marconi Instruments Type TF 1331 

DUAL-TRACE OSCILLOSCOPE 

* Two identical input channels selected by beam-
switching multivibrator providing chopped or 
alternate-sweep displays. Each channel has 
independent a.c./d.c. coupling sensitivity and 
shift controls. 

* D.C. to 15 Mc/s passband. 

* Rise time: 0.025 µsec. 

* Writing speed: 0.02 µsec/cm. 

* Sensitivity: 50 mV/cm. 

* Direct time and voltage calibration. 

* Comprehensive trigger selection. 

* Price: £390. Available accessories include 
High Impedance Probe, Delay Generator, and 
3 c/s — 100 kc/s Pre-amplifier which increases 
sensitivity to 500 µV/cm. 

Type TF 1330 Series 
OSCILLOSCOPES 

Alternative models of this versatile general-
purpose oscilloscope provide exceptionally 
high measurement accuracy, discrimination 
and resettability, by precision cam-corrected 
time- and voltage-measuring potentiometers 
(type TF 1330/2), or differential input facilities 
(type TF 1330/3). 

Please write for full technical particulars of these and 
other oscilloscopes and pulse generators in the Marconi 
Instruments range. Address your enquiries to Marconi 
Instruments Limited at your nearest office. 

Area Offices: 

English Electric House, Strand, London, W.C.2. Telephone: CO Vent Garden 1234 
40 Whiteladies Road, Bristol 8. Telephone: Bristol 39639 

23/25 Station Square, Harrogate. Telephone: Harrogate 67454 

Head Office—Home and Export Sales: 
St. Albans, Herts., England. Telephone: St. Albans 59292 

Industrial Electronics May 1963 
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MIL SPECIFICATION 
TYPE 

This range, designed 
to MIL-C-3965, 
includes a large 
case size housing up 
to 470 pF. 

-25°C to +125°C 

TANTALUM FOIL? 

•••% 

• 
• 
• 

e • 
• e 
• • 
• • 
• • • 

li 

&le ** 
e . • see 

•• •••• 

•• 

STANTELUM 

Fully Type Approved 
to RCS 134B 

-55°C to +85°C 

Write, 'phone or Telex 

63/1KIC 

18 

MINIATURE TYPE 

Tantalum Foil 
capacitors in the 
smallest and most 
economic form. 

-25oC to +70oC 

SPECIAL QUALITY 
HIGH TEMPERATURE 

TYPE 

Another range of 
Special Quality 
capacitors for 
equipment demanding 
extra reliability. 

-55°C to +125°C 

e 
• 

• • • • 
• • 

•si• 
• • 
• • •- e .••••••• 

11)Mie) 

STC MAKE All Of THESE 

SPECIAL QUALITY 
TYPE 

Manufactured in 
batches under full 
Quality Control 
(with Acceptance 
Sampling tests) to 
ensure exceptional 
reliability. 
-55 oc to 4.85 oc 

HIGH TEMPERATURE 
TYPE 

Specially constructed 
to withstand extreme 
vibration and shock. 

-55°C to +125°C 

Standard Telephones  and Cable..5 Limited 
COMPONENTS GROUP 

CAPACITOR DIVISION BRIXHAM ROAD • PAIGNTON • DEVON • Telex 4251 

LONDON SALES OFFICE: FOOTSCRAY • SIDCUP • KENT • Telephone FOOtscray 3333 
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one resistor range 
meets all your needs 

Electrosil Metal Oxide Film Resistors have a resistance track 

which is fired on to a glass substrate at red heat and is virtually 

impervious.This gives resistors which have much greaterstability 

than others both on the shelf and in the circuit. 

SEMI-PRECISION SIZE GENERAL PURPOSE 

N55 I"„ I/10W 1/4" a 3/37." C-07 1,, S",, ¡W 

11,160 I"„ ¡W 3/8' a 5/32." C120 2".„ 5"„ 1W 

NJ65 1"„ ¡W 9/16" a 13/64" Cj31 2."„ 5"„ IW 

RESISTANCE RANGES HAVE NOW BEEN EXTENDED. WRITE TODAY FOR FULL DETAIL.; 

R.E.C.M.F Electrosil stand 275 

ELECTROSIL LIMITED • COLNBROOK BY-PASS • COLNBROOK • SLOUGH • BUCKS 

TELEPHONE: COLNBROOK 2196, 2996. 

Industrial Electronics May 1963 19 
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AMP 
Fine-Y-IR 
SPLICE 

Ii 
Joins stranded leads to enamel 'd; 
47-37 swg 

AMP technicians have solved the problem of splicing 

extremely small diameter magnet, nichrome or enamelled 

wires to stranded lead- out wires— without the slightest risk 

of breakage! 

They have eiolved the Fine-Y-R splices and a special 

automatic machine which is capable of over 500 completed 

connections per hour. 

Here are some Fine-Y-R features: 

111 Tape mounted splices are applied by an automatic machine 

• Magnet or similar wires of 37-47 swg can be used 

III Machine automatically cleans enamelled wire before crimping 

In Upwards of 500 splices an hour are possible 

• Operation by comparatively unskilled personne' 

• Splices are pre-insulated on one side 

• Connections are electrically stable 

1. No contamination or heat damage 

• No hanclmg problems 

11111 No machine adjustment fo - change of wire size 

Let us tell you more about this new AMP ' Fist. 

Ask for a cotYy of our Fine -Y-R leaflet. 

AMP 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LIMITED 

Head Office: AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON EC1 
Tel: CHA 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX 

SOUTFf AFRICA DISTRIRUTION: E. S. MOWAT & SONS 'PIT, LTD. 51,7 MINE STREET. P.O. 130% 437. DURRAN, NATAL 

ASSOCEATED COMPANIES IN USA., AUSTRALIA. CANADA. HOLLAND, FRANCE. GERMANY. ITALY. JAPAN AND MEXICO 

AP 22A 
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(and a Ferranti welcome") 

RECM 
' Radio & Electronic Component Show 

•  

FERRANT 
First into the Future 

FERRANTI LTD • HOLLINWOOD • LANCS • Tel : FAllsworth 2000 

bufityrial EleetrimieN Ilay 1963 

OLYMPIA LONDON 

21-24 MA Y 1963 

Silicon Semiconductor Devices • Solid State Circuits 
Industrial Cathode Ray Tubes • Ceramic to Metal Seals 
High Vacuum Equipment • Industrial and Special Pur-
pose Valves • Subminiature Transformers and Chokes 
Precision Potent.ometers • Logical Circuit Elements 
- .R. Cells anc Duplexers • Microwave Ferrite Com-
ponents Thermionic Rectifiers and Inverse Diodes 
Low Force Connectors • Edge Connectors for Printed 
Circuit Boards 

London Office : KERN HOUSE 36 KINGSWAY W.C.2. Tel : TEMp e Bar 6666 

FG. 39612 

21 



For further information circle 222 on Service Card 

TYPE 

L310/1 
ELECTROLYTIC 

High performance and price economy are outstanding 
features of this new range of plastic-cased electrolytic 
capacitors, admirably suited to printed circuit assembly. 
On horizontal boards the positioning of the rivet head and the 
provision of channels moulded into the case allow the terminations 
to be brought out naturally to fixed centres. On vertical boards the 
anode or cathode termination can be brought down the side of the 
capacitor case to finish diametrically opposite the other terminal. 
The insulating case needs no additional sleeve: 
and the etched foil construction retains the 
excellent performance characteristics of Hunts 

CAPACITORS ranges in conventional housings. 

DC 
Worging 

Volt:, 

Surge 
Volts 

1.F List No. 

. . 
.— 
.. 1

 <<<<
moucl<<<c0000<<<awoo<<c0000<<<mucio 

1
 

C. 
 

6 7.5 10 PW101 
6 7.5 25 PW102 
6 7.5 50 PW103 
6 7.5 100 PW104 
6 7.5 250 PW105 
6 7.5 500 PW106 
6 7.5 750 PW107 
6 7.5 1000 PW108 

12 15 10 PW109 
12 15 25 PW110 
12 15 50 PW111 
12 15 100 PW112 
12 15 250 PW113 
12 15 350 PW114 
12 15 500 PW115 
25 30 5 PW116 
25 30 12 PW117 
25 30 25 PW118 
25 30 50 PW119 
25 30 100 PW120 
25 30 200 PW121 
25 30 350 PW122 
50 60 5 PW123 
50 60 10 PW124 
50 60 25 PW125 
50 60 50 PW126 
50 60 100 PW127 
50 60 200 PW128 

150 200 1 PW129 
150 200 2 PW130 
150 200 4 PW131 
150 200 8 PW132 
150 200 16 PW133 
150 200 25 PW134 
150 200 50 PW135 

PLASTIC \ 
CASED 

\ FIXING CENTRES FOR 

PRINTED CIRCUITS 

Case 
Ref. 

Length 
ins. mm, 

Diameter 
ins. mm. 

Horizontal 
ins. mm. 

Vertical 
ins. mm. 

0.35 9 

0.40 10 

0.50 12.7 

0.60 15.2 

A 

B 

C 

D 

16 20•6 
1-ili 27.0 

111,-, 36.5 

1-1-1 43.0 

44 10.3 

4 12.7 

4 16.0 

4, 19.0 

0.9 23.0 

1.1 28.0 

1.4 35.5 

1.7 43.0 

For hor .zontal mounting prefix list number by PWH. For vertical mounting 
prefix list number by PWV ( on anode) or PWK ( on cathode). 

A • H • HUNT (Capacitors) LTD. 
WANDSWORTH • LONDON • S•W•18 • VANDYKE 6454 
Factories also in Essex, Surrey, Sussex and North Wales 

Industrial Electronics Ala.y (,e 
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SPECIFY RELIABILITY WITH 

Ruçged, sub-miniature 

all- glass construction 

Low leakage 

Operation up to 90 C 

Actual sir. 

I HUGHES INTERNATIONAL ( U.K.) LTD. I 

Germanium General Purpose and Computer Diodes 

• High forward 
conductance 

• Mar. Average powe• 
aissipation-80mW 

• Nominal 
capacitance-
02F —10V 

• Eiatremely high 
forward 
conductance 

• Mac stored charge 
350pC a 10mA 

• Nominal 
capacitance-
0.4pF (r/ —10V 

• Mar. average 
dower dissipation 
30mW 

• High forwarc 
conductance 

• Typical stored 
charge ({/ 10mA— 
HO 1810 ... 125 pC 
HD 1840/1.. 110 PC 
HO 1870/1 .. 68 PC 

• Nominal 
Capacitance 

.a 1V 

HG 10 

HG 50 

H018 

POINT-CONTACT GENERAL PURPOSE DIODES 

CV448 

CV7041 

CV7130 

Troe P.I.V. 

ax. . . or n. orwar ax. everse 
Mean Forward Current a IV Current vi 
Current —50V 
(mA a 25°C) (mA) (mA (1/ 25°C) 

HG1005 
HG1008 
HG1012 

100 
100 
75 

45 5 50 
45 5 100 
45 5 100 

GOLD-BONDED COMPUTER DIODES 

CV7076 

CV7127 

CV7128 

Tine 
Mir. 
Breakdown 
Voltage 

Max. D.C. or Max. Forward 
Mean Forward Voltage 
Current 
(mA a 25°C) 100mA) 

Max. Reverse 
Current «1 
25°C 
(mA .1 V) 

H G5003 
HG5004 
HG5008 

100 
70 
40 

100 
100 
100 

0.8 
0-8 
0.8 

25 —50 
25 —50 
25 —30 

FAST RECOVERY COMUTER DIODES 

CV 

Approval 

Pending 

Type 
Max Forward Voltage 

e 10mA al 100mA 

Max. Reverse 
Current w —10V 

(25 °C) 

HD1810 
HD1840 
I-01841 
I-' 01870 
N01871 

50 
30 
20 
15 
10 

0-45 
0-45 
0.45 
0.42 
0.42 

0-75 
0.70 
0.70 
0.70 
0.70 

5eA 
10gA 
20‘.A 
15e/A 

20mA ( e —5v) 

Write now for complete data on the 
full range of Hughes semi-conductor 
products, which also includes:— 
Silicon General Purpose and Computer Diodes 
Silicon Power Diodes and Rectifiers 
Voltage Reference Devices 
High Voltage Cartridge Rectifiers 
Voltage Variable Capacitors — or ask for a Sales Engineer to call 
PNP and NPN Silicon Transistors 

I HUGHES INTERNATIONAL ( U.K.) LTD 

KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW. ,AIDDLESE X TEL: HOUNSLOW 5 222 
fl ,T: 8,8 H M 
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SAVBIT 
for factories 

Supplied to factories as 
standard, in 7 lb. or 1 lb. reels 

of 14, 16 and 18 s.w.g., packed 

in easy-to-handle 28 lb. cases. 

SAVBIT 
fine gauges 
Ersin Multicore Savbit al oy 
is also available in 19, 20 and 
22 s.w.g. for fine precision 

soldering. 

SAVBIT 

Approx. No. of feet per lb. 

S.w.g. Ft. 

10 
12 
13 
14 
16 
18 
19 
20 
22 

24 
36 
46.2 
60.8 
96.2 
170 
244 
307 
508 

A soldering bit goes ten times as far .... does ten times as much work 

when it is used only with Ersin Mult.core Savbit Alloy. Replace-

ment of bits can be a heavy, recurring, maintenance cost. The small 

percentage of copoer : n Ersir Multicore Savbit Alloy reduces bit wear 

and prolongs the working life of bits as much as ten times. 

Send for this interesting booklet 

Laboratory engineers and technicians 

invited to write on their Company's 

letterheading fo' the latest edition of 

Modem Solders It contains technical a, 

background information, tables of data 

alloys, gauges and tempera•ures. 

Fran Multicore Savbit Alloy is manufactured under sck 

MULTICORE SOLDERS LIMITED, MULTICORE WORKS, 

HEMEL HEMPSTEAD, HERTS. (BOXMOOR MS) - 

21.t0 
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PROCESS TIMER 
Perfectly adequate for simple repetitive timing 

but hardly a practical proposition for the 

hundreds of timing applications in industry. 

For simple reliable electronic timing 

and sequence switching without 

fuss the answer is 
inexpensive Trigger 

tubes. 

Operating 

directly from 

rectified mains, they require 

no special power supplies, they are 

not affected by severe transient overloads, 

they give visual indication of current flow 

and their characteristics are unchanged by 

temperature fluctuations. Reliable to the 

point of outlasting the useful life of their 

parent equipments, Ericsson Trigger tubes 

meet the most exacting industrial and 
commercial requirements. The simple timing 

circuit illustrated gives for example an 

accuracy of better than 1%. For tube data 

and other timing circuits please 

write to the address below. 

Tube Division 

Technical Services Dept., 
Beeston, Notts. Tel: 254831. 

t470K E•8K 
t- 1•6RC 

18K 

F— E*7.11.--SET 

A 3 10M 

181( 

-Wee I•N 
14 7K cl 

0A211 

E250050 

80AS 

240V'N., 

Io— A3 

o   o 

ERICSSON TELEPHONES LIMITED 

ETELCO LIMITED 

ERICSSON TELEPHONES LIMITED ETELD0 LIMITED Head 011,—, 22 LINCOLN'S INN FIELDS LONDON WC2 Telephone: HOLborn 6936 

ER 53 
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America's best-selling solid tantalum capacitors 

are now MADE IN ENGLAND 

The Kemet J & N Series solid tantalum capacitors, 

in a range from 75 to 6 volts in polar and non-polar 
components, are now made here in England. They 
equal and in many cases exceed the MIL-C-
26655A, and U.K. manufacture give the advantages 

Ire 

of technical liaison and prompt delivery. 

Union Carbide's plant at Aycliffe also produces 
Getters for radio valves and cathode ray tubes. 
These, the only U.K. manufactured Getters, are 

made to an extremely high standard. 

SEE THEM ON STAND 404 (GROUND FLOOR) AT THE R.E.C. SHOW 

UNION 
CARBIDE 

UNION CARBIDE LIMITED, KEMET DIVISION 
AYCLIFFE INDUSTRIAL ESTATE, CO. DURHAM,AYCLIFFE 2180 
HEAD OFFICE: 8 GRAFTON STREET, LONDON, W.I. MAYFAIR 8100 

rn. terms KENIET and UNION CARBIDE are trade marks al UNION CARBIDE CORPORATION 

To: Union Carbide Limited, Kemet Division, Aycliffe Industrial Estate, Co. Durham 

Please send me information about 
Kemet J & N Series Solid Tantalum Capacitors 

Getters 

and these other Kemet products 
100 Volt J-Series Solid Tantalum Capacitors 

P-Series Solid Tantalum Capacitors 

for printed circuits 

Laser and Maser Crystals Liii 
Channel Ring Getters LIlT 
Silicon Monoxide 

Semiconductor Silicon 4 

NAME 

COMPANY 

ADDRESS 

26 
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RIST'S CABLES SERVE MANY INDUSTRIES 

Missiles Automobiles Aircraft and 
Electronics 

RIST'S WIRES & CABLES LTD 
huhAtrial Electronics May, 1963 

frieDee 

0.32i 

Houses and 
Factories 

NEWCASTLE, STAFFS 'NEWCASTLE STAFFS 51221/9 
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COMPONENTS e e sod-
FOR THE E6004 

4 rnm. Socket 
round lace 

EUROPEAN 
MARKET 

Illustrated here are the first examples of a new range of 
components designed to meet the requirements of 
European equipment makers. 

The wander plugs and sockets feature the long contact 
generally favoured in these countries—the fuseholder 
accommodates c x io mm. cartridges. 
These new components will also be of interest to British 
manufacturers of equipment and instrumentation intended 
for export. 

Enquiries for these aml other irons will be welcomed. 

E6002 
Mmoature Terminal E6011 

Panel Fuseholder 

- ee L II 

MINIATURE UNITORS 

L1570 
BridgIng Link 

SMALL—VERSATILE— RELIABLE 

These miniature unnors term part ill a range of 

over a thousand components made for the elec-

tronics industry by Britain's leading manufacturer. 

STAND 31 
28 

\\RelliKau_Le2 
CIRCUIT PROTECTIOff 

MINIATURE CIRCUIT- BREAKERS 

AND CUT-OUTS 

Sealed ilion in sic, to modem re-

quirements, yet handling currents up 

to zoA, these arc the latest additions 

to our range of circuit-breakers and 

cut-outs. 

Thermal and thermal magnetic ver-

sions, with or without auxiliary sig-

nalling contacts; chassis mounting or 

plug-in types; tempi: rature-compensat - 

cd and tropi.ah 

A generod 
D.,P.se screened 
room. rn.enurrng 
8.8.8ft. pro.dr, 
altenuotecn a. 100-e_ 

SCREENING & 
FILTERING SERVIÇE  

These new screened rooms arc of 

modular construction and embody 

the accumulated experience resulting 

from 'many years specialisation in 

interference suprcssion problems. 

From a standard range of panels and 

penetration units a wide variety of 

differ= enclosures can be con-

structed economically, to suit almost 

any requirements in the way of lay-

out and performance. 

el I iKei-Cee" 

The most important requirements tit 
an U.H.F. aerial are— 
High gain, to combat signal attenua-
tion and the greater receiver noise 
at U.H.F. 
Good directional properties, to 
eliminate the potentially larger num-
ber of unwanted reflections. 

DISTRIBUTION 

EQUIPMENT 

BROADBAND 
DOMESTIC 
TV AERIALS 
for the new 
U.H.F. services 

(channels 21-33) 

Itaca spe.:ialusc.1 tor nearly 30 years in 

equipment for distributing broadcast pro-

grammes to isolated communities, blocks of 

flats or complete towns. Our latest equipment 

caters for eleven television and radio pro-

grammes. Come and see it working 

O R.E.C.M.F. 
EXHIBITION 

Repeater Amplifier L4444 

BELLING & LEE LTD 
GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 

Telephone: Enfield 5393 Grams: Radiobel, Enfield 
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Microminiaturization 
with 
THIN FILM CIRCUITS 

STC Thin Film Circuits are a major breakthrough in 
electronics microminiaturization and reliability. They are 
developed and marketed: 

(1) From standard ranges of circuits as, for example: 

al Amplifiers 

• Logic Networks 

111 Trigger Circuits 

• Multivibrators 

▪ Attenuators 

• Capacitors 

• Resistors 

B RC Networks 

(2) As custom-built circuits. Facilities have been estab-
lished to meet specific customer requirements at short 
notice. 

Transistor- Resistor Logic Elements (actual size). 

Wide Band Amplifiers (actual size). 

STC Thin Film Circuits are made by the sequential deposi-
tion of capacitors, transistors, interconnexions and a 
protective layer on to a thin substrate. Special transistors 
and diodes are then affixed and the circuit encapsulated. 
The TFC's are manufactured in a vacuum chamber under 
highly controlled conditions. Full Quality Control and 
Quality Assurance testing is in operation. 
TFC's can be used in conjunction with conventional 

components in standard circuitry, printed circuitry or 
modular techniques such as the STC MINISTAC. 

Write, 'phone or Telex for Data Sheets to STC Capacitor Division, Brixham 
Road, Paignton, Devon or London Sales Office, Footscray, Kent. Telephone 
FOOtscray 3333. Telex 21836. 

UNIQUE 
COUNTING RELAY 

performs multiple 
switching operations 
This versatile component is an electro-magnetic counter 
which features high speed operation and long maintenance-
freG life. It is designed to perform counting, storing and 
switching functions and has been used widely in control 
engineering to solve many complex problems. In most cases 
one cf these new components is used to perform, more 
efficiently and economically, operations previously con-
trolled by several switching devices. 

Brief Specification 
The ZM53 is an electro-magnetic relay with 10 separate armatures 
and associated contacts and with one operate and one release 
wincing. It is available with either 24 V d.c. or 60 V d.c. windings. 
The contacts will switch 20 W and carry a maximum current of 
1 ampere. The counter can be mounted on a relay panel and 
requires the space of two 3 000 Type relays. It has a service life in 
excess of 20 million operations. 

Maxim-um voltage variations (V d.c.) 
Windings (a) Operate resistance ( 12) 

No. turns 
(b) Release resistance ( It) 

No. turns 
Operate current (mA) 
Minimum pulse time ( ms) 
Minimum pulse interval ( ms) 
Minimum release pulse time (ms) 
Dimensions ( inches) 

24 V d.c. 
22-30 
37 
1200 
100 
930 
650 
25 
20 
40 40 

3.3 x 1.57x 2.2 

60 V • .c. 
56-72 
145 
2200 
240 
2460 
324 
20 
20 

Typical Applications 
The ZM53 is especially suitable for darting facilities with storage, 
for indication, rated value adjustment, and coincidence circuits in 
electrical equipments, ranging from entertainment apparatus to 
scientific equipment: Machine and Machine tool control systems 
• Vending machines and juke boxes • Adding and subtracting 
operations and program control • Control and automatic handling 
of assembly line lubrication programs • Production and packing 
machines for counting purposes e Train announcing systems 
(destination, times etc.) • Time storage devices including electrical 
scanning and correction facilities o Very long switching time 
limitations and delays • Pulse transmitters incorporating pulse 
supervision facilities for various control apparatus . Control of 
automatic car washing installations. 

Write, 'phone or Telex for Data Sheets to STC Electromechanical Division, 
West Road, Temple Fields, Harlow, Essex. Telephone Harlow 21341. 
Telex 81184. 

Industrial Electronics May 1963 E /9 CONTINUED OVER/ 



For full her information circle 231 on Service Card 

SILICON PLANAR 
DOUBLE TRANSISTORS PLANAR DIODES 

The range of STC silicon planar double transistors has 
now been increaserl to four devices including both 
matched and unmatched pairs. Each pair is mounted on a 
6-lead header and encapsulated in a TO-5 case, the 
transistors being electrically isolated. 

This is a matched pair of BFY18 silicon planar 
transistors. The common mounting minimizes the tem-
perature difference between the two transistors, making 
the device ideal for use in d.c. amplifiers. 

Brief Data 
fT (VcE = 9 V, lc = 10 mA) 245 Mc/s (Typ) 

Ica° (VcB = 9 V, IE =- 0) 10 nA (Max) 

hFE (lc = 100AA, Vcg = 0) 10 (Min) 

VBE (matched to within) 10 mV 

Pcm (total) 600 mW 

This is similar to the BFY20 but the two transis-
tors are unmatched. It is suitable for use in circuits where 
two v.h.f. amplifiers are required to work in close proximity. 

A pair of silicon epitaxial planar transistors of 
the BSY26, BSY27, 2N708 class for use in v.h.f. switching 
circuits at mean current levels up to 100 mA. 

Brief Data 

fT 

ICB0 

hFE 

VIBE 

PCM 

(VcE = 9 V, lc = 10 mA) 

(VcB =- 9 V, IE = 0) 

(VcE = 2 V, lc = 10 mA) 

(lc = 10 mA, IB 1 mA) 

(total) 

200 Mc/s (Min) 

25 nA (Max) 

25 -120 

0 9 V (Max) 

600 in W 

A pair of silicon epitaxial planar transistors of the 
BSY28, BSY29, 2N743, 2N744 class. This is similar to the 
BSY42 but is intended for use at higher frequencies. 

Brief Data 
tr (VcE = 9 V, lc = 10 mA) 300 Mc/s (Min) 

Ice) (Vas = 9 V, IE = 0) 50 nA (Max) 

hFE (VcE = 2 V, lc = 10 m A) 25 120 
VBE (lc = 10 mA, IB = 1 mA) 085 V (Max) 

PC/A (total) 600 inW 

SILICON EPITAXIAL 

UP TO 60V PIV 

The BAY31, 36, and 49 are new silicon epitaxial planar 
high performance diodes. They are specially designed for 
use in logic circuits working at frequencies of up to 10 Mc/s. 
Exceptional ruggedness and standardized dimensions 
make these diodes eminently suitable for use on printed 
circuit boards. 

LOW COST 

HIGH SPEED 

HIGH FORWARD CONDUCTANCE 

LOW REVERSE LEAKAGE CURRENT 

PLANAR EPITAXIAL CONSTRUCTION 

RUGGED DESIGN 

DO-7 OUTLINE 

CHARACTERISTICS (AT 25 C) 

IR (Max) at 10V 100nA 

V, (Max) at 30mA 1-0V 

(Max) to 1mA 5-Ons 

'OF 10mA, VR, =-- —10 V, RL 100 

1 

Actual Size 

MAX. RATINGS 

VR (mean, peak or transient) 15V (BAY 31) 

VR (mean, peak or transient) 30V (BAY 36) 

VR (mean, peak or transient) 60V (BAY 49) 

IF (mean) 100mA 

(peak) 200mA 

200mW 

T (operating) 100 C 

DIMENSIONS : 

—e—  1 in. 
min. 

25,4 mio 

STC 

0.020 in. 

0,51 mm 

DIA. 

0.3 in. ) 
mm max71 

Write, 'phone or Telex for advance Data Sheet to STC Transistor Division, Footscray, Sidcup, Kent. Telephone FOOtscray 3333. Telex 21836. 
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THERMAL DELAY 
PHOTOELECTRIC CELLS 

These miniature switches in the STC range are mounted on 
a B7G valve base and have a single pair of contacts which 
make after a specified delay, following the application of 
heater voltage. Heaters are made for operation at 6.3, 19 or 
27 volts and the choice of these voltages with delay times 
are shown in the table below. Other combinations of these 
heater voltages and delay times between 10 and 60 seconds 
can be offered where the number of switches involved 
warrants a new type. Extended delays can be obtained by 
cascade connexion of these switches. 

Delay time is not seriously affected by changes of ambient 
temperature over the range- 35°C to + 70°C due to the use 
of a bimetal strip for the stationary as well as for the active 
contact. 

In addition to the obvious use for delaying the application 
of h.t. voltageto valves requiring a preheat time, thermal delay 
switches are also suitable for use as VLF relaxation 
oscillators, for switching 3-phase circuits from star to delta 
arrangement for starting induction motors and for auto-
matically reclosing a circuit breaker after a temporary current 
surge has caused it to trip.These applications are described 
fully in booklet MS/117 which can be obtained from the 
address below. 

ABRIDGED DATA 

Type Delay (seconds) Vh 
at 20 C (V) 

min. max. 
Si 02/1G 44 66 6-3 
S102/1 K 44 66 6-3 
S103/1 K 36 54 27 
S104/1 K 25 35 6.3 
S105/1 K 20 30 27 
S106/1K 44 66 19 
S107/1 K 8 15 6-3 

Contact Rating 

(V d.c.) 
220 
220 
220 
220 
220 
220 
220 

Base 

(V r.m.s.) 
100 B7G/F 
100 B7G 
100 B7G 
100 B7G 
100 B7G 
100 B7G 
100 B7G 

Write, 'phone or Telex for Data Sheets to STC Valve Division, Brixham Road, 
PaignIon, Devon, or London Sales Office, Foolscray, Kent. Telephone 
FOOtscray 3333. Telex 21836. 

STC manufacture two types of Germanium photoelectric 
cells. Designated PG40B and PG50A respectively, these 
two devices have identical spectral characteristics but 
differ in their case sizes and electrical parameters. 

PG40B PG50A ABRIDGED DATA 
Maximum overall dia. 
Average sensitivity 
Maximum bias voltage 
Maximum dissipation 

0.080 in. (1,99 mm) 
30 mA pet lumen 
50 V 
15 mW 

0.218 in. (5,55 mm) 
30 mA per lumen  
100 V 
50 mW 

STC Photoelectric cells are hermetically sealed and are 
mechanically strong for their small size. The PG50A is 
suitable for direct relay operation and the PG40B has been 
developed to allow mass grouping for scanning punched 
card and perforated tapes. 

OPTICAL FILTERS 
Many types of infra red Optical Filter in the 1 0 to 80 micron 
range have been developed by the STC Rectifier Division. 

These absorption and interference filters are ideally 
suited for such applications as the investigation into 
process control in the petrochemical industries and in 
respiratory functions. The diversity of uses covers the 
detection of hydrofluoric acid in pipelines to temperature 
measurement of molten masses. 
A particular advantage of these infra red filters is that 

any gases or material under investigation are unaffected by 
analysis. 

Write, 'phone or Telex for Data Sheets to STC Rectifier Division, Edinburgh 
Way, Harlow, Essex. Telephone Harlow 26811. Telex 81146. 

5randard Telephones and Cables Limited 
COMPONENTS GROUP • FOOTSCRAY • SIDCUP • KENT 
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RELIABLE 

_çe 
Order 
with 
confidence 
from 
our very 
large 
range 

by 

RADIOSF'ARES 

RECTIFIERS 

SELENIUM 
--SILICON 

LOW 8c HIGH 

VOLTAGE 

LOW 8c. MEDIUM 

CURRENT 

Remember — our catalogue lists a vast range 
of other guaranteed components backed by our 

"By-Return" delivery service. 

Radioopares Ltd. 
4-8 MAPLE STREET • LONDON • W.1 • ENGLAND 

Telephone: EUSton 7232 (8 lines) 

TELEGRAMS.- RA DOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON—W1 
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Comment 

Electronic engineers are familiar with the idea of codes. The Morse code is 
the best known, but there are widely-used telegraph and teleprinter codes. 
Data transmission and computers have other codes. These codes are all 
adapted for the transmission of information in electrical form and usually 
groups of pulses represent letters, numbers or other information. 
One thing that all codes have in common is that each code symbol always 

has the same meaning. It is true that sometimes a symbol may have more 
than one meaning, but invariably some additional symbol is used to indicate 
which meaning is intended. This is really equivalent to having separate 
symbols. Except for mistakes, and interference, the code is a precise represen-
tation of an original message and enables it to be reproduced without error. 

Ordinary language is also a form of code, although few realize it. It is a 
code for the communication of thoughts to other people. This verbal code 
has nothing like the precision of the engineer's codes. The meanings of words 
are not so precisely defined as the meanings of code symbols; how can they be 
when they are themselves defined in other words? Language functions, and 
functions very well, because it contains great redundancy. Because of this, 
conciseness of expression is not always best adapted for conveying a precise 
meaning. 

Precision in the use of words is often advocated. Dictionaries and glossaries 
exist to help in this, but are often ten years out of date. Words change their 
meanings with time and new words come into use. In technical language, in 
particular, new terms are invented and used in limited circles, where they 
soon become so familiar that when their users write for a wider audience they 
forget that they are using words meaningless to their readers. A word is 
used with one meaning in one circle and another in a different one. This 
causes serious confusion and ends by everyone having to abandon the word 
altogether; 'flip-flop' is the most notorious of such words. 

Verbal difficulties of this kind are a serious hindrance to communication. 
In order to alleviate the situation we propose from time to time to include 
notes on technical words and phrases in these pages. They will be in these 
Comment pages since as well as saying what the words mean, we think we shall 
often want to express an opinion about them! 

Open Gate 

In the computer field, which should 
surely be a home of logic, an open gate 
is a gate-circuit which does not pass a 
signal. 

Presumably, it is used because an 
open gate is a gate in an open-circuit 
condition and, of course, an open-cir-
cuit does not pass a signal. This is a 
case where abbreviation has resulted in 
a term which most people will interpret 

to mean exactly the opposite of what it 
is intended to mean. 

Enable 

This word is being used in an 
apparently logical manner as the 
opposite of 'disable' but in a manner 
which does not accord with normal 
English usage. As a result, apparently 
meaningless sentences occur. 
No one is likely to be in doubt 
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COMMENT (Continued) about 'The removal of the input disables the 
circuit'. Few people will at once understand 
'The connection of the input enables the 
circuit'. To be intelligible it is necessary to 
add 'to operate' after circuit. 

It so happens that it is normal English 
usage for 'disable' to be used in one way and 
for 'enable' to be used in another. 
However logical and convenient it may be 

to use 'enable' and 'disable' in precisely the 
same way and with opposite meanings, the 
fact remains that it is not the way that these 
words are used in English. To use them 
like this is to hinder communication. 

Fan 
Used mainly in connection with transistor 

logic circuits, this word is spreading into 
more general usage. It is usually employed 
with the suffixes '-in' and '-out'. Fan-out 
means the number of transistor bases which 
can be fed from a transistor collector. 
To say that a stage has a fan-out of five 

means that the collector of the transistor in 
that stage can be connected to the bases of 
five transistors. It is virtually a measure of 
the current output of a transistor, for the 
meaning is clearly that the transistor has 
sufficient output current to provide the base 
currents of up to five other transistors. 

Similarly, a fan-in of five means that up to 
five inputs may be applied to the base of a 
transistor and carries the implication that 
each alone must provide sufficient current to 
operate the transistor. 

Gain 
This simple and widely-used word is not 

as straightforward as it appears. At one 
time the word was not used at all; the ratio 
output/input of a device was called its 
amplification and when necessary it was 
qualified by voltage, current or power. Gain 
came into use about the same time as the 
decibel and there was a definite tendency to 
restrict its use to amplification expressed in 
decibels. One had an amplification of so 
many times and a gain of so many decibels. 

This was a useful distinction but one which 
few people now make, presumably because 
gain is so much shorter to say and write. 
Indeed, B.S. 204 : 1960 no longer gives ampli-
fication at all although the word is still 
current. It defines gain primarily as the 
ratio of output load power to the input 
power. It gives a secondary meaning of the 
ratio of output/input voltages or currents 
under specified conditions of impedance 
termination. 

It is quite clear that in current usage gain 
is basically a dimensionless quantity, the 
ratio output/input, both output and input 
being expressed in the same units. It may 
also be expressed in decibels. 

In the control field, howe‘er. the word 
gain is also being used for the quotient of 
output current by input voltage and we get 
gain measured in amperes per volt. This is 
very confusing. It has the dimensions of 
conductance and as applied to an amplifier 
the ratio is clearly closely analogous to 
mutual conductance or transconductance as 
applied to a valve. 

In our view the proper word to employ 
for the quotient of output current by input 
voltage is transconductance. 

Ratio 
It will be noticed that we hase used the 

expression 'quotient of . . . by . . in-
stead of ' ratio of . . . to . . . '. This is 
because strictly the two quantities involved 
in a ratio must be of the same dimensions. 
In fact, the word is very commonly used 
without this restriction. We ourselves feel 
that it is a little pedantic to use ratio so 
strictly, but we know that if we had used it 
above we should have had several letters of 
protest about it! 

New Theory of Adhesion 
Adhesives are now quite widely used, but 

one must use the right one for the job. 
There is as yet no universal 'glue'. 
A hint that this may be possible comes 

from the Bell Telephone Laboratories, where 
a new theory of adhesion has been worked 
out. It contradicts the de Bruyne adhesion 
rule that strong joints cannot be made 
between polar materials with non-polar 
adhesives. According to the new theory the 
requirement for strong adhesion between two 
pure substances is that one must spread on 
the other. Spreading requires that the 
surface tension of the solid equals or exceeds 
the sum of the surface tension of the liquid 
and of the boundary between the two. It is 
non-reciprocal; if' one spreads on the other, 
the other will not spread on the one. 

Materials like polyethylene have a low 
surface tension, which is why they are diffi-
cult to stick things to. If they themselves 
are used as a glue, however, they will stick 
to other things. For instance, an epoxy 
resin does not stick to polyethylene if cured 
in contact with it; on the other hand, 
polyethylene adheres strongly to cured epoxy 
resin if it is melted on to it. 
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The complex surfaces required in a modern ship's propeller 
are produced by copy- milling using a small-scale master 
made of fibre- glass. This article describes the machine 
employed. 

ELECTRONIC PROFILING 

MACHINE 

By J. PYE* 

T
HE modern marine propeller has, over the years. 
developed from the simple uniform pitch and radial 
section design to the present high efficiency design 

incorporating non-uniform pitch and aerofoil sections. 
More complex designs. incorporating concave and radial 
pitch faces, are becoming more general and concurrent with 
these latter designs have come demands from designers for 
improved manufacturing tolerances. 

By the application of copying techniques. a scale model 
of the blade surface can be employed to control the path 
of a milling cutter over the workpiece and the machining 
operation can be carried out automatically. The surface 

Stone Manganese Marine Ltd. 

form can be held to much greater accuracy than is possible 
%\ith conventional hand methods and the variations from 
one blade to another can be kept to close tolerances. The 
machine shown in the illustrations has been designed and 
built by Craven Brothers ( Manchester) Ltd.. in collaboration 
with A.E.I. Electronic Apparatus Division. to allow shaping 
of the pressure face and to copy- mill the pressure and 
suction faces either by tip-to- root or circumferential milling. 
The propeller casting is mounted on a 12- ft diameter con-
tinuously- rotatable table, supported on a saddle carried by 
the main double-shear bed and having a total traverse of 
10 ft 6 in. An electronically-controlled 20 h.p. d.c. motor 
drives the main saddle via a multi- ratio gearbox and lead 
screw. The linear motion of the main saddle is transmitted 

A 29-ton Heston propeller being machined under the control of the fibre-glass model in the foreground 



via racks and a ratio box to a saddle mounted on an 
auxiliary bed. This latter saddle carries a 5- ft diameter 
table on which the model of the propeller blade is mounted. 
The main 12- ft diameter table and the 5- ft model table 

are driven in unison by an electronically-controlled 20 h.p. 
d.c. motor which !s geared to allow independent rotation 
of either table, enabling the workpiece to be indexed 
relative to the model. 
While the tables are arranged to rotate in step. the linear 

motion of the model table saddle is scaled down from that 
of the main saddle in the ratio of 4. 3 or 2 : 1 by the use 
of appropriate change wheels in the ratio box. This ratio 
is determined by the scale of the model, which may be 
one-quarter. one-third or one-half full-size. 
A relieving tool holder or one of two milling heads may 

he fitted to the nose of the ram, which has a 7-ft stroke. 
In order to facilitate the machining of steeply raked blades. 
the ram housing is arranged to swivel on the slide on which 
it is mounted. This slide has a 9- ft sertical traverse on 
the main column and carries an overhung vertically-
mounted rack engaging a pinion at the top of a small 
auxiliary column. The shaft of this pinion drives via a 
further pinion, a rack attached to a smal slide mounted on 
the auxiliary column. 
A 5-h.p. copying motor, mounted on top of the column, 

drives the main slide. The slide, which is over-balanced by 
1 ton. and its counterbalance, together weigh 22 tons. 
A short adjustable ram is mounted on the auxiliary slide 

and carries, at the nose end, a compound setting slide to 
which the tracer head is attached. 
When the machine is used to plane a true helical face. 

the ram executes a planing motion. The ram is driven by 
a 21 h.p. d.c. motor mounted on top of the ram housing. 
The motor is controlled by a Ward Leonard generator 
whose field current is supplied by two thyratrons, connected 
in inverse parallel, in series with the field winding. The 
thyratrons are controlled by an electronic amplifier which 
compares a pre-set speed s:gnal with :he output of a tacho-
generator coupled to the motor shaft, thus providing closely 
controlled speed regulation. Independent ram feed rate 
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Close-up of a model showing the truong 
stylus in contact with it 

controls for cutting and return strokes are provided on the 
control desk. All the necessary push-button controls for 
the shaping duty are mounted on one of the three pendant 
stations. The length of the stroke is governed by limit 
switches operated by adjustable tappets mounted on a dial 
driven from the ram by a self-synchronizing selsyn link. 
During the ram return stroke a rotary incremental feed is 
applied to the main table. 
The incremental feed, which may be switched in or out 

at the pendant. is regulated by an adjustable planer- type 
feed dial controlling the main table drive the latter is a 
thyratron-controlled Ward Leonard speed regulator of the 
same form as the ram driver. The control circuits ensure 
that the incremental feed is completed before the next 
cutting stroke can occur. 
The whole of one blade surface may, therefore. be 

machined without intervention by the operator, except to 
reset the stroke length at the beginning and end of the 
sequence where only a short stroke is required. 
The more commonly used copying duty is tip-to- root 

milling. The model of the blade surface to he profiled is 
set on the model table in the correct angular relationship 
to the work niece. When the tracer head stylus contacts 
the model, al control of the main slide position is through 
the tracer head and the copying motor. 
Owing to the compound curvature of the blade surface. 

the stylus must have compliance in all axes. To measure 
the direction and amount of the stylus deflection, three 
balanced a.c. inductive bridges are mounted in the head. 
one on each of the three principal axes. Each bridge will 
generate an output voltage whose amplitude and phase 
depend on the amount and direction of deflection resolved 
along the axis of the bridge. 
The two bridges in the horizontal plane are supplied in 

phase and quadrature from a 1.500-cis source and their 
output signals are added together after passing through a 
fixed gain amplifier. The resultant signal represents the 
net deflection in the horizontal plane. It is then rectified 
and remodulated to produce an a.c. signal of the original 
amplitude hut in phase quadrature with the supply to the 
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This photograph shows the rear of the milling 
machine with a propeller on the main table 

remaining bridge. The remodulated signal is added to the 
amplified output of the remaining bridge and then rectified. 
resulting in a d.c. signal whose amplitude is linearly propor-
tional to the absolute deflection of the stylus. This d.c. 
deflection voltage is subtracted from a fixed d.c. bias 
voltage and the net voltage becomes zero when the stylus 
is deflected by an amount known as the index deflection. 

In this condition, there is zero input voltage to the copy-
motor speed regulator and the motor will be stationary. 
If. for any reason, deflection decreases below the index 
value, there will be a net negative input signal to the speed 
regulator, causing the motor to drive the main slide down-
wards until the deflection reaches the index value. 
Similarly, excessive deflection results in a net positive signal 
which will cause the main slide to be driven upwards. 
The tracing system, therefore, attempts always to maintain 
the stylus deflection at the index value. 

Since the rack and pinion coupling between the slides is 
within the position-servo loop of the tracing system, the 
loop gain will vary as the pinion ratio is changed. This is 
compensated for electrically by a model ratio' switch on 
the control desk which controls the tracer head sensitivity. 
The copy motor speed regulator comprises a pre-amplifier 

feeding a hard valve amplifier which supplies the split- field 
Ward Leonard generator. The system is designed for 
40 mini in. main slide speed while tracing, and a total cut-
ting error of + 0-010 in. Should the error at the tracing 
head exceed pre-set limits, the machine will be stopped 
automatically and a lamp on the control desk illuminated. 
The milling cutter traverses a tip-to-root path and a 

rotary incremental feed is applied on the completion of 
each pass. A corresponding linear motion of the work-
piece is repeated by the model due to the drive coupling 
the saddles—enabling a continuous profiling operation to 
be carried out. 

For circumferential milling, the coupled tables are 
reciprocated through a pre-set arc and a linear incremental 
feed is applied to the coupled saddles at both ends of the 
rotary feed motion. The incremental feed may be selected 
to occur at one end only if desired, and in either direction. 
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!t is applied in the same manner as the rotary incremental 
feed, but in this case to the saddle drive which is again a 
thyratron-controlled Ward Leonard system. 

Auxiliary milling and drilling operations may also be 
carried out on the machine. 
The control equipment is housed in totally enclosed 

cubicles. These have access doors at front and rear and 
all the electronic equipment is mounted on swinging frame-
works to facilitate maintenance. 

All the machining sequences are fully interloaed to 
prevent incorrect operation and indication is given or the 
control desk of the direction of machining feed whicn will 
occur at the commencement of shaping or copy milling. 

Since the introduction of the Craven profiling machine 
by Stone Manganese Marine Ltd. at the Greenwich works. 
it has been in continual production on varying types of 
propellers and is giving a satisfactory performance. A 
considerable tonnage of high efficiency heavily loaded 
Admiralty and commercial type propellers has been profiled 
on this machine. The 27-ton 4- bladed 'Queens' propellers 
in Novoston (a copper-manganese-aluminium alloy—U.T.S. 
45 tons , sq in.) were completely protiled using this equip-
nient. Using the latest techniques of carbide tooling, the 
milling operations have been carried out on the various 
types of material used in propeller manufacture and a 
satisfactory profile has been obtained. The rate of stock 
removal is considerably greater than with older procedures 
and greater accuracy has been achieved in the final 
'Surface form. 

INFORMATION WANTED? 

If you require further details of products or pro-
cesses described or advertised in INDUSTRIAL 
ELECTRONICS you will find it convenient to use 

the enquiry cards which will be found in the front 
and back of the journal. 
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LIQUID 
I PIP 

An advantage of nuclear methods of measuring liquid level 
is that they can be employed without any apparatus inside 
the containing vessel. Among other applications, they are 
particularly convenient for detecting improperly-filled 
packages as they pass from a production line. 

using nuclear methods 

MEASUREMENT 

Photograph of typical installation for removing imperfectly-filled 
packages (courtesy Isotope Developments Ltd.) 
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By DENIS TAYLOR, M.Sc., Ph.D., Finst.P., M.I.E.E.' 

M
ANY different physical tech-
niques are employed in liquid 
level measurement, and the ready 

availability of radioactive materials in 
recent years has resulted in an extension 
of some of these methods, as well as the 
invention of a number of completely nem 
ones. There is a wide diversity of 
requirements for fluid level gauges in 
chemical manufacturing processes. The 
special feature of many of these nuclear 
level gauges is that they can operate 
entirely from outside the containing 
vessel. They may be designed to provide 
on off control at a fixed level in the 
‘ essel. or to provide continuous indication 
of level over a short range. Applications 
range over many manufacturing processes 
and a wide diversity of containing vessels. 
fluids and working conditions is en-
countered. For example, the container 
may range from glass- lined steel drums 
to refractory- walled furnace tanks and 
the contents may vary from corrosive 
chemicals at high pressure. slurries. 
molten metals and glass. to viscous liquids 
such as tar. latex. etc. 
There are two basic methods of level 

measurement using radiation techniques. 
The first involves the mounting of a 
gamma- ray emitting radioactive source 
inside a float, or in a float arm positioned 
inside the ‘ essel. Its position is then 
located by means of an external detector. 
The second and more important method 
depends on the difference between the 
attenuation of the gamma- rays in passing 
through the liquid and the corresponding 
attenuation in passing through the airpath 
above the liquid. It is usual to collimate 
the gamma- radiation by using suitable 
shields of material of high atomic number 
(e.g. lead). The beam of gamma-
radiation is then directed through the 
tank to a diametrically opposed detector 

Plessey Nucleonics Limited. 
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which can sense the presence of the liquid in the beam 
according to the magnitude of the received signal. This 
latter system operates by traversing the height of the vessel 
(or range of liquid levels) vertically and thus locates the 
liquid level. Essentially, the same method is employed for 
sorting properly-filled from improperly-filled packages in 
the manufacturing industries. 

Sorting of Imperfectly-Filled Packages 

The basic system for the sorting of perfectly- tilled from 
imperfectly-filled packages is illustrated in Fig. I. A 
gamma-ray beam is directed through the packages as they 
pass. one at a time, past a radiation detector. Properly-
filled packages. because of the attenuation of the signal 
produced, give rise to a standard output signal. 
Improperly-filled packages provide a much reduced attenua-
tion path (because the path is mostly an air path) and the 
resulting output signal is much greater than the standard 
signal. This increased signal is sufficient to operate a 
trigger circuit. causing the sorting mechanism to operate 
with the result that such packages are deflected to a ' reject' 
line. The photograph shows a system of this sort in use 
under facto—. .. onditions. 

on-off Gamma Level Controls 

It has been mentioned in earlier articles that on-off level 
controls find many applications in the process industries. 
In batch processes it is necessary to ensure that the correct 
quantities of ingredients are measured out into the reaction 
vessel. It is in applications of this sort that on-off level 
gauges find an important application. In this case it is 
only necessary to mount the radioactive source and the 
detector on opposite sides of the tank at the critical level. 
This is shown in Fig. 2. The reduction of signal strength 
as the contents rise above this level is used for the operation 
of the control relay to shut the valve and stop the passage 
of further fluid into the reactor vessel. Similarly. when a 
vessel is being emptied, the increase of signal strength as 
the contents fall below this critical level is usually sufficient 
to operate the control relay. In general an accuracy of 

in. is obtainable with this method. 

Continuous Measurement Level 

The continuous measurement of level* involves a number 
of difficulties. First, the calibration curve is not always 
linear, unless special care is taken to distribute the source 
of activity, or the detector sensitivity. Secondly, it is 
always necessary to calibrate the instrument by making 
absolute determinations of the contents level over the 
required range. Thirdly, the meter calibration becomes 
inaccurate as the source decayst. unless the electronic 
apparatus is adjusted periodically to compensate for this 
decay. 
When an extended range of measurement is necessary 

it is preferable to use a strip gamma-ray source and a long 
tubular detector as shown in Fig. 3. This provides a linear 
relationship between the detector response and the level, 
and installations have been satisfactorily designed to pro-
vide meauirements of level over vertical distances of up to 
10 ft. Hoy, ev er. long tubular detectors of this type are 
not a normal commercial item and such installations can 
be expensive. An alternative system, applicable to the 
measurement of level over a more restricted range (e.g. a 
few feet) is to use a gamma- ray source at the bottom of 
the tank and the detector placed above the tank. In this 
case the measurement involves measuring the gamma-ray 

A good summary of this subject has been given by Trost. A.. 'Check and Con-
trol of Content Level by Radioactive Isotopes', Atompraxis, February 1959. 
"I All radioactive sources decay with a measurable half-life. The difficulty can be 
avoided to some estent by using a source of long half-life. A cobalt*" source 
(hall-life 5 3 years) decays by I n about 24 days. whereas a caesium.' source 
half-life 37 years) decays by 1".., in about 6 months. 
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Fig. I. Sorting of imperfectly-filled packages 

absorption by projecting the gamma-rays vertically through 
the tank. The response! level characteristic is logarithmic 
resulting in poor accuracy over the high level part of the 
range. It should be noted that this particular variant gives 
a system in which the signals are dependent on the density 
of the contents of the tank, so that the instrument in this 
case measures the weight of the contents rather than the 
volume. 
A variant of the method which has sometimes beers 

employed is to introduce a small gamma-emitting source 
in a guide tube along the side of the tank. The detectoi 
in this case is above the tank. Then, as the source is mo‘ed 
up and down, there will be a sudden change in the response 
of the detector as the source moves past the liquid level 
because of the greater attenuation introduced in the liquid-
air path to the detector as compared to the 'air-only' path 
(with the source above the liquid level). 

Although the method shown in Fig. 3 is used, probably 

SOURCE o 

TUBULAR 
RADIOACTIVE 
SOURCE 

LIQUID LEVEL 

Fig. 2. On-oft gamma level control 

RANGE OF 
LEVEL MEASURMENT 

Fig. 3. Linear level control by line source and detector 
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the most popular method of covering a large vertical range 
of level variation is to employ an on-off system and arrange 
for both source and detector to be traversed vertically 
together. The traversing gear can be driven by a reversing 
motor controlled by the relay current, so that the source 
and detector follow any changes in level and are always 
positioned in line with the liquid surface. This system is 
shown schematically in Fig. 4. 

In some cases it is not convenient to use the source and 
detector on opposite sides of the tank. It is then reason-
able to consider a back-scattering system. The source in a 
suitable housing and the detector are moved up the side of 
the tank together. The position of the liquid level can be 
located by the variation of the back scattering in the tran-
sition from liquid to air. It is possible to use a motorized 
system as shown in Fig. 5, but so far back-scattering systems 
have not found appreciable application in industry. 

Fig. 4. ( Left ) Moving source and detector level gouge 

Fig. 5. ( Below) Motorized hack-scattering gauge 

SCINTILLATION 
COUNTEP 

SCATTERED 
RADIATION 

_ 

In recent years interest has been taken in another nuclear 
method. This depends on the fact that with liquids con-
taining hydrogen or other low-atomic weight elements, the 
passage of a fast neutron beam produces appreciable 
slowed-down neutrons. Hence, by placing a fast neutron 
source ( i.e., one emitting high energy neutrons) on one side 
of the tank and a slow neutron detector . ( i.e., a detector 
which responds to slowed-down neutrons) on the other side 
and moving the assembly vertically the position of the 
liquid level can be determined. An accuracy of + 2 mm 
is claimed for this method. Less shielding is required than 
is needed for the gamma-ray gauge, and the advantage of 
completely external measuring equipment is retained. 
However, this method can only be used for hydrogeneous 
and other light liquids. 

' Detectors can be made sensitive to slom ( i.e.. low energy) neutrnn. hIr 
ignoring fast ( i.e. high energy) neutron... 

BINARY-DECIMAL CONVERSION 

It is not very often that one has occasion to convert 
between the binary and decimal systems with pencil and 
paper. because the conversion is normally carried out by 
machine. Occasions do arise, however, when conversion is 
necessary. The student especially finds it desirable to do 
so in order to attach some meaning to binary numbers. 
The usual methods of conversion are very laborious, but 

there are relatively easy ways which are not as well known 
as they should be. They involve nothing more difficult than 
repeated multiplication or division by two. 
To convert a binary number to decimal form, write out 

the binary number in the usual way, but space out the 
digits much more widely than usual. Start at the left. 
Double the first digit, add the second digit, and write the 
sum below the second digit. Double the sum, add the third 
digit. and write the new sum below the third digit. Proceed 
until the last (right-hand) binary digit is added in. The 
result is the decimal equivalent of the binary number. 

Example 

Convert 101110010101 to decimal form. 

1 0 1 1 1 0 0 1 0 1 0 1 

▪ 5 11 23 46 92 185 370 741 1482 2965 

The answer is 2965. 

To convert a decimal number to binary form, write out 

406 

the decimal number in the usual way. Divide it by two and 
write the result underneath it. On the right, write the re-
mainder. This is 0 if the number is an even one and 1 if it is 
odd. Repeat the process until the process ends with the 
division of I by 2 which gives the answer 0 with remainder 
1. The column of noughts and ones is the binary number 
if read from bottom to top. 

Exaniple 

Convert 2965 to binary form. 
2965 
1482 1 
741 0 
370 1 
185 0 
91 I 
46 0 
23 0 
11 1 
5 1 
• 1 
I 0 
0 I 

The answer is 101110010101. 

It will be noted that the two processes are the opposite of 
each other and that the intermediate decimal numbers 
obtained are the same in each case. 
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A
GREAT deal has been heard about microcircuits 
in the last few years. However, most people think 
of them as being still in the experimental stage and 

few realize that they are now beyond this. Their produc-
tion in large or small quantities is now practicable and 
equipment designers must now give serious consideration 
to their use. 

It is generally accepted by equipment manufacturers 
that the microcircuit can offer real advantages in size and 
weight reduction, increased reliability and low cost. It is 
felt by some people, however, that the use of circuits or 
assemblies of circuits produced by a component manufac-
turer means that the equipment manufacturer loses his 
freedom of circuit design. 

It is true that in the development stages of microcircuit 
techniques the circuit manufacturers handled the circuit 
design. This was necessary in order to discover and 
allow for the advantages and limitations of the technique. 
A similar close liaison between device development and 
application has always existed for valves and semi-
conductors. 
Now that the microcircuit has reached the production 

stage, however, it is both possible and desirable that users 
should design their own circuits. Since there are obviously 
limitations as well as advantages to the technique, it is 
necessary that the requirements he fully understood. 

Advantages and Limitations 

A typical microcircuit is shown in one of the photo-
graphs. Resistors, capacitors and conductors are pro-
duced by vacuum deposition on to a glass substrate 3 cm 
X 2 cm x I mm thick. Semiconductors are attached to 
the substrate by soldering and connections are brought out 
by means of wires soldered to conducting lands. 
The completed microcircuit may be encapsulated 

individually or used in stacks of up to twenty in hermetic-
ally sealed cans as shown in the photographs. In the latter 
case, connections between individual circuits are made by 
means of etched wiring. Connections between modules 
are brought through an array of glass-to-metal seals at one 
end of the can. 
The main advantages of the microcircuit technique are 

small size, low weight, high reliability and low cost. In 
module form an overall system packing density of approxi-
mately 350,000 components/cubic foot is obtainable and 
this is adequate for almost all applications. 

Mu!lard Ltd. 
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Now that microcircuits have reached the production stage 
they are becoming available for use by any equipment 
manufacturer. Any suitable circuit can be produced quite 
quickly and this article explains the special requirements 
which the circuit designer must bear in mind. 

By A. T. WATTS 

The reliability of microcircuits has been the subject of 
considerable study, the results of which will be published 
separately. In the meantime, it may be noted that modules. 
each containing 15-20 microcircuits, have operated for over 
15,000 hours, so far without failure. 

It is already established that the microcircuit in quantity 
production can be low in cost. A further advantage of 
the technique, however, is that the tooling costs involved 
in making a particular circuit are such that small batch 
production is possible at very reasonable cost. Further-
more, the technique is such that the time between circuit 
diagram and production of microcircuits can be only 6-8 
weeks. This compares favourably with other methods of 
circuit production involving the ordering of separate 
components. 
The use of modules gives advantages over singly-

encapsulated circuits. The component packing density is 
increased considerably, since the individual cans are not 
present, and it is possible to ease the problem of inter-
connections and to reduce the number of soldered joints. 
The limitations of the microcircuit technique lie mainly 

in permissible power dissipation and in range and toler-
ances of passive components available. Development is 
still proceeding on passive components. but the values 
given below indicate what is being achieved in production 
quantities today. 

Resistors 

Resistors are deposited at 300 ohms/ square and are 
available in the range 10 ohms to 50 kilohms. This range 
covers almost all requirements for transistor circuits, but 

Typical 
microcircuit 
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Single 
encapsulated 
microcircuit 

Module with its can removed: such a module can comprise up 
to 20 microcircuits 

higher values could he produced if necessary. at the expense 
of packing density. The tolerance available at the moment 
is I 10%, but relative values of resistors on one substrate 
are within + 2%. 

Resistors have a temperature coefficient of less than 
100 p.p.m./uC and are extremely stable. Batches of 
resistors on life test have exhibited drifts of the order of 
+0.2% in 7,000 hours at + 25 C and under typical load-
ing conditions. 
The high-frequency characteristics of thin-film resistors 

have been measured at up to 200 Mc/s and are almost 
identical with those of cracked carbon resistors. 

Capacitors 

The range of capacitance available is 10 pi: to 5.000 pl:. 
and capacitors are deposited at 90 pf/sq mm. The toler-

ance obtainable is 15';.,. If higher values of capacitance 
are required separate miniature tantalum components may 
be used, and these are soldered into the microcircuit in the 
same way as semiconductors. 
The temperature coefficient of thin-film capacitors is less 

than + 250 p.p.m./ C and the power factor is less than 
0.01 at up to 50 Mc/ s. Drift is typically less than 1% in 
7.000 hours at 25 volts. 

inductors 

Thin-film inductors hase been produced, hut the 
maximum value obtainable at the moment is 2.5 A 
typical Q value is 60 at 50 Mc/s. 

It is obviously possible to use miniature wound inductors 
or transformers if necessary, but it should be noted that 
separate components such as these introduce more joints. 
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Fig. I. (Above) Temperature rise v. dissipation for singly-
encapsulated microcircuits 
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Fig. 3. Circuit of gate using direct-coupled transistor logic 

OUTPUT 

Fig. 4. Gate using hase-current switch logic 

V 

Power Dissipation 
There is no hard and fast rule for permissible power 

dissipation since this must depend on the required ambient 
temperature. type of semiconductor used and the method 
of mounting. The curves shown in Figs. 1 and 2. however. 
provide a rough guide. 

Fig. I shows temperature rise in the centre of a stack 
of five singly-encapsulated microcircuits plotted against 
dissipation. All circuits are dissipating the same amount 
of poWer, which is uniformly distributed over the substrates. 

Fig. 2 shows a similar curve for a stack of micro-
circuits occupying one cubic inch. The temperature rise 
for a given power dissipation per unit volume will 
obviously be greater here, since the packing density is 
increased and the individual cans are no longer available 
as heat- sinks. 

As an example of the use of these curves, assume an 
assembly occupying one cubic inch, using silicon transistors 
in circuits designed for a maximum operating temperature 
of 100 C. If a maximum ambient temperature of 60 ' C 
is expected. then the permissible temperature rise in the 
module is 40 C. This allows a dissipation of approxi-
mately 1.1 W. 

It should be noted that the curves apply to the particular 
configurations described. If. for example, the module is 
surrounded by other similar modules, allowances must he 
made for this fact. 

Circuit Design 

If the abose limitations are taken into consideration at 
the circuit design stage. no modifications are necessary in 
order to produce the circuit in thin-film form. 

It may appear that the tolerance of + 10",, on resistors 
is too wide for many applications. It should he borne in 
mind. howeser. that many circuits depend for their opera-
tion on the ratio between two or three resistors. In order 
to obtain this ratio with individual components it is neces-
sary to specify tight tolerances. With the microcircuit. 
this ratio is 2 "... A further advantage for the circuit 
designer lies in the fact that he is not restricted to standard 
values of resistors or capacitors and this again eases toler-
ance requirements. 

Since the semiconductors contribute a large part of the 
cost of microcircuits, it is desirable to use circuits involving 
as few semiconductors as possible. Consider a require-
ment for a logic gate having a fan- in and fan-out capability 
of five. 
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Fig. 5. Gate using transistor-resistor logic 

Three possible circuits to fulfil this function are: — 

I. Direct-coupled transistor logic (d.c.t.1.)—See Fig. 3. 
2. Base-current switch logic (b.c.s.I.)—See Fig. 4. 
3. Transistor- resistor logic (t.r.l.)—See Fig. 5. 

All these circuits can he and have been produced in 
microcircuit form. D.c.t.l. has the advantage of dis-
sipating very little power and requires only wide tolerance 
passive components. The microcircuit, however, becomes 
little more than a printed-wiring board, since only one 
resistor is required for five transistors. For certain types 
of transistor, current-sharing resistors are required in each 
base, but the circuit is nevertheless expensive in semi-
conductors. 

B.c.s.l. circuits make better use of the thin-film tech-
nique. but are still expensive in semiconductors. These 
circuits have the advantages of relatively low dissipation 
and high speed for a given transistor. 
The t.r.l. circuit is slower for a given transistor than 

either d.c.t.l. or b.c.s.l. and dissipates more power in per-
forming a similar function. It takes full advantage of 
the thin-film technique, however, and since relatively high 
operating speeds can be obtained in such circuits with 
modern transistors. t.r.l. would be the recommended circuit 
for operation at up to 1 Mc/s. 

In linear circuits, the number of semiconductors used is 
generally considerably lower than is the case for digital 
circuits. The designer here is more concerned with pro-
duction of tuned circuits and variable components. 

Although it is possible to make hybrid circuits involving 
both thin-film and conventional components. it is desirable 
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for circuits to be designed to use thin-film only wherever 
possible. Such circuits will be lower in cost and more 
reliable, since the number of joints is considerably reduced 
and no special engineering is necessary, as may be the 
case with hybrid circuits. 

It is possible to produce i.f. amplifiers, for example, by 
the use of wideband amplifiers in conjunction with filters. 
This means that the major part of any i.f. amplifier, 
irrespective of intermediate frequency or bandwidth, would 
be standard and therefore lower in cost and more reliable. 
Such circuits do not require inductors—a useful feature, 
as the maximum value of inductor available at the moment 
restricts their application to high-frequency circuits. 

It is possible to make preset step-
variable resistors and capacitors by 
depositing padding components which 
may be connected by wires and these 
have proved adequate for many 
applications in which a variable com-
ponent is required. 
Two well-known techniques which 

are applicable to thin-film linear cir-
cuits are the use of RC feedback 
networks to produce selective ampli-
fiers and the use of variable capaci-
tance diodes for tuning purposes. 

Layout of Microcircuits 

I he final drawings for mask pro-
duction are produced many times full 
size and are drawn to great accuracy. 
However, there is no reason why the 
circuit designer cannot produce initial 
layouts. in order to satisfy circuit 
requirements and fix interconnections. 
A number of rules are necessary in 

order to make this possible and these 
are given below. 

Area Available on Substrate 

The substrate size is 3 cm x 2 cm 
X 1 mm thick. In order to allow 
for edge effects, jigging. etc.. a 1-mm 
margin must be allowed around the 
edges of the substrate. 

INPUT 

Termination pads are placed along the 3-cm edges of the 
substrate at a pitch of 1-9 mm. If the substrate is intended 
for individual encapsulation. only one edge may be used. 
The maximum number of termination pads on one edge 
is fourteen. 

C'oriductors 

The minimum permissible width for conductors is 
0.5 mm, and the minimum spacing between conductors is 
0.4 mm. It is desirable to make conductors as wide as 
possible as with conventional printed wiring boards. 

Resistors 

Resistors are deposited at 300 t3, square, and dissipation 
may be up to 1 watt/sq cm. The minimum permissible 
width of resistors is 0.25 mm. The resistors may be made 
in meandered form if necessary. Since the conductors 
have a resistance of 0.5 11/square, it is desirable to use 
resistors as connectors wherever possible. thus reducing 
the length of conductors. 

Capacitors 

The standard value of capacitance is 90 pF, sq mm. An 
overlap of 0-5 mm all round should be allowed on the 
dielectric to allow for misregistration. 

Semiconductors 

There are a large number of microminiature semi-
conductors available in different encapsulations. The 
encapsulation most used with microcircuits is 31 75 mm 
maximum diameter. 

Termination Pads 

These are 1 mm diameter and are normally arranged at 
the minimum distance from the semiconductor can. It is 

Fig. 7. Circuit diagram at 
the microcircuit of Fig. 6 

-7, - 4- 3 V 
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possible. however. to use the semiconductor leads as 
jumpers where necessary. 
The initial layouts for microcircuits are drawn six times 

full size and roughly to scale. A typical layout is shown 
in Fig. 6 and Fig. 7 is a circuit diagram of this substrate. 

Conclusion 

I he microcircuit is now a production item, and will find 
large-scale application in low-power electronics. It is 
essential, therefore, that the circuit designer shall be able 
to provide circuits suitable for manufacture in thin-film 
form. 

It is clearly impossible to list all the possibilities open to 
circuit designers and there is no doubt that many ingenious 

MICROWAVE tubes, developed for radar and com-
munications purposes, originally delivered power only in 
short pulses. In recent years a number of continuous-wave 
devices of relatively high power have been produced. open-
ing up entirely new fields of application. 

Microwave power is readily absorbed by certain non-
metallic substances and is converted to heat in the process. 
An early application of this property was in the cooking 
of food by microwave power in a fraction of the time 
normally required. 

Elliott- Litton Ltd. have been concerned for some time 
in inveertigating the possible application of microwave 
power to many industrial processes, particularly those 
involving the heating and drying of materials with poor 
thermal conductivity. It was found that microwave heat-
ing techniques could be more effective because energy was 
absorbed only by the product which required heating and 
was not dissipated, as in industrial ovens or convector 
drying plant. Heating was also more uniform, as energy 
was applied to all parts of the material at the same time, 
to the centre as well as the outside surface. Research has 
been concentrated particularly on the drying of paper and 
pressed fibre board, and on the heating and curing of 
plastics material. 
At a recent reception in London. Elliotts demonstrated 

a small-scale laboratory microwave heating equipment 
designed to illustrate the drying of paper and the curing 
of polyurethane foam plastic moulding. 
The idea that microwave power could be used for curing 

polyurethane foam plastic mouldings came first from the 
British Motor Corporation. They are in fact installing 
prototype production line plant for producing foam plastic 
mouldings cured by microwave power—this will be the 
first in the world. Viking Engineering Co. is supplying the 
plant fitted with an Elliott-Litton microwave power source. 
The advantages of the microwave curing plant can only 

be fully assessed after the prototype installation has been 
working for some time. However, at this stage it is pos-
sible to state that, compared with a conventional system 
for a given output, the microwave plant is smaller, requires 
fewer moulds and costs considerably less. For example, 
to cure 10,000 foam plastic pieces per week, at present 
B.M.C. require an 80-ft long oven and 138 aluminium 
moulds. For the same output with the prototype micro-
wave oven, they require only 40 epoxy resin moulds and a 
proportionally smaller unit. 
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circuits will he devised in order to make full use of thin-film 
techniques. 

It is hoped, however, that this article will serve as a 
general guide. 
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It is anticipated that the maintenance of the microwave 
plant will be carried out by factory electricians since the 
electronics comprises only a self-oscillating magnetron and 
a d.c. power supply. 

For further information circle 32 on Service Card 

This shows the Viking Engineering Vitherm' microwave foam 
plastic curing unit. This is the standard unit which provides the 
basic design for the B.M.C. installation 
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This article describes a semi-automatic 

counting and object-sizing system 

which is working on conveyor belts in 

a laundry. In this application the 

system is being used to count and 

indicate the size of each work piece 

passing on conveyor belts through a 

flat- ironing machine. 
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By R. D. CARTER-PEDLER, B.A.0 

/
N almost every industrial process where operators are employed to handle 
various types of articles, an automatic or semi-automatic counting system 
can he used to provide the management with information which, when used 

correctly. will aid efficiency. 
When related to time the basic article counts can, for instance, be applied 

directly to: ( a) The assessment of incentive bonus, either to collective operator 
groups or to each operator individually or ( b) assessing the handling costs of 
different types of articles. A close work study' is particularly important where 
a process service is being rendered, as in the case of a laundry. but applications 
for these techniques exist in almost every industry. Manual counting is 
expensive and unfortunately complete reliance cannot be placed on the figures 
thus obtained so that an automatic counting system free from the human 
eltment is an essential foundation to effective work study. 

While it is obvious that the installation of automatic counting and sizing 
equipment can lead towards mechanical data processing and automatic 
accountancy. it is proposed here to describe a simple semi-automatic system 
which has proved successful in practice in a laundry where the figures are 
read off the counters and entered on forms by hand. Although with this system 
the electronic apparatus is fixed to a machine in the works it forms part of the 
wages and cost office equipment. 

Fully automatic systems have since been built and if lined with automatic 
_ 

. Photoelectronics ( M.0.1%121 Holdings Ltd. 

A view of the semi-automatic system installed at llw works of the Welcome 
Lautuky Co. Ltd. 
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timing for each run ( lot' of washing) and print-out counters 
this could feed a complete daily analysis into the office 
automatically. It is felt, however, that the extra cost of 
print-out counters may not be justified as it is necessary 
for a full analysis to know the name of each operator 
land the total number of operators) employed for each 
'lot' of washing. These will sary continually according 
to the kinds of articles being processed, thus it may he 
preferable for the totals to be read off ordinary display 
counters and entered at the end of each 'lot', along w ith 

miimoillliéime Laken 
l'or thc purpose both of paying bonus and os g. the 

variou..kartic)es normally handled are group four 
main i eeorjç tabâ-
cloths and the smallest serviettes or is c ot s. e small-
est size can he fed down the flat- ironing machine six at a 
time, taking six operators, whereas only three operators are 
needed to feed large sheets which naturally carry a lower 
bonus target figure per hour; i.e.. fewer units per hour/ratio 
to earn a bonus on the basic rate. 
The recording sheet for each lot' therefore, provides for 

the entry of totals from six small work counters—these 
figures being subsequently added together to arrive at group 
performance—three medium size work counters, two large 
size and one very large work counter. Adding facilities 
can he provided in the electronic equipment to reduce the 
foregoing to four sets of figures only. This would mean 
that individual operator performances cannot be studied. 
but where group bonus is paid on a team-work basis a 
saving in the extent of office calculations is effected. 

Provision is made for the entry of operators' names. 
so that a change of team can be noted, time started and 
finished. etc.; i.e.. all releN ant information required to 
complete the daily analysis sheet made up in the office. 
for study by management. A summary prepared from the 
detailed analysis shows daily totals of articles processed. 
bonus earned, idle time. etc., to give an overall picture. 
Thus the 'paperwork' consists of three forms, the first of 
which appears in quantity. one for each 'lot' of washing. 
prepared by the supervisor or chargehand in the laundry 
from the automatic counting equipment and time clock, 
then forwarded to the cost clerk while the second two. 
prepared by the cost clerk are forwarded to management. 
viewed by the supervisor and returned to file (for future 
comparison purposes). Fig. I shows a typical production 
sheet for one 'lot' of washing. The figures for this sheet 
are taken from the counter display units. Fig. 2 shows 
part of an 'Operator Time Daily Analysis Sheet' which is 
made up with details from the individual production sheets 
and a 'Production Shift Summary Sheet'. 

Combined Three- and Six- Lane System 

.Semi-Aut(inuatu. In this installation, comprising three 
separate work lanes alongside each other, it was necessary 
to design a simple system which could be used to count 
work pieces travelling on conveyor belts in the three separate 
lanes or two small work pieces per lane, effectively making 
six lanes, or single large work pieces occupying two lanes. 
This is done by making use of a number of simple circuits 
comprising eight phototransistors with light projectors 
operating eight relays directly to switch the electromagnetic 
counters. Only two discharge tube timers and three inter-
locking relays are needed to complete the system, apart 
from the manual selection switches employed on the semi-
automatic model. The timing and interlock circuits are 
used to mute either the six-lane or three-lane sensing 
systems when a large work piece occupying two major lanes 
passes through. These circuits arrange that the smaller 
work counters are not re-alerted until the tail end of the 
large work piece has passed the bank of photodetectors. 
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Very large work pieces occupying more than two major 
lanes are recorded on the counter by operating a selector 
switch. 

Fig. 3 ( a) show's the arrangement of the phototransistors 
which are mounted on a bridge over the conveyor belts. 
Each of the eight phototransistors has a corresponding light 
projector mounted beneath the conveyors and projecting 
their light beams through slits between the conveyor belts on 
to the appropriate phototransistor. Objects on the conveyor 
belt will cut the light beam and cause an output signal from 
the nhatatrancktnr tn - ne 

counters. When operat 
1 to 6 can he used to c 
mediiim-sized niec 
switch is provided to gang 

ttte electromagnet:, 

dividually, phototransistors 
ry small work pieces. For 

convine pne Jane a el ?  
etectors -2, -4, an -6 in 

pairs. Detector number 7 senses large work pieces 
occupying lanes I and 2 and provides a cut-off signal for 
detectors I. 2. 3 and 4; detector 8 operates in a similar 
way for lanes 2 and 3. For very large work pieces occupy-
ing more than two lanes, detectors 7 and 8 are ganged by a 
selector switch and their combined outputs are fed to a 
separate 'large-work' counter. By using a total of twelve 
separate counters the system provides counts for each item 
and an indication of the size of each item. 

Fig. 3 ( h) shows in schematic form the arrangement of 
the twelve counters. 
Automatic Systeni.—The fully automatic counting and 

sizing system is somewhat similar to the semi-automatic 
model already described. The arrangement of the sensing 
heads and associated circuits is such that no pre-setting of 
switches is required but the feeding in of work pieces must 
be confined to the clearly marked channels at the machine 
inlet according to their size. The fully automatic unit 
only requires one additional discharge tube timer. 
By including adding facilities in the electronic unit, the 

number of display counters can be reduced to three as 
follows: Lanes 1, 2, 3 and 4 (small work) counter I. Lanes 
1 and 2 or lanes 3 and 4 to counter 2 (medium work) from 
sensing heads 5 and 6, and very large work from sensing 
head 7 on counter 3. The advantages are freedom from 
mistakes due to easy reading of daily totals article-wise, but 
the subsequent works study is limited to operator groups 

The control panel for the fully automatic system 
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The Radio and Electronic Com-
ponent Show is the 18th of the series. 
Previously known as the R.E.C.M.F. 
Exhibition, it is now held in alternate 
years. On pages 416 and 417 
are plans showing the layout of the 
exhibition, which will occupy a total 
area of around 80,000 sq ft, an in-
crease of 6,000 sq ft compared with 
the 1961 show. 
While it is no surprise that the 

emphasis this year is on micro-
miniaturization, the exhibition will 
also provide a glimpse into the future 
in respect of components designed for 
the rigours of advanced airborne and 
space research. As part of the Govern-
ment stand, the Ministry of Aviation 
will be showing how electronic equip-
ment is designed and manufactured 
for use by H.M. Forces. The theme of 
the Ministry's presentation is the im-
portance of component reliability in 
the production of equipment which has 
to withstand the environmental ex-
tremes met in military operations. 
To demonstrate the part played by 

the manufacturer in achieving this 
reliability, a typical component has 
been selected in order to illustrate its 
various stages of manufacture. This 
section is contributed by members of 
the Electronic Valve and Semi-
conductor Manufacturers' Association 
(VASCA), who will also be showing 
examples of their own test procedures. 
One of the outstanding component 

developments of recent years is the ap-
plication of microminiature techniques 
on a production basis. One example 

418 

of this, which will be featured by Mul-
lard (56), is an integrator developed for 
rocket guidance systems in which 
3,438 components are packed into a 
unit measuring 18 by 2-6 by 1-8 in. 
Among new developments to be seen 

on the Technograph (57) stand will be 
working models of printed-circuit 
motors. Multi-layer circuits will also 
be displayed. Although these circuits 
are at the moment only being manu-
factured for prototype evaluation, they 
appear to have a promising future. 
Construction is in the form of alternate 
layers of insulating material and con-
ductor patterns with inter-circuit con-
nections made via holes plated through 
the circuit where required. 
The ever-increasing use of printed 

circuitry has stimulated the develop-
ment of cheaper and faster methods of 
fixing components on to printed cir-
cuit boards. J. & S. Engineers (58) will 
be demonstrating their `Jastac' range of 
fixing techniques, a project sponsored 
by N.R.D.C. With this method, 
standard electronic components have 
their lead-wires fitted with special in-
serts and are loaded on to the circuit by 
means of a press-tool: in a single opera-
tion the component is rigidly mounted 
on the board and at the same time 
connected electrically to the copper 
track without the need for pre-drilling 
or pre-punching holes, and without the 
use of soldered joints. Contact 
resistance per insert is approximately 
I mil. This system is claimed to be 
equally suitable for both small-scale 
use and mass-production. 

On the B.I.C.C. stand there will be 
a selection of products from B.I.C.C.-
Burndy emphasizing the wide applica-
tion of compression-jointing techniques 
(59) as applied to r.f. and power con-
nectors. A particular feature will be 
an edge-type printed-circuit connector 
utilizing removable crimped contacts 
which can be fitted either by automatic 
or hand-operated tools. This develop-
ment enables high-speed assembly 
methods and a considerable degree of 
quality control to be employed. 
The evolution of instruments which 

simplify industrial testing processes and 
minimize the possibility of human 
error has been well marked in the past 
two or three years. Companies in the 
Derritron Group will be showing some 
examples of this trend, including a 
digital Wheatstone bridge (60), the 
readings from which can either be dis-
played directly or made available as 
pulses, thus allowing the bridge to form 
part of a control system. 

Several new semiconductor ranges 
will be displayed on the Brush stand 
(61). These include: silicon transistors 
specially designed for chopping ap-
plications, which can be supplied in 
pairs or quadruples matched by offset 
volts to within 50 µV; silicon power 
epitaxial transistors; silicon zener 
diodes available in 1%, 5% and 15% 
voltage tolerances; and p-n-p-n four-
layer diodes in a wide range of switch-
ing voltages. 

Reliance Controls will be showing 
what is claimed to be a major advance 
in multi-turn potentiometer design. 
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One of the Vive' exhibits this year will be an experiment to demon-
strate the stability of Electrothermal precision wire-wound resis-
tors: this will consist of a Wheatstone bridge balanced by two 
identical 'Precistors', one frozen in a block of ice and the other 
immersed in boiling water. Precistors are available from 0-5 SI to 
/0 MCI; tolerances down to 0-01%; stability better than 
(62) 

This general-purpose laboratory crucible furnace suitable for 
small-scale metal melting, heat treatment, etc., will be one of 
several exhibits from Barlow- Whitney. The Vertical Crucible 
Furnace' has a maximum operating temperature of 1,200 `'C and 
features a short heating-up time (65) 

Sealectro will be showing the Cloverleaf terminal system in which 
a new 'Press-Fit' receptacle allows the economy of dip-soldering 
to be combined with the reliability and repairability of hand-wired 
metal chassis construction. The Cloverleaf receptacle provides 
four insertion points for wire leads, with a centre hole. The system 
is for use in metal chassis from 0-040 to 0065 in. thick (66) 

A range of photomechanical equipment used in the production 
of all types of printed circuitry will be featured by Pictorial Mach-
inery. Their main exhibit will be a Lithoprintex Junior step-and-
repeat machine designed for the production on film or glass of 
multi-image negatives or positives up to 30 by 24 in. in area. 
This machine also offers the facility for vertical and horizontal 
scribing upon photographic plates with a setting accuracy of 
better than 0-0005 in (67) 
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Among components offering a useful reduction in size compared 
with those currently available for transistorized circuitry. is a 
comprehensive range of 30 V d.c. wkg. double-ended polystyrene 
film capacitors by Suflex. The lead wires are of 36 s.w.g. tinned 
copper. In the illustration, one of the new range is shown below 
a standard version (63) 

The Harwin B.1001 digital indicator 
provides a 12-character optical display, 
using Acrylic plates directly edge-lit by 
JIS pattern midget bulbs of 6, 12 or 28 V. 
This method of construction, by avoiding 
deflections of the light, gives a significantly 
sharper and brighter image than has 
hitherto been possible with the bent-plate 
technique. At the same time it has resulted 
in a marked decrease in size and weight. 
This plug-in unit measures 2:e2 in. high by 
1674 in. deep (excluding plug pins), with a 
width to allow mounting in banks at I in. 
centres (64) 
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A range of E. H. T. transformers with resin-cast 
assemblies offer a reduction in size compared with 
conventional oil-filled units and ionization-free opera-
tion at working potential. The compactness of the 
Forest series, which will he seen on the Gardners 
stand, is well illustrated in the photograph which 
shows a 12 V, 40 A unit rated at 40 kV wkg. with a 
plan area of 81 by 71 in. and a height of 12 in (76) 
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Among new Plessey components 
on show will be a series of encap-
sulated inductors. These com-
pact units are available in three 
wattage ratings with tolerances 
of + 5% or ± 10°-„.. The smallest 
inductor of 2.7 it If (top), rated 
at 1 W, is e4 in. long (75) 

A selection of vibration generators with their 
associated driving and monitoring equipment 
will be displayed on the Goodmans stand. 
The VG. ¡K. Mk. I ( illustrated) will he shown 
in operation. It has tur overall weight of 
1,260 lb, a maximum thrust of more than 
1,000 lb and an excursion of in (77) 

One of CIBA's exhibits will be this cardiac 
'Pacemaker' unit. Developed at St. George's 
Hospital, London, and made by Devices Sales, 
the unit is designed for complete implantation 
within the human body. The unit contains a 
transistor pulse generator powered by four 
batteries. Special flexible electrode leads have 
been developed to withstand many millions of 
fatigue cycles to which they are subjected by 
the physical movement of the heart. Both 
leads are duplicated and can be transferred 
from one 'Pacemaker' to another to facilitate 
minimum disturbance of the connection to the 
heart. The average battery life is over three 
years (78) 

Murex will be showing internal magnet 
assemblies in which the problem of attach-
ing the iron shoes has been overcome by 
pressing and sintering the magnet material 
and iron powder as one piece, thus avoid-
ing the introduction of high reluctance 
gaps into the circuit. With this 'Sincomax' 
technique, pole shoes of high density iron 
can he thin in section and designed to give 
linear distribution of flux over their entire 
length. Three typical assemblies are shown 
in the photograph (79) 
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The SYN 11-00 series (68) is intended 
for applications which demand very 
low inertia and quick response. e.g. in 
servo equipment, computers, etc. A 
light, rugged wiper assembly is made 
possible by the use of a very compact 
spiral element wound from bare 
polished precious-metal wire. These 
units are to be made available in both 
synchro-mounting and bush-mounting 
versions. 
This year's show will include a num-

ber of instruments which can be 
regarded as 'component' parts of com-
plete systems; for example, panoramic 
display units (69), which give a 'picture' 
of radio signals available to a receiver. 
will be exhibited by Stratton & Co. 
One unit is for v.h.f./u.h.f. operation 
and shows on a c.r.t. the signals over a 
bandwidth of 1 Mc/s; the other, for 
h.f. work, operates over a smaller 
spectrum. Among the many applica-
tions of this equipment is the 
frequency-checking of 'fixed-tune' re-
ceivers and the accurate assessment of 
frequency drift. In communication 
networks, it enables an operator to call 
a wanted station and see immediately 
when that station replies, giving him 
the facility of tuning- in accurately 
without searching. 
The growing interest in 'piped' tele-

vision services, which will no doubt 
be reinforced by the introduction of 
u.h.f. transmissions, is to be covered 
at Olympia by Belling & Lee, who 
will be showing their distribution 
systems (70). These feed multiple pro-
grammes from a central receiving sta-
tion to the individual receivers. Work-
ing on a wide-band system (from 40 
to 220 Mc/s) this equipment has been 
designed to cater for all the foreseeable 
needs of piped services: colour, pay-
TV. v.h.f. and u.h.f. picture transmis-
sions and sound radio. 

Bonella will be featuring a new 
range of 'Cherry' micro-switches (71) 
rated at 5, 10 and 15 A, 250 V a.c.. in 
addition to their standard ranges of 
miniature moulded-body switches. 

Solid tantalum capacitors (72) in a 
voltage range from 6 to 75 V will be 
the main exhibit on the Union Car-
bide stand. Other components to be 
shown include getters for radio valves 
and cathode-ray tubes. 

A. H. Hunt (Capacitors) Ltd. will be 
showing comprehensive ranges of fixed 
capacitors for all purposes. New de-
velopments (73) include 'Dipseal' (resin-
impregnated) metallized dielectric, and 
•Metalac' metallized lacquer types. 

Manganese alkaline batteries (74),to-
gether with a wide range of mercury 
batteries, will be featured by Mallory. 
Advantages of the manganese battery 
include long life, constant output and 
high resistance to corrosion. 
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East Grinstead Electronic Com-
ponents will he exhibiting a 
range of • Radiohm' miniature 
and semi-miniature carbon-track 
potentiometers which will incor-
porate several novel features, 
two of which are illustrated. The 
drawing shows a tab-fixing sys-
tem, which it is claimed will 
offer a considerable reduction in 
time and expense on the assembly 
line. The potentiometer is fixed. 
after insertion, simply by twist-
ing two of the four tabs provided. 
The non-conductive detachable 
spindles have the advantage that 
they can be inserted after the 
chassis has been completed: 
they fix firmly into position and 
can he supplied with knobs to 
customers' specifications (81) 

Bribond will be showing this 
K114-approved cabinet, designed 
to provide a flexible system for 
housing electronic arid electro-
mechanical equipment. Each unit 
is self-contained with built-in 
cooling and heating facilities. 
Removable side panels allow 
through-wiring where cabinets 
are used in multiples. Also to be 
exhibited is a modular-chassis 
printed-circuit cabinet with stan-
dard racking (82) 

Featured on the Ferranti 
stand will he develop-
ments in silicon solid-
state integrated circuits 
for linear amplification 
(Micro/in) and for high 
speed logic functions 
(Micronor). The circuit 
illustrated ( magnifica-
tion: approx. 20 times) 
is a linear amplifier 
from the Microli,, range. 
encapsulated in an 
lead case measuring 0-36 
in. in diameter and 0-18 
in. in height. This cir-
cuit is composed of two 
silicon chips, one con-
taining a p-n-p transis-
tor, the other containing 
an n-p-ri transistor and 
6 resistors (80) 

The main exhibit from Wingrove 
and Rogers will be Polar gang capa-
citors (84), most of which can now be 
supplied with gear and pinion drive. 
Trimmers for printed-circuit board 
mounting will also be shown. 
Westinghouse Brake & Signal Co. 

will be demonstrating how 'Trinistor' 
silicon-controlled rectifiers (85) can be 
linked to driver and controller units to 
form various control systems. Other 
components will include silicon diodes. 
selenium surge suppressors and 
selenium rectifiers. 

In addition to their established pro-
ducts. Midland Silicones will be show-
ing some new materials (86) including a 
clear, flexible silicone resin, a self-heal-
ing dielectric gel, and a one-component 
cold-curing silicone rubber sealant. 

Industrial Electronics May 1963 

Miniature Electronic ( omponents 
will exhibit a wide range of multi-turn 
trimmers (87) in values from 10 11 to 
125 kil. precision wire-wound resistors 
with tolerances from 1-i, down to 
0-01%. and a miniature toggle switch. 

Electrical measuring instruments of 
many kinds will be featured by Sifam. 
including meters and indicators for 
pyrometric applications (88). The new 
'Harmony' and 'Clarity' ranges incor-
porate a number of interesting features. 
in particular with respect to ergonomic 
considerations. 
New developments to be shown by 

Telcon Metals include details of their 
thin-foil rolling facilities which are 
capable of producing ultra- thin foils 
down to 0-00015 in thickness in a 
variety of alloys (89). Non-magnetic 

This plug-in static switching unit will be 
among the items on display relating to 
the A.E.I. Logicon static switching system 
which can be used in place of conventional 
control gear in many industrial applications. 
These units, which have been available 
for some time in heavy-duty encapsu-
lated form, operate approximately 1,000 
times faster than conveational relays and 
have no moving parts to get dirty or wear 
out (83) 

tools in beryl:ium copper will also be 
on display. 
Venne:- Electronics will be showing 

a new frequency meter specially de-
signed for portable use (90) and a milli-
second stopclock of ma tc h in g 
appearance. Other exhibits will in-
clude a digital voltmeter. a digital clock 
and a variable rise-time pulse generator. 
New products on show from J - Beam 

Aerials will include helical aerials. 
omnidirectional colinear arrays, and 
a IA mobile whip aerial (91) which 
enables users of high-band mobile 
radio-telephones to have a wing-
mounted aerial similar in performance 
to a IA roof-mounted unit. 
The main feature of the S.T.C. dis-

play will be Ministac (92) high-density 
circuit assemblies and associated 
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devices such as thin-film circuits. 
transistors and integrated-circuit 
modules. Also represented will be a 
wide range of conventional com-
ponents. 
Marconi Instruments will be show-

ing examples of their new '2000' range 
of telecommunications measurement 
equipment (93). Standardization, in-
cluding the extensive use of common 
sub-assemblies, has resulted in greater 
reliability and lower costs. 
Two of the principal items to be 

shown on the Elliott-Automation stand 
are the Minilog 'F' series of micro-
miniature logic elements (94) and the 
Arch range of compatible analogue 
and digital modules. 
As well as a comprehensive range 

of terminals and connectors. A-MP 
will be exhibiting their fine YR splice 
(95) which makes it possible to splice 
wires as fine as 47 s.w.g.. at a rate of 
up to 450 splices per hour. 
Among their range of test instru-

ments and coil-winding machines Ayo 
will be showing the 'In-Situ' transistor 
tester (96). It enables current gain to 
be measured with the transistor still 
connected in circuit. 

Magnetic Devices will exhibit, 
among other things, the series 850 
relay (97) which meets Ministry 
specifications for pentance, ethylene 
and hydrogen classes; it is termed an 
intrinsically safe relay. 
Transformers will be found on many 

stands. Hinchley are featuring types 
with special mounting arrangements 
for printed circuits (98) and have a 
range of laminations in metric sizes. 
Geo. L. Scott can now supply toroidal 
cores ready coated with an epoxy resin 
so that they can be wound without 
further treatment (99). 

In addition to their range of tran-
sistors, Newmarket Transistors will 
show miniature packaged circuits for 
inclusion as complete units in more 
complex apparatus. Selective assembly 
is used to take up transistor and com-
ponent tolerances and provide a 
complete unit of close tolerance (100). 

T.C.C. will exhibit a wide range of 
capacitors; two new types are the 
Supamolds (101) and Duomolds (102). 
The first is a paper tubular capacitor 
especially designed to cater for the 
higher temperatures met with in 
modern television receivers. The 
second is also a tubular capacitor but 
one with a mixed dielectric, giving a 
considerable reduction in size over the 
conventional 750-V 85 °C type. 

In the capacitor part of their exhibit, 
Dubilier (103) will be featuring 
tantalum electrolytic types and sub-
miniature electrolytic types. They also 
are showing samples of the ` Bluecon' 
and 'Greycon' ranges. 
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In computers and control systems 
there is now considerable application 
for precision potentiometers and quite 
a number will be on show. Ancillary 
Developments have among their range 
a low torque model; the linearity is 
0-1 °/,, and the torque 1 gramme/ 
cm (104). Beckman Instruments will 
show a range of Helipot (105) potentio-
meters. 
Rendar Instruments will exhibit 

push-button switches. The PBS/1 
range (106) is available in two styles, 
push to make and push to break. Pye 
will show micro-switches as well as 
miniature types and limit switches 
(107). 

An interesting new development to 
be shown by Thorn (Special Products 
Division) is the application of electro-
luminescence for lighting instrument 
panels. This has been accomplished by 
using electroluminescent plates instead 
of a series of pea-lamps in the Thorn 
'Plasteck' (108) system. An 'image 
retaining panel' will also be on display: 
this is an electroluminescent device for 
the detection and controlled retention 
of two-dimensional images formed by 
a wide band of electromagnetic 
radiation. 
Diamond H Controls will be ex-

hibiting a range of hermetically-
sealed and general purpose relays 
(109); primarily designed for use with 
these, and also on show, will be two 
series of time delay units. Other 
items will include snap-in toggle 
switches and neon indicators in various 
colours. 

Tectonic will be exhibiting a repre-
sentative range of products including 
flexible multi-layer circuits (110) com-
posed of printed wiring on flexible base 
materials. These are being proposed 
as a replacement for bulky cable runs, 
e.g. in aircraft and general electrical 
wiring. 

Also in this field, one feature of the 
Sellotape stand will be an illustration 
of the possible uses of polyester film in 
printed circuitry. A typical example. 
consisting of 0-00015 in. of electro-
deposited copper laminated to a 
polyester film by a thermosetting 
adhesive, will, when etched, form an 
extremely flexible printed circuit (111). 
Sanders (Electronics) will be show-

ing examples of a wide range of micro-
wave components (112) suitable for use 
in measuring systems. Working ex-
hibits will include a new microwave 
power meter and, in the industrial 
field, a low ripple, constant voltage 
source (using the module s.c.r. power 
amplifier) with an output of 200 V at 
5 A. 
Amongst a variety of machines to be 

displayed by Rejafix will be a power-
driven marking and printing machine 

for transistors or similar articles. The 
4T/TPR transistor printer (113) has an 
output of up to 2,000 prints per hour, 
depending on the shape and size of the 
articles, and can handle diameters up 
to f in. Special hand-made blocks 
enable a considerable amount of in-
formation to be printed on very small 
surfaces. 

Exhibits from Gulton Industries will 
include a range of capacitors, trans-
ducers and thermistors based on their 
new thin-sheet ceramic process (114). 
Demonstrations will be given showing 
the uses of ultrasonic transducers and 
low noise coaxial cable and connector 
equipment. 

Burndept will be showing a new 
range of sealed nickel-cadmium re-
chargeable accumulators (115) which 
require no maintenance and cannot 
be overcharged. The range at present 
comprises outputs from 50 mAH to 
23 AH. Larger sizes up to 6 AH are 
under development. 

Relays are finding increasing use in 
modern apparatus when the high speed 
of electronic switches is not needed. 
Erg will show a range of encapsulated 
dry-reed types in which the contacts 
are sealed in an inert gas atmosphere. 
This firm also has a miniature type 
AB 1434 (116) with an operating time 
of 0-5 msec. 

Resistors are naturally shown by 
many firms and the standard 'stick' 
resistors are too well known to need 
description. Accuracy requirements, 
however, are continually increasing 
and precision wire-wound resistors are 
now no longer the rarity that they once 
were. Rivlin, for example, have a 
range of four-terminal resistors cover-
ing 0.001 It to 100 1/ with tolerances of 
0-02% for values above 1 11 and 
0-2% for values below (117). Other 
types range from 1 11 to 3 M12 with 
tolerances from 0-02% to I% and 
power ratings from -1-3 W. 

Erie have introduced the first three 
of a new range of metal oxide high 
stability resistors (118); they are all 
rated at f W at 70 °C and have a mini-
mum value of 51 ff. The M065 and 
MOG65 (ceramic insulated) are avail-
able in values up to 180 I/ and with 
tolerances of 2 per cent and 5 per cent. 
A third type is available with higher 
values but wider tolerances. 

Electrosil are featuring metal oxide 
resistors with values from 10 n to 
470 kn, or in the 1- W type up to 
1 Mi2 (119). Special purpose types 
based upon the standard product but 
with extra processing controls are 
available. 

For further information on specific items 
circle appropriate number on Service Card 
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Automatic Measuring Stop 

for a Hot Saw 

IN hot sawing and shearing operations in a steel works the length to be cut off is decided by the position of 
a stop which arrests the moving piece. 

It is frequently necessary to alter the measured length 
quickly and accurately and the alteration may be one of 
20 ft or more. 
Lamberton & Co. Ltd., of C'oatbridge. has developed 

a measuring stop of multiple head design which is now in 
steel-works operation. Some time ago B.I.S.R.A. decided 
there was a need for a position control system for 
mechanisms such as these and accordingly they developed 
a system. 

In consultation with B.I.S.R.A. and Lamberton & Co.. 
a method of control has been produced by Lancashire 
Dynamo Electronic Products Ltd. 
The stop is designed to measure lengths from 10 to 70 ft. 

It has six stopper heads mounted on a carriage which travels 
parallel to the roller table on wheels. Each head is raised 
and lowered by an individual air cylinder. The travel of 
the carriage need only be the distance between a pair of 
heads, that is 10 ft. It is obtained by a motor-driven screw 
working in a nut mounted on the carriage. 

By selecting the appropriate head and setting the carriage 
in the 10 ft range, any length from 10 to 70 ft can be 
obtained. 
The shock of the moving piece is cushioned by heavy 

springs and is transferred to the foundations through a 
collar on the screw. The screw is turned by an electric 
motor through a reduction gear box. 
The driving motor used is the recently invented Raw-

cliffe 2-speed a.c. motor. This motor enables very accurate 
positioning to be attained. The high speed is used for 
length adjustments over 6 in. Below this only the low 

This shows the digital equipment controlling the (mamma. measuring stop for a hot .vos. 
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speed is necessary. The final approach to the chosen posi-
tion is always made at low motor speed. 
To ensure consistency of stopping, the approach to the 

selected position is always made from the same direction. 
This obtains uniformity of backlash and other clearances 
which otherwise would cause inaccuracy. This means that 
when adjusting in one direction it is necessary to overshoot 
the position and return to it. 
Approach is thus always made at the same speed and 

from the same direction and a consistent accuracy of plus 
or minus À in. has been obtained on test. 
The operating method is to set the required position on 

a rotary switch with an illuminated scale. The start 
button is pressed and no further attention is needed. 
The control equipment works on a digital system, the 

digital value of the required position being set up by the 
selector handle already mentioned. This is compared with 
the actual position of the carriage which is obtained from 
the digitizer operated directly from the moving carriage 
through a steel wire. The digitizer is of an electromagnetic 
type, which eliminates the possibility of trouble with 
contacts or filament bulbs. 
The logic units are of the L.D.E:P. Digital System 

standard transistorized plug-in pattern, which have the 
advantage of ease of servicing coupled with high reliability. 
The digital system is not susceptible to drift. It can 

easily be adapted to work from a computer to ensure 
minimum wastage of steel in cutting to ordered lengths. 
The automatic measuring stop is a fast working and 

accurate machine requiring a minimum of attention from 
an operator and it shows a considerable price advantage 
over other systems. 

For further information circle 120 on Service Card 
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The control console in the back of a 
Ford Anglia about to undergo perfor-
mance testing 

ELECTRONIC CAR PERFORMANCE TESTER 

ONDLX LID, has developed an electronic stop ssaich . 
which enables the Ford Motor Co. to test the performance 
of cars when overtaking. It measures what is called 
'exposure time', the critical period during which an over-
taking car is passing another vehicle, allowing a safe dis-
tance before cutting in. One of the advantages of this equip-
ment is that it is only necessary to use one car for the test. 
The equipment consists of a console. which is basically 

a special electronic counter, a clip-on dashboard indicator 
and a pulse generator, driven by a trailing road-wheel. 
Vehicles are taken at random from the production line and 
are driven at a selected speed. A 'pass distance' appro-
priate to this speed is set on the equipment. The driver is 
given a visual signal from the dashboard indicator at the 
precise moment when he should accelerate hard to simulate 

The road-wheel attachment driving the 
generating unit produces one pulse for 
every inch travelled 
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overtaking conditions. When the pass distance' has been 
reached, he is given a signal to stop accelerating. The 
'exposure time' is indicated on the console. Tests are 
carried out at varying speeds and the results compared with 
the manufacturer's designed performance figures as a 
routine product check. 

'Exposure time' is measured by counting pulses obtained 
from a I kc/s crystal oscillator, which gives a reading 
accurate to + 1 msec. The 'pass distance' is measured by 
counting the pulses generated by the trailing wheel-attach-
ment. Each pulse represents a road distance of I in. A 
bridge network built into the equipment ensures that a test 
does not begin until the appropriate speed is reached. 

For further information circle 34 on Service Card 
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DUALITY 

AND 

TUNNEL DIODES 

(Concluded from p. 393 of April issue) 

i
N the foregoing a.c. analyses of multivibrators, mention 
has been made of the d.c. conditions for astability. 
Bistable, monostable or astable circuits can be achieved 

using the same circuit configuration, but with different 
biasing. The essential features of d.c. bias conditions for 
each type of multivibrator will now be considered. 

D.C. Bias Conditions 

The general d.c. circuit for both single and double in-
ductance is shown in Fig. 34. The V-I characteristic of this 
circuit is shown in Fig. 35, and demonstrates the effect of 
different symmetrical loads. In cases where the load 
resistance is greater than the negative resistance of the tunnel 

This final part of the article 

discusses d.c. bias conditions 

and goes on to explain the 

action of tunnel- diode ring 

counters. It concludes with 

a description of a double-

inductance multivibrator 

operating as a binary 

counter. 

By P. J. LANGLOIS, M.Sc. 

diode, there are three positive slopes where stable equilibrium 
can exist, shown as ' p', 'q', 'r', in Fig. 36. At slope 'p', the 
tunnel diodes are in the '0' condition; at slope 'q', one 
tunnel diode is in the ' I' condition, and at slope 'r', both are 
in the '1' condition. 
From the V-/ characteristics shown, which are all derived 

using JK20A diodes as in Fig. 21, the d.c. state of either type 
of multivibrator can be derived using the loadline technique. 
Fig. 37 shows the loadline 'a' of a current generator in the 
single-inductance case as in Fig. 38, the loadline 'b' of a 
voltage as in the double-inductance case as in Fig. 39. The 
loadline 'c' is for a generator with an internal resistance R. 
The equivalent loaded current or voltage generat& is shown 
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Fig. 37. Load/loes of power supplies 
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Fig. 39. Voltage generator circuit 
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Fig. 41. Monostable circuit using difièrent loads 
(R1> 82) 

V 

Fig. 43. V: I characteristic of Fig. 41 
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Fig. 38. Current generator circuit 

'1 

vvv 

Fig. 40. Monostable circuit using similar loads 
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Fig. 42. V: I characteristic of Fig. 40 
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Fig. 45. Load/inc on tunnel diode 
characteristic 

Fig. 44. D.c. circuit of ring counter 
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by broken lines in Figs. 38 and 39 respectively. The load-
lines can be arranged at will to cross any one, two, or three 
positive slopes, corresponding to one, two or three states of 
equilibrium. 
For an astable multivibrator, the d.c. stable state must 

ensure that both can break down to the '1' condition, if per-
mitted by the reactive components; this means that the 
loadline must cross 'r' only in Fig. 36. The bistable multi-
vibrator must have the tunnel diodes in opposite conditions. 
The loadline must therefore cross slope 'q', Fig. 36. It is 
preferable to have only one intersection (i.e., at 'q') but inter-
section at 'p' or 'r' is possible so long as the reactive com-
ponents prevent operation at `p' or 'r'. This is quite 
practicable. 

In the quantitative analysis of the circuits under discussion, 
the appropriate voltage and current generators are assumed 
perfect, and the example test circuits have as near as possible 
perfect generators. But in many applications it is 
advantageous to have finite generator impedance as in 
Fig. 38. For example, certain bistable circuits theoretically 
operate with current generator supplies with the disadvantage 
of possible relaxation into a state where both are in the 
'1' (r) or the '0' (p) condition. By judicious use of Rg, 
the loadline can be arranged to cut only the slope '44', yet 
still operate in a similar way to the device using a perfect 
generator. This type of circuit can suffer disadvantages in 
its fast switching characteristics. 
Monostable circuits require asymmetry to ensure that 

one of the tunnel diodes has only one stable state. There are 
two possible methods for obtaining monostability as demon-
strated in Figs. 40 and 41. Their corresponding overall 
V—/ characteristics are shown in Figs. 42 and 43 respec-
tively. In both cases TDA will switch to the '1' condition 
first, as the voltage is increased from zero. There is then an 
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Fig. 47. D.c. equivalent 
circuit of counter; tunnel 
diode 'A' in the ' I' condition 

intermediate position where the tunnel diodes are in opposing 
conditions; this is equivalent to slope 'cr, Fig. 36, and marked 
'm' in Figs. 42 and 43. The loadline must intersect 'm' for 
monstable operation. 

Tunnel Diode Ring Counter 

The operation of the ring counter in Fig. 48 was described 
early in this article. Owing to practical difficulties and 
inaccuracies it is very difficult to obtain a precise design 
procedure. This section illustrates the guiding principles 
only for the design of Fig. 46 whose waveforms are shown 
in Fig. 56. 

D.C. Bias Conditions 

Fig. 44 shows the d.c. circuit of the ring counter. Each 
tunnel diode is loaded with its associated resistor R, and 
together can be regarded as one of a string of separate 
circuits fed by a current source as shown. For this operation, 
each tunnel diode must be bistable, and the loadline of each 
resistor must cross the tunnel-diode characteristic at two 
stable points X, Y as in Fig. 45. The load resistance must 
therefore have a value greater than the negative resistance of 
the tunnel diode. 

A.C. Conditions 
Consider a section of a ring counter as shown in the 

equivalent current of Fig. 47, where, with the d.c. bias applied, 
all except tunnel diode TDA are in the '0' condition (RD). 
The d.c. current distribution is as shown, assuming the 
equivalent circuit of Fig. 23. The current in Lza and Lab is 
approximately (1 — All the ordinary diodes, D, are 
backed off. When the current supply is reduced to zero, 
due to a negative current pulse, the tunnel diode TDA reverts 
to the '0' condition. Transient currents exist in the in-
ductances which lead to the equivalent circuit of Fig. 48. 
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Fig. 48. Equivalent circuit 
of counter when negative 
pulse applied 
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Fig. 49. Equivalent circuit of counter 
on resumption of d.c. current supply 

Fig. 50. Variation of net current through 
active tunnel diode in ring counter during 
the negative supply pulse. T -= circuit time 
constant 

Assuming R> R D current due to Lab circulates mainly 
through Rob and Db. If the ordinary diodes have a forward 
resistance of Rp, the current in tunnel diode TDB due to 
Lab decays exponentially with a time constant r1, where 

r, 
RD Rp 

The current due to Lza flows in the diode Db, opposing the 
current due to Lab. Other diodes will be reversed-biased. 
The current due to Lza in tunnel diode TDB decays with a 
time constant r2 

7-2 RD ± Rp R 

The net current due to circulating currents in Lza and Lab 
is then 

(I 6-I/T ) 

Now the aim is to have sufficient current flowing in Rpb at 
the end of the negative current pulse, so that the sum of the 
currents due to Lza and Lab and the d.c. supply through tunnel 
diode TDB is sufficient to switch it. The current due to Lza 

must therefore decay much more quickly than that due to 
Lab. Fig. 50 shows the net current flowing through RDb 
for different ratios of ri/r2, and gives some idea of the maxi-
mum current flow expected. Suppose the maximum current 
flow is 

— Iv) 

where y < I 

For efficient storage of current during the negative pulse, 
y tends towards 1. 
The additional current above the d.c. bias, required to 

switch the tunnel diode over its peak current /p, is 
approximately 

(/,, — /) (see Fig. 45). 

Thus, to switch over tunnel diode TDB 

(I p — n < y(/ — 
/ 1 + (/v//p) 

or (xviii) 
I, 1 + Y 

When the supply has reverted to its d.c. level, and switched 
tunnel diode TDB, Lbr will charge to its d.c. value, and Lab will 
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Fig. 51. Modified inductance histable 
multivibrator 

Fig. 52. Equiralent circuit during difièrentiation 
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discharge and charge in the opposite direction to its d.c. 
value. The equivalent circuit is shown in Fig. 49. These 
changes must be complete before the next negative current 
pulse appears. The current due to Lab will discharge through 
diode Da and load Rti with a time constant 

T3 
R Rp 

The inductance Lb, should in theory charge instantaneously, 
but due to excessive voltage across tunnel diode TDB, the 
equivalent circuit using h, is inaccurate, and will act more like 
the equivalent circuit in Fig. 22. This will slow up charging 
times, but the main charging delay is in r3. 

Fig. 56 shows the waveforms of a ring counter running at 
5 Mc/s, and its pulsed power supply, using the circuit of 
Fig. 46. Backward diodes, a degenerate form of tunnel 
diode, were used as the rectifier diodes. 

Binary Counter using a Double-Inductance 
Multivibrator 

The ring counter example demonstrates how the rectifier 
diodes are unsuited for unidirectional information flow in 
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tunnel-diode circuits, mainly due to low working voltages. 
Some other form of unidirectional operation must be used. 
Fig. 36 shows the overall d.c. characteristic of the circuit 
of Fig. 34 discussed earlier. Now the loadline of the 
generator can be made to cut the slope 'q' at the point `qx'. 
Suppose the loadline passes through 'cix' which is just below 
the peak threshold. If the effective power supply is increased 
instantaneously by a small amount, the load is shifted up-
wards so that both the tunnel diodes are temporarily in the 
'I' condition. In either multivibrator, this would cause 
triggering action. If the effective power supply were to be 
reduced by the same small amount, the loadline would merely 
move down the slope In this way, only positive pulses 
can be allowed to trigger a multivibrator. 

Fig. 51 shows a coupling circuit and a modified form of 
double inductance multivibrator. The multivibrator is 
biased to the point `qx' on the characteristic in Fig. 36. 
The voltage generator has been replaced by a current generator 
and a low value bypass resistor Rb. Re is a resistor coupling 
the square-wave source V to the multivibrator circuit. An 
inductance La is used for differentiating the square-wave V. 
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Fig. 56. Four-stage ring counter waveforms 
(see Fig. 46) 
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fig. 55. Current in tunnel diode in double-
inductance multivibrator 
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Fig. 57. Voltage waveforms of three-stage 
binary counter with 3 Mc/s input (see Fig. 53) 

If Ld is much less than L, then the a.c. equivalent circuit 
during differentiation is as in Fig. 52 for positive pulses, and 
has an overall characteristic of form shown in Fig. 36. With 
suitable values of V and Re, during differentiation, the tunnel 
diodes will both be in the '1' condition, and the multivibrator 
will be triggered. By adjustment of `qx' and Re (and also V, 
if this is not fixed) the circuit can be arranged to trigger only 
on positive-going pulses. 
A binary counter made of elements as in Fig. 51 is shown in 

Fig. 53. Waveforms of a three-stage binary are shown in 

SOLID-STATE TOTALIZER 

A completely solid-state totalizer designed to provide 
a highly reliable and accurate summation system for bill-
ing, data logging or telemetering in a wide variety of 
industries is now available from International General 
Electric overseas marketing division of U.S. General 

Electric. 
The first of a range of GE called Pulscript' (Pulse Count. 

Read, Integrate, Print, Totalize), the new totalizer, type 
SST- 1, is intended to link several measuring devices with 
associated recording or billing equipment. It is designed 
to meet the accuracy of electronic data loggers and digital 
computers with which it may be used. 

Signals fed into the SST-1 originate with commercial 
contact-making devices, such as meters or production 
counters, that measure quantities like kilowatt-hours, cubic 
feet of gas, gallons of water, feet of wire, paper or steel. 
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Fig. 57. The counting rate shown is about 3 Mc/s to give 
a clear waveform, but a rate of 10 Mc/s has been attained. 
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The SST-1 receives, integrates and transmits the total or 
net amount of like impulses generated by these devices to 
any one of a combination of the following: computer, data 
logger, telemetering equipment, printing demand meter, a 
mechanical-type totalizer, or another solid-state totalizer. 
Depending upon the needs of the system, the SST-1 can 

count, add, subtract, or divide. The number of pulses it 
can deliver is restricted only by the end device used. 

If an input-output ratio is employed—where a given 
number of input pulses equals one output pulse—the SST-1 
can receive pulses several times faster than the outgoing 
pulse. A broad selection of input-output or 'divide by' 
radios is available, from 1 : 1 to 16 : 1. 
The SST-1 will take from 3 to 16 channels and is com-

patible with all three-wire contact devices. 
For further information circle 35 on Service Card 
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A
N optical-electronic system 
designed to present flight infor-
mation in the form of a light 

pattern within an aircraft pilot's nor-
mal 'head-up' field of vision has been 
demonstrated by Specto Avionics. 
The illuminated display is presented 

via a cathode-ray tube on a part-
silvered mirror and to the pilot appears 
superimposed on his view of the out-
side world, seen through the wind-
screen. The display is focused to 
appear at infinity so that there is no 
visual conflict between the display and 
the outside world. 
The information that the pilot 

desires, such as flight director and 
command data or situation information 
together with an artificial horizon, can 
be selected by the operation of a rotary 
switch. 

In addition, the pilot can adjust the 
brightness of the display to give the 
desired contrast with the view ahead. 
Thereafter, the same contrast is auto-
matically maintained even when the 
brightness of the view changes. 

Since the display is achieved by digi-
tal techniques any type of image can be 
presented including bars or lines. 
circles, figures and letters. These may 
represent such information as altitude, 
roll, attitudes, airspeed, distance-to-go, 
etc. Providing there is a transducer 
available which gives an electrical out-
put proportional to the parameter to be 
displayed, and there usually is, the 
waveform generator associated with 
the cathode-ray tube will convert this 
electrical signal into a form suitable for 
the head-up display. 
The equipment is transistorized and 

in three units which together weigh 
301 lb. 
For further information circle 36 on Service Card 

The pilot's display unit showing the reflector, 
lens and c.r.t. mount 
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An artist's impression of a typical head-up display 
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SPECTOCOM' 

HEAD-UP DISPLAY 

This shows the transistorized waveform generator 
with the cover removed 
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1. Stable Oscillator 
This oscillator, originally designed as 
the primary frequency control in a 
frequency synthesizer drive unit for 
the Marconi range of broadband 
linear amplifiers, gives an output of 
5 Mc is accurate to 3 parts in 108 from 
all causes, with a long term ageing rate 
of better than 5 parts in 108 per month, 
between the ambient temperature 
limits of — 15 °C and + 55 °C. At a 
constant ambient temperature the short 
term stability is as high as 1 part in 108. 
The power requirements are: 26.5 V 
d.c. 0.2 V at 100 mA after the initial 
warming-up period, although the 
starting current may rise to 500 mA. 
The device consists of a silicon 

transistor crystal oscillator and 
associated buffer amplifier, enclosed in 
a miniature oven to form a complete 
plug-in sub- unit. This oven incor-
porates a proportional system of tem-
perature control, using a thermistor as 
the temperature sensing element. This 
is coupled through a d.c. amplifier to a 
power transistor which directly con-
trols the heater current, reducing it 
gradually as the oven approaches the 
working temperature. In this way. 
cyclic variations due to overshooting 
are completely eliminated. This con-
trol maintains the oven temperature 
very accurately at about 75 C. 
The entire system is contained in a 

cylindrical case 2-5 in. in diameter and 
4.25 in. long. This size is increased 
by a fine tuning screw at the top, 
which adds 0.5 in. to the length. All 
connections are made through an 
octal type valve base in the lower end. 
—Marconi's Wireless Telegraph Co. 
Ltd.. Marconi House, Chelmsford. 
Essex. 
For further information circle I on Service Card 

2. Automatic Earth Lead Tester 
In addition to their standard port-
able earth lead tester, M. L. Aviation 
now offer a completely automatic. 
restricted current unit, which tests, 
under overload conditions, the con-
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tin uity and current carrying capacity 
of the earth circuit on electrical tools, 
appliances and instruments. Based on 
the requirements of B.S. specification 
2769, it will reject any unit which has 
an earth circuit resistance in excess of 
0-25 t. 
The most important feature of the 

tester is the limitation of the pulse 
current to a maximum of 32 A on 
dead short circuit, thereby preventing 
unnecessary damage to equipment 
with earth circuits of exceptionally low 
resistance. Pulse current through a 
0-25 12 circuit is 24 A. 
The instrument is designed primarily 

for integration in production lines. 
The test sequence is initiated by a press 
button and thereafter is entirely auto-
matic. An initial check for continuity 
is followed by a pulsed current for a 
duration of 5 sec which is again fol-
lowed by a further continuity check. 
Satisfactory completion of these tests 

is indicated by a green lamp, after 
which the equipment under test can 
be operated. Failure of any part of 
the test sequence is indicated by an 
amber lamp and an interlock prevents 
the operation of the equipment. This 
interlock can be connected via the 
customer's own voltage selection panel 
to enable the operational test to be 
run on any selected voltage. Time 
cycle for the complete test sequence 
is 9 sec. 
The complete tester is mounted on 

a standard 19-in, panel and is intended 
for operation from 200-240 V, 
50-60 c/s mains.—M. L. Aviation Co. 
Ltd.. White Waltham, Maidenhead. 
Berks. 
For further Information circle 2 on Service Card 

3. Long-Life Digitizer 
Designed originally to meet an 
Admiralty specification, the D.1 digi-
tizer by Digitizer Techniques offers a 
number of advantages over flush 
bonded foil types. 
The rotor comprises a number of 

phosphor-bronze rings segmented on 
their periphery and electrically con-
nected. The complete rotor assembly 
takes the form of a hollow cylinder 
closed at each end and mounted on a 
stainless steel shaft. Insulation be-
tween individual segments is effected 
by means of epoxy resin of similar 
wear characteristics to that of the 
phosphor bronze rings. The contacts 
mounted in the casing take the form 
of beryllium copper spring strips. the 
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contact areas of which are suitably 
contoured and which can easily he 
replaced. 

This form of construction allows 
special codings to be incorporated 
without the penalty of high tooling 
costs and the substantial segments give 
the D.1 digitizer a long working life. 
The illustration shows the unit with 
the rotor removed from the casing.— 
Digitizer Techniques Ltd., Watts Lane. 
Teddington • Middlesex. 
For further information circle 3 on Service Card 

4. Transistorized Portable Tachometer 
E. K. Electronics are producing a 
relatively inexpensi‘e transistorized 
portable tachometer suitable for 
garage and general industrial use. 
The circuit consists of a monostable 

pair preceded by a high-gain two-stage 
amplifier which :s fed by a shaping 
network and twin-screened input for 
transducer operation. Vehicle checks 
are carried out via a single socket, the 
unit being switched on by the action 
of plugging in the jack. 
A feature of this instrument is its 

high accuracy:—+ f.s.d. on all five 
ranges, covering 2.500 to 250,000 r.p.m. 
The dimensions are 7 by 5 by 31 in. 
and the weight is 41- lb. Price: 
£23 19s.. including magnetic trans-
ducer and 12 V battery.—E. K. Elec-
tronics (Industrial Amplifiers) Ltd.. 
Brotherton, Knottingley, Yorks. 
For further information circle 4 on Service Card 

5. Level Gauge 
A portable. battery-powered gauge. 
using a radioisotope, has been 
developed by Panax for the determina-
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tion of fluid levels in sealed pipes or 
cylinders. It has proved to be par-
ticularly suitable for assessing the 
contents of liquid CO, fire extin-
guishers, although any liquid, or gas 
that liquefies under pressure, can be 
measured in this way. The device 
does not come into contact with the 
fluid at any time. Cylinders or pipes 
up to 10 in. in diameter can be 
accommodated by the standard probe. 
Other probes can be supplied for 
larger containers. 
The isotope, caesium 137. has a 

useful life of 30 years and at the 
strength employed it is completely 
harmless to personnel. This exempts 
the gauge from the provisions of the 
Special Regulations for Factories 
(Ionizing Radiations), 1961. 
The instrument, known as the level 

gauge type TM64L, is in two parts: 
a lightweight two-armed probe con-
taining the radioactive source one 
arm and a geiger counter in the other. 
and an indicator unit. The indicator 
shows the radiation strength which is 
heav:ly reduced by the presence of 
fluid between the source and the 
detector. Using this method the level 
can be found very quickly and to 
within 1 in.— Panax Equipment Ltd., 
Holmethorpe Industrial Estate, Red-
hill. Surrey. 
For furthe. information circle 5 on Service Card 

6. Stabilizer Unit 
The first of a Philips range of 
stabilized power-supply units has been 
announced. Intended for use with 
transistorized equipment, it has a 
maximum output current rating of 1 A 
and the voltage is continuously adjust-

able over five ranges from 0 to 35 V. 
With line voltage variations of 10% 

the maximum change in output is well 
within 01 7„. Hum is less than 1 mV 
and output resistance is 04)2 it. A 
recovery time of 01 msec is quoted, 
with a step load variation from no load 
to full load or vice versa. Output is 
floating and either positive or negative 
may be connected to the earth terminal 
provided. 
The unit is fitted with separate volt-

age and current output meters. and 
relay overload protection. The type 
number is PE 4805 /00.—Research and 
Control Instruments Ltd., Instrument 
House, 207 King's Cross Road. 
London, W.C.1. 

For further information circle 6 on Service Card 

7. Six- Channel Converter 
The six- channel frequency, d.c. con-
verter recently introduced by Meter-
Flow works with a wide range of free 
impeller type flowmeters and may also 
be used as a tachometer in conjunction 
with a magnetic pick-up. 
The converter units are transistor-

ized, and each channel is totally 
isolated, having three ranges, 0-5. 1, 
and 2 kc/s, with two outputs to each 
range of 0-1 V. 1 rnA and 0-100 mV. 
Both channels haste individual gain 
control. Each unit is also fitted with 
a crystal-stabilized oscillator which 
can be switched into any of the 
channels in order to check the calibra-
tion, the oscillator frequencies being 
500 and 1,000 c/s. 
The equipment is housed in a 

standard 19 in. rack and is 54 in. deep. 
The input connections are by means 
of individual plugs and sockets, while 
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both outputs are taken through two 
12-channel plug and socket connec-
tions. — Meter-Flow Ltd., North 
Feltham Trading Estate, Felt ham, 
Middlesex. 
For further Information circle 7 on Service Card 

8. Medium Power Tetrode 
The 4C'X350A is the latest addition 
to the Eimac family of medium power 
tetrodes. It has improved perform-
ance characteristics compared to the 
4X150 and 4CX250 types and is meant 
to supersede these in most new equip-
ment designs. 
The 4CX350A has increased cathode 

area and higher amplification factor 
which result in higher mutual con-
ductance and an improved figure of 
merit. It has an anode dissipation of 
350 watts. Heater voltage is 6.3; a 
26-5 V version, the 4CX350F, is also 
available.—Walmore Electronics Ltd., 
11-15 Betterton Street, Drury Lane, 
London, W .C.2. 
For further information circle 8 on Service Card 

9. Plug-in Standard Module Unit 
Keyswitch Relays have announced 
the P33 plug-in standard module unit. 
This unit is the P33 plug-in component 
carrying not a relay but instead, either 
a circuit mounting board or a mount-
ing bracket. This will enable engi-
neers to put circuits and small 
components into plug-in form with a 
minimum expenditure of time and 
effort. It will also provide a ready 
made module for the design of equip-
ment where circuits are duplicated 
many times over. 

In the event of circuit failure in a 
standard plug-in system, the status 
quo can of course be restored by a 
simple 'replace and repair later' tech-
nique. — Keyswitch Relays Ltd., 
120-132 Cricklewood Lane, London, 
N.W .2. 
For further information circle 9 on Service Card 

10. F.M./A.M. Signal Generator 
The Advance signal generator type 
SG63D provides frequency or ampli-
tude modulated signals over a continu-
ally variable frequency range from 
4.0 to 230 Mc/s. The instrument has 
been designed primarily for use by 
radio and television service engineers, 
but its performance makes it suitable 
for development work in an electronics 
laboratory or in the field. 
A directly calibrated frequency dial. 

with slow-motion drive, provides a 
tuning accuracy of +1% and an 
internal oscillator provides spot 
calibration checks at 5 Mc/s intervals 
to an accuracy of 0.03%. The output 
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signal can be frequency modulated 
internally at fixed frequency and 
deviation, or at the supply frequency 
with variable deviation of 0 to + 200 
kc/s. External modulating signals 
may also be used. Amplitude modula-
tion is achieved internally to a depth 
of 30% at 1,000 c/s. 
The output level is continuously 

variable from 1 eLV to 100 mV. R.F. 
leakage is kept to a low level by triple 
screening of the oscillator circuits.— 
Advance Components Ltd., Roebuck 
Road, Hainault, Ilford, Essex. 
For further information circle 10:on Service Card 

11. Kilo-Dial Analogue Indicator 
The series 400 10-turn Kilo-Dial by 
Kynmore Engineering is an analogue 
indicator, 1 in. deep by 1 in. diameter, 
with standard versions suitable for 
0-25, 0-125 and 0-0935 in. diameter 
shafts. (The series 500 single-turn 
dials match the series 400 in appear-
ance and dimensions.) 

Shaft extension beyond the face of 
the panel should be between 0-6 and 
0-8 in. Bushing extension of the 
potentiometer etc. beyond the face 
of the panel should not exceed 0-3 in. 
for all models. A shaft lock can be 
supplied if required. 
The illustration shows a fitting for 

a in. diameter, 10-turn potentiometer. 
—Kynmore Engineering Co. Ltd.. 19 
Buckingham Street, London, W .C.2. 
For further information circle I I on Service Card 

12. The ' Staticontroller' 
AME( 0 have introduced a range 
of moderately priced variable speed 
drives from 1 to 10 h.p. designed to 
give stepless speed control against 
constant torque. They may also be 
used to solve any control problem 
requiring a variable d.c. output. 
One or two phases of a standard 

3-phase supply are fed to a double-
wound transformer via a push-button 
controlled contactor and two h.r.c. 
fuses. The secondary of this trans-
former feeds two full-wave rectifier 
bridges, one composed of silicon 
diodes, the other of s.c.rs. From 
the silicon diode bridge is obtained 
the fixed voltage d.c. supply for the 
motor field, while the s.c.r. bridge 
supplies the variable d.c. voltage for 
the motor armature. Control of the 
s.c.r. bridge is by a pulse firing cir-
cuit arranged on a plug-in board using 
the armature feedback voltage as a 
reference to give accurate control of 
the output voltage. 
The output from the Staticontroller' 

is suitable for the control of a standard 
110 V, separately excited, shunt wound 
d.c. motor. Regulation will be 
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dependent largely on the motor used 
but should be in the order of + 21% 
using the armature feedback system. 
This can be considerably improved by 
the use of a tacho-generator feedback 
system. The illustration shows a 5 h.p. 
1,500/150 r.p.m. drive unit.—Albert 
Mann Engineering Co. Ltd., Basildon. 
Essex. 
For further information circle 12 on Service Card 

13. Carbon Pile Voltage Regulators 
With the announcement that the 
1,000 W type NR4/4/2 voltage 
regulator is now in production, 
Newton Brothers (Derby) Ltd., are 
able to offer a complete range of 
automatic carbon pile voltage regu-
lators. This range, which covers pile 
dissipations up to 1.000 W, is suitable 
for generators and alternators up to 
20 MW and larger. 
With these regulators a speed of 

response of 80/120 msec with full 
stabilization can be obtained, together 
with a regulation of + 2%. Where 
closer tolerance than this is required, 
a transistorized amplifier can be 
added, giving a regulation of + 0-5%. 
—Newton Brothers (Derby) Ltd. 
Alf reton Road, Derby. 
For further information circle IS on Service Card 

14. Miniature D.C. Power Supply 
Lan-Elec have announced the first 
of a range of miniature d.c. power 
supply units. 
These units have been designed for 

industrial and educational applications 
and are fully transistorized. A feature 
of the unit is its small size (41 by 31 
by 21 in.) in relation to its output (con-
tinuously variable from 7-5 to 12 V at 
0-5 A). The manufacturers state that 
two units may be connected in series 
to give an output of 15 to 24 V at 
0-5 A. The input is suitable for 200 
to 250 V, 50 to 400 c/s. 

Stability is said to be 1,000 : 1 for 
variations of + 10% and output 
resistance not more than 60 mn. The 
price is £18.—Lan-Elec Ltd.. 97 Farn-
ham Road. Slough, Bucks. 
For further information circle 14 on Service Card 

15. High Vacuum Units 
Bir-Vac have announced a compre-
hensive range of high vacuum equip-
ment under the name 'Ton Plan'. 
The instrumented pumping unit, 

available in six sizes, provides pump-
ing speeds ranging from 7 to 900 
litres/sec (baffled). Control can be 
automatic, semi-automatic or manual, 
and the ultimate vacuum is better than 
10 -5 torr. 
Extra self-contained assemblies 

14 
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allow the equipment to be readily 
converted from one role to another: 
an evaporation unit, for example, can 
become a straightforward pumping 
set, a vacuum furnace or an electron 
beam unit within a matter of minutes. 
The photograph shows a standard 

pumping unit to which has been 
added a stainless steel chamber, an 
electron gun, a power supply console 
and other equipment needed for 
electron beam work. — Bir-Vac Ltd., 
Swindon Road, Cheltenham, Glos 

For further information circle 15 on Service Card 

16. Ultrasonic Flaw Detector 
An improved version of the Sona-
test TE/ 2 ultrasonic flaw detector has 
.been announced which combines in 
one compact unit cathode-ray tube 
indication and an automatic flaw 
alarm monitor. 
When the instrument is used in the 

conventional manner, echoes are 
observed on its five-inch diameter flat-
faced cathode-ray tube. When used 
for repetitive or automatic testing. 
however, advantage may be taken of 
the built-in transistorized flaw monitor. 
With the controls correctly pre-set, the 
presence of a flaw is indicated by the 
illumination of a signal lamp at the top 
of the panel and, if required, by an 
external alarm. 

Accurate thickness measurements 
may be made with the aid of the 
monitor: the thickness is read directly 
from a scale which is calibrated in 
0-001- in. divisions. A further impor-
tant innovation is a weld zone marker 
which makes for easier and more 
accurate location of defects. 
The gain of 1,000,000 and bandwidth 

of 1 to 15 Mc/s, in conjunction with 
special probes, enables micro-cracking 
and small inclusions to be located. 
Price of the TE / 2A is £750.—Researeli 
and Control Instruments Ltd., Instru-
ment House. 207 King's Cross Road, 
London. W.C.1. 
For further information circle 16 on Service Card 

17. Process Controller 
Albert Mann has produced a versatile 
process control system intended to 
bridge the gap between conventional 
relay control schemes and complex 
programming which calls for com-
puter techniques. 
This controller can be actuated by 

any logic signal however derived, and 
the basic units can be engineered for 
up to 49 sequenced steps with up to 
5 outputs per step. Each step is 
capable of switching A at 250 V a.c. 
or 10 mA at 300 V d.c. Units may 
be combined to give multiplication or 
addition functions. 
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The timed steps are integral, with 
continuous adjustment in the ranges 

sec to 60 sec per step and + min to 
60 min per step; these times can be 
extended if required. Each step has 
an indicator light to show when it is in 
operation. 

Switching can be provided to stop 
the sequence at any given point and 
restart from that point, and/or reset 
to step 1 from any position. Units 
are available using either continuous 
charging rate capacitor control 
(uniselector operated), or digital static 
switching devices. — Albert Mann 
Engineering Co. Ltd., Basildon Indus-
trial Estate. Essex. 
For further information circle 17 on Service Card 

18. Relay Retainer 
Electrothermal Engineering have 
added a new item to their range of 
valve and component retainers. 
Type VRA 59 comprises a metal 

cap, shaped to fit the domed top of 
many British and American valve 
based, canned relays having diameters 
not exceeding EA in. The cap is 

tensioned by springs of various lengths 
to suit different seated heights.— 
Electrothermal Engineering Lid.. 270 
Neville Road, London, E.7. 
For further information circle 18 on Service Card 

19. High Speed Digital Printer 
The 500 series DEAN ( Digital Elec-
tronic Alpha-Numerical) printers by 
Hull Instruments are high speed digital 
readout devices which combine rapid 
printout with serial character input 
making them useful in many areas of 
data processing. 
The printout rate, of more than 

9.000 lines per minute, is compatible 
with many computer processing rates. 
thus removing the need for inter-
mediate buffer storage. Printout 
cycle in the read—compute—print 
sequence is substantially reduced. 
thereby allowing more computation 
time. 
The DEAN printers use a digital 

generator to form and position char-
acters on the face of a cathode-ray 
tube. The c.r.t. image is projected 
on to photo-sensitive paper with a fibre 
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optic bundle. After the paper is 
exposed it moves over a heated platen. 
where it is developed and fixed. Forty-
four columns can be printed on the 
6 in. paper width. 
The basic cost of the printer is 

£,590, excluding import duty; 
delivery 12 weeks.—Scientific Furnish-
ings Ltd.. Poytm pn . Cheshire. 

For further information circle 19 on Service Carl 

20. Key Pushbutton Switch 
Introduced by Shawford Control 
Gear is a 'Cema' pushbutton incor-
porating an internal lock that enables 
the switch to be secured in either the 
pushed or the released position. The 
unit comprises a chromium plated 
actuator operating on a single-. 2-, 3-
or 4-pole contact block. 
The key (a duplicate is provided) 

can be withdrawn in the pushed or 
released positions, or both, in accord-
ance with users requirements.— 
Shawford Control Gear Co. Ltd.. 715 
Tudor Estate. Abbey Road. Park 
Royal. London. \:. W.10. 

For further information ci-cle 20 on Service Card 
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21. Microminiature Ceramic Capacitor 
Vitramon is now marketing the range 
of `VK' ceramic capacitors which 
utilize a closely controlled barium 
Iitanate dielectric. Temperature char-
acteristics, voltage coefficient and 
ageing properties hold the capacitance 
change under all rated conditions to 
less than +25% to —40%. 
`VK' capacitors are available from 

stock at preferred values from 10 pF 
to 0.01,,,F (with + 10 '„ tolerance). 
200 V d.c.wkg..and are suitable for use 
up to 125 C. These units are supplied 
with radial leads spaced at 0-2 in. for 
printed circuit applications. Standard 
dimensions are 0-3 by 0.3 by 01 in.; 
for capacitance values less than 
1.000 pF, a smaller case size of 0-2 by 
0-2 by 01 in. is offered. — Vitramon 
Laboratories Ltd.. 45 Holloway Lane. 
Harmondsworth. Middlesex. 
For further information circle 21 on Service Card 

22. New D.C. Amplifier 
Evershed and Vignoles announce the 
introduction of the series 500 d.c. 

amplifier for use in a wide variety of 
roles, particularly in the process-
control field. 

Solid-state circuits are used through-
out for reliability and minimum main-
tenance, the circuits being grouped on 
to easily- replaceable printed-circuit 
boards. Other points of interest: 
high open-loop gain ensures that sub-
stitution can be made of the amplifier 
or any of its boards without re-setting 
the feedback circuits; overall gain and 
individual gains are fully stabilized; 
standby mains or d.c. supplies can be 
used without regulation. 
Output current is 0 to 10 mA into a 

2-kI2 maximum load and the input 
voltage for It) mA output is 1 mV. 
Linearity error is less than 0-1":..— 
Evershed and Vignoles Ltd.. Acton 
Lane. Chiswick. London W.4. 
For further information circle 22 on Service Card 

23. 10-line Automatic Exchange 
A compact, self-contained 10-line 
private automatic exchange designed 
to provide comprehensive intercom-
munication facilities for the smaller 
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industrial and commercial organiza-
tion has been introduced by T.M.C. 
The basic equipment, which has a 

built-in power pack for 200 to 250 V 
or 100 to 125 V, 50 or 60 c/s mains. 
is supplied in a wall-mounting metal 
case measuring only 14 by 10 by 7 in. 
Features include single digit dialling, 
secrecy of conversation, transistorized 
ringing and tone unit, and a facility for 
one master extension to make prefer-
ence calls. 
Normal telephone instruments with 

dials are used and only two line wires 
are required from the exchange to each 
extension telephone. The equipment is 
designed to work with a maximum 
loop resistance of 650 t1 and, if neces-
sary, may be operated directly from 
a 50-V d.c. supply, the maximum 
current being approximately 350 mA. 
The total weight of the exchange unit 
is approximately 37 lb. — Telephone 
Manufacturing Co. Lid. (Telephone 
Equipment Division), Martell Road, 
West Dulwich, London, S.E.21. 
For further information circle 23 on Service Card 

24. Blue-White Light Stroboscope 
A blue-white light stroboscope has 
been introduced by Dukes & Briggs. 
which provides an output of variable 
frequency which is amplified to give 
pulses of several kilovolts to trigger off 
the flash tube. The flash tube is a 
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'U' shaped source giving a brilliant 
blue-white xenon flash. 
The entire unit is compact and 

portable so that it may be held in the 
hand close to any part of a machine 
which is being examined. Its range 
is from 600 to 7,200 flashes per 
minute and the supply source required 
is 25 W. 110/250 V. 50-60 c/s. The 
overall size is only 141 by 8 by 81 in. 
and the total weight 8 lb. Price £45. 
—Dukes and Briggs Ltd., Approach 
Road, Urmston, Manchester. 
For further information circle 24 on Service Card 

25. Rugged Tape Recorder 
The Specto Avionics contra- rotating-
flywheel tape recorder has been 
designed to withstand very high impact 
forces and to operate accurately in 
any position or sequence of positions. 
Speed variations due to environ-

mental changes are reduced by the 
use of high speed motors and special 
gear boxes to drive both flywheel and 
tape; those due to gyroscopic forces 
are minimized by using a contra-
rotating flywheel. 
The normal spool will accommodate 

2,400 ft of 1-mm base tape, which will 
play for 6 hr at a tape speed of 
11 in./sec. To keep the deck area to 
a minimum (8 x 9 in.) the two spools 
are placed one above the other on a 
concentric shaft system ; 1- in. tape 
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with a 8-track head is normally used. 
but other widths and track capabilities 
can be accommodated with little 
modification. Power requirements 
are normally 200 V, 400 c/s, 3- phase; 
40 W. The operating temperature 
range is — 55 to + 100 °C. 
By the use of a system of plug-in 

units the standard model can use either 
pulse code modulation or pulse ratio 
modulation or both at the same time. 
thus catering for 7 signals at 1 kc/s 
up to 112 signals at 6 c;s per in./sec 
of tape speed.--Specto Avionics Ltd.. 
Han worth Air Park, Feltham. 
Middlesex. 
For further information circle 25 on Service Card 

26. Photo- Electric Control 
Herga Electric announce the 578 Mk 2 
photo-electric control, which is sup-
plied complete with miniature lamp 
source and receiver unit for £9 15s. 
The circuit permits light or darkness 
energization locking facilities and 
arrangements for multiple cell opera-
tion. The control box measures 
approximately 51 X 6 x 51 in. 
For simple ON/OFF applications 

2 changeover contacts rated at 6 A 
415 V a.c. are available. The unit 
operates from a 240 V a.c. supply and 
full isolation of all components is pro-
vided. The miniature lamp source 
and receiver are suitable for an 
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approximate throw of 5 ft in average 
ambient daylight and the response time 
is better than 140 msec. For a longer 
throw a more powerful lamp unit and 
head are available. 
The illustration shows a lamp source 

and receiver with a typical Mk I 
control unit including a batch counter 
with internal manual reset and time 
delay, fitted to a machine. — Herga 
Electric Ltd., Wallingford Road. 
Uxbridge. Middlesex. 
For further information circle 28 on Service Card 

27. Silicon Rectifiers 
Sarkes Tarzian series B hermetically-
sealed silicon rectifiers have a 1-6-A 
basic rating and provide 3-2 A in full-
wave single-phase, 4 A in three-phase. 
and 8 A in six-phase connections; 100 
to 600 V recurrent peak reverse 
voltage. 

Pigtail lead mounting simplifies 
connection in any configuration and 
full rating is achieved without external 
cooling. Use of cooling fins, if 
desired, can extend the current range 
considerably. Type B silicon rectifiers 
can be connected to cooling fins by 
drilling holes to accept the body and 
clamping with an internal tooth 
fastener.—Ad. Auriema Ltd.. 414 Chis-
wick High Road, London, W.4. 
For further information circle 27 on Service Card 

28. Pigmy Lampholder 
Arcolectric have announced the B.C. 
signal lampholder type S.L.100 
designed to accept 15 watt pigmy 
lamps in voltages from 260 V down 
to 25 V. 
The lens is shallow and its appear-

ance blends well with modern panel 
layouts. Concentric rings on the 
inside help to ensure that a good signal 
is obtained through a full 180°. The 
polycarbonate lens is virtually un-
breakable and will resist temperatures 
as high as 140 °C without discolora-
tion or distortion. Colours available 
are red, green, amber and blue; an 
opal lens can also be supplied. 

Several different types of holder are 
available: the standard version 
(illustrated) is in brass and porcelain. 
List price 21s; separate lenses 2s 3d 
each. — Arcolectric Switches Ltd.. 
Central Avenue, West Molesey. Surrey. 
For further information circle 28 on Service Card 

29. Paper Punch Drive Unit 
The latest addition to the range of 
digital equipment produced and 
marketed by Digital Measurements is 
the DM5021 punch drive unit, designed 
for maximum flexibility of codes and 
input sources. 
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The DM5021 is used to couple data 
sources, such as digital voltmeters, 
counters, computer registers, etc., to 
almost any type of sychronous or 
non-synchronous, high or low speed, 
paper tape punch. 
By adopting modular construction, 

any decade group may be equipped to 
handle codes other than decimal; i.e., 
radix less than 10. Matrix boards 
wired to any specified code are incor-
porated to order, and blank boards are 
available for adaptation by the user to 
meet alternative code requirements. 

.An important feature of the instru-
ment is the word length (up to 16 char-
acters per word cycle) and the facility 
with which word length and format 
can be changed by means of a built-in 
patch board. Character punching 
speed is limited only by the type of 
paper punch used, e.g. 110 characters/ 
sec with Teletype BRPE110 or 33 char-
acters/sec with Creed 25. — Digital 
Measurements Ltd.. 25 Salisbury 
Grove. Mytchett. Aldershot, Hants. 
For further information circle 29 on Service Card 

30. Improved Rectifier Stacks 
The range of medium power silicon 
rectifier stacks made by International 
Rectifier has been re-designed. The 
new stacks, which consist of lop-
hat' rectifiers SD or SD/A mounted 
on copper cooling fins, have been 
made smaller by incorporating tinned 
terminations on the fins themselves. 
instead of using separate terminal 
plates. 

At the same time, a new method has 

been developed for mounting the 
diodes which enables the fins to be 
mounted closer together. 
The stacks are available in half-

wave single-phase bridge and three-
phase bridge assemblies. They are 
rated from 2 to 5-6 A, 100 to 1,000 
V p.i., and have dimensions ranging 
from 2 by 2 by 2 in. to 2 by 2 by 4-6 in.. 
including fixing brackets. — Inter-
national Rectifier Company (Great 
Britain) Ltd., Hurst Green, Oxted. 
Surrey. 

For further information circle 30 on Service Card 

31. Isolated Sockets 
The Sealectoboard cordless pro-
gramming system is based on a 2-plane 
It- in. matrix pin-board with continuous 
socket strips on each plane. 
Some circuit arrangements however 

are prone to output-to- input feedback. 
but this can now be eliminated by the 
substitution, on the lower plane of the 
Sealectoboard, of a single isolated 
socket for the socket strips, thus 
enabling series diodes to be interposed 
at each matrix point. 

Mounting of the diodes is facilitated 
by the provision of turret lugs at each 
end of the rows of isolated sockets, 
between each pair of which a heavy 
gauge wire bus-bar can be run. 

In applications where there are no 
feedback problems, the use of isolated 
sockets and turret lugs can provide 
greater flexibility.—Sealectro Corpora-
tion, Hers/tam Factory Estate, Walton-
on-Thames, Surrey. 
For further information circle 31 on Service Card 
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AUTOMATIC 

NOISE 

SPECTRUM 

ANALYSER 

A DEMONSTRATION of the automatic noise spectrum 
analyser PZ1128 was recently given at the Farnborough head-
quarters of The Solartron Electronic Group Ltd. 
The instrument has been designed to analyse complex noise 

signals and to present a visual display of the component signal 
frequencies and their amplitudes. The display takes the form 
of a histogram or frequency spectrum presented on a cathode-
ray tube. On command, the equipment will print out ihe 
display in a bar-graph form on a card. Fig. 1 is a repro-
duction of one of the cards. The frequency range of the 
instrument is 1 cis to 10 kc/s. 
The design approach of the analyser is the classic one of 

providing a parallel bank of filters, in this case 35 in number, 
each of which is followed by a linear rectifier of wide dynamic 
range. The rectifiers have two outputs of different storage 
time-constants. One set of 35 outputs is scanned at the rate 
of 2,000 channels per second to drive the c.r.t. display, and 
the other set is scanned at about 50 channels per second, under 
the control of the printer. 
These high and low-speed commutated outputs are fed to 

logarithmic amplifiers, having a dynamic range of about 
50 dB. The output of the amplifier in the high speed circuit 
is compared with a signal proportional to the vertical deflec-
tion current of the c.r.t.. and when they are equal the c.r.t. 

o 

10 

-20 

- 30 

40 

SERIAL No  RESPONSE  

o  

The complete 
analyser 

beam current is switched; thus a line is drawn whose length 
is proportional to the logarithm of the input signal. 
The output of each stage of the low-speed logarithmic 

amplifiers is applied to a series of comparators having bias 
levels graded in steps of 2 dB. The outputs of these com-
parators operate the printer type hammers to print a line 
composed of up to 20 dashes each of length equivalent to a 
2 dB increase in signal. Stepping of the low-speed commutator 
is synchronized with the movement of the card under the type 
hammers so that the print-out consists of 35 parallel lines 
each of length proportional to the logarithm of amplitude 
in the corresponding channel. The presentation is therefore 
similar to that of the c.r.t. display except for the 2-dB 
quantization of signal strength. 
The averaging time constants at the detector outputs are 

2 sec for all channels in the case of the low-speed output, and 
0-36d0 sec for the high-speed output, where to is the channel 
centre frequency. This latter time-constant has been chosen 
to give a sufficiently 'smooth' visual display. 
The continuous visual display is presented on a 17-in, rect-

angular c.r.t. The permanent record is made on demand via 
a push-button either singly or continuously at the alternative 
rates of 30, 10 or 3 per minute. 

For further information circle 37 on Service Card 
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By H. J. GOLDSMID, B.Sc., Ph.D., F.Inst.P. 

Thermoelectric 
and 
Thermomagnetic 

Cooling 

Although the Peltier effect has been known a long time, it is only recently 

that materials have been developed which have enabled it to be of practical 

use. The article discusses the requirements and considers the possibilities 

of another effect the little-known Ettingshausen effect. 

H
ISTORICALLY, the development of thermoelectric 
cooling from an obscure and rather unimportant 
phenomenon to a practical method of refrigeration is 

primarily the story of advances in thermoelectric materials. 
Similarly, the more novel concept of using the transverse 
thermomagnetic effects in direct energy conversion awaits 
improvements in materials for its full realization. Most of 
this article will, therefore, be devoted to a discussion of the 
materials which have been used, and are likely to be used, in 
thermoelectric and thermomagnetic cooling, although some 
of the applications of thermoelectric cooling which are both 
possible and practicable at the present time will also be 
described. 

Jean Peltier, a French watchmaker, was the first person 
to draw attention to the reversible heating and cooling effects 
when an electric current crosses the junction between two 
similar metals. His observations of 1834, and Thomas 
Seebeck's earlier discovery of the production of an e.m.f. 
on heating a junction, were related to one another by Lord 
Kelvin's thermodynamic theory of 1857. Although we shall 
be dealing with the Peltier cooling effect, reference will be 
made almost invariably to the Seebeck coefficient of a thermo-
couple or a thermoelectric material. A reminder of Kelvin's 
first law is thus not out of place. 

The differential Seebeck coefficient at a junction between 
conductors a and b is defined as: 

aab= V1AT 

where V is the open-circuit voltage and AT the temperature 
difference between the junctions. The differential Peltier 
coefficient is: 

ab gil 

where q is the rate of reversible heat generation at one 
junction and / is the current. Kelvin's law states that: 

ffab= icahr 

where T is the absolute temperature. If the conductor b is a 
metal whose thermoelectric coefficients are zero, then 7r and 

Hirst Research Centre of The General Electric Co. Ltd., England. 

Industrial Electronics May 1963 

a are the absolute Peltier and Seebeck coefficients of con-
ductor a. 
The theory of thermoelectric generators and refrigerators 

was given by the German scientist Altenkirch in 1910 and 
1911. Qualitatively, besides a high Seebeck or Peltier 
coefficient, a good thermoelectric material should have a 
high electrical conductivity to minimize the Joule heating 
effect and a low thermal conductivity to minimize irreversible 
heat transfer between the source of heat and the sink. 
Although Altenkirch's theory has been established for so 
many years it is only since the 1950s that practical thermo-
electric refrigerators have been built. This corresponds to 
the replacement of the traditional metallic and semi-metallic 
thermocouples with semiconductor thermocouples. It is 
noteworthy that the new art of thermomagnetic cooling is 

PELTIER COOLING 

PELTIER HEATING 

(ABSORBED BY HEAT SINK 

 II  

Fig. I. A simple thermoelectric refrigerator 
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GLOSSARY OF SEMICONDUCTOR TERMINOLOGY 

Fermi Level. The Fermi level is the level of energy at which an 
electronic state has equal chances of being occupied or empty. 

Energy Bands. At the absolute zero of temperature some of 
the allowed bands of energy in a semiconductor are completely 
full while the remainder are empty. The highest full band is the 
valence band and the lowest empty band is the conduction band. 

Energy Gap. The energy gap is the band of forbidden energy 
between the valence and conduction bands. If the energy gap 
just falls to zero the material is a semi-metal rather than a semi-
conductor. 

Multi-valley Bands. In a single- valley hand the extreme energy 
occurs when the momentum of the charge carriers is zero. 
In a multi- valley band the energy extrema are found when the 
momentum has equal values in a number of different directions 
determined by the crystal symmetry. 

Holes. The empty energy-states in a nearly-full valence band 
act like positively charged carriers and are called holes. In a 
mixed semiconductor there are appreciable numbers of both 
electrons and holes. In an intrinsic semiconductor there are 
equal numbers of each. 

Mobility. The mobility of a charge carrier is the speed at 
which it drifts in unit electric field. 

Effective Mass. Because of their interaction with the lattice, 
electrons and holes behave as if their masses were different from 
the mass of a free electron. When calculating the energy dis-
tribution of the carriers one must use the density-of-states 
effective mass instead of the free-electron mass. When con-
sidering scattering of the carriers it is the inertial effective mass 
that is important. Simple relations exist between the two 
effective niasses. 

likely to make use of semi-metals rather than semicon-
ductors as will be shown later. 

Thermoelectric Figure of Merit 

It is not worth reproducing the details of the calculation 
of the coefficient of performance (c.o.p.) of a thermoelectric 
refrigerator in terms of the thermocouple parameters (the in-
terested reader may refer to one of the textbooks in the 
bibliography). The model for such a calculation is shown 
in Fig. I. The Peltier cooling effect is opposed by heat 
conduction through the arms of the couple and by Joule 
heating, half of which goes to each junction. Lateral heat 
transfer is neglected. For a given pair of materials, which 
should have positive and negative absolute Seebeck coefficients 
respectively, there will be an optimum relation between the 
dimensions of the arms and an optimum current for either 
maximum cooling power or c.o.p. There is scope for altering 
the cooling power per couple by increasing or decreasing the 
ratio of length to cross-section area (with corresponding 
changes in the optimum current) but for the moment let us 
merely consider the maximum reduction of temperature that 
can be achieved. At a certain current, the difference between 
the Peltier cooling (which is directly proportional to the 
current) and the Joule heating (which varies as the square of 
the current) reaches its maximum value; this difference is 
exactly balanced by heat conduction when the temperature 
of the cold junction has fallen to its lowest possible value. 
The simplest equation which describes this situation is: 

ATmax = IZT,2 

where Te is the absolute cold-junction temperature and 

(ap cen)2  

1(icp/crp)I — (Knicri,)112 

where K is thermal conductivity and o is electrical conductivity 
and the subscripts p and n refer to the two branches. Z is 
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known as the figure of merit of the thermocouple and is 
measured in deg-

Prior to the use of semiconductor thermocouples 
the best value of Z for metal thermocouples lay around 
0.25 10-3 deg - Then if Te were 273 " K, was 
less than 10 'C. The first thermocouples between p-type and 
n-type Bi,Te„ made in 1955 had Z of about 1 10 3 deg 
with AT., equal to about 40 °C. Anticipating the sub-
sequent discussion, present day thermocouples have a value 
of Z of more than 3 10-3 deg-'. Thus if T, = 273 'X, 
T„„x > 110 "C. It is possible, in principle at least, to 

maintain the cold junctions below freezing point when using 
a boiling-water heat sink. 

Incidentally, except when designing a cooling unit, it is 
rare to use the thermocouple figure of merit Z as we have 
defined it. It is much more usual to deal with a figure of 
merit z for a single material:— 

z = 22l7/K. 

The thermocouple Z is approximately equal to the mean 
value of r for the two branches in all practical cases. 

Thermoelectric Materials 

Most metals have Seebeck coefficients of the order of 
1 to 10 ,uV/"C while, according to the Wiedemann-Franz law, 
the ratio of the electrical conductivity er to the thermal con-
ductivity K has the value of 4 .‘ 107/T practical e.m.u. Thus 
if T is of the order of 300 K, z for a metal is about 10-7 to 
10-5 deg-'. Even if a rises to about 70 pV/ C as in a semi-
metal like Bi the value of z reaches no more than about 
5 x 10-5 deg'. The simple electron theory of metals, in 
fact, shows that z could not exceed such a value as this, 
though the same conclusion would not necessarily apply for 
a metal with a complex band structure. If metals, then, do 
not look promising, do semiconductors look any better? 
Certainly experimental Seebeck coefficients well in excess of 
1 mV/°C have been reported for some semiconductors; 
against this we must set the fact that ratio crIK is invariably 
worse than the value given by the Wiedemann-Franz law for 
metals. This is due to the fact that, in semiconductors, most 
of the heat conduction is due to the lattice vibrations which, 
of course, cannot conduct electricity. 

Consider the energy diagram for the junction between a 
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Fig. 2. Energy diagram fór a junction between n neta/ and an 
n-type semiconductor 
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metal and an n-type semiconductor shown in Fig. 2. The 
following would be equally applicable to a p-type semi-
conductor junction with the exception that the sign of the 
Seebeck coefficient would then be positive instead of negative. 
Here it is supposed that the valence band is completely full 
and does not contribute to the transport effects. The Peltier 
effect arises from the fact that an electron passing from the 
metal to the semiconductor has to cool its surroundings in 
order to gain enough energy to move in the conduction band. 
The required kinetic energy is of the order of 2k T per electron 
where k is Boltzmann's constant; the potential energy de-
pends on the position of the Fermi level. Obviously, the 
larger the potential energy the larger the Peltier and Seebeck 
coefficients. On the other hand, the larger the potential 
energy the lower the carrier concentration and the lower the 
electrical conductivity. Of course, a fall in the electrical 
conductivity reduces the electronic part of the thermal 
conductivity, but in most semiconductors the lattice vibra-
tions provide the major contribution to the conduction of 
heat; thus an increase of potential energy lowers the ratio (711,-. 

It is useful to express the quantities, a, o- and K as functions 
of the potential energy / since the Fermi level can in general 
be changed at will by doping with certain impurities. In this 
way we obtain an expression for the figure of merit in terms 
of and certain fundamental semiconductor parameters; 
z is a function of y and nm* 312IKL where it is the carrier 
mobility, KL is the lattice thermal conductivity and m* is 
the density-of-states effective mass of the charge carriers. 
The expression for z tells us two things. First, more or less 
independently of the particular values of it, m* and AL, the 
potential energy / should have an optimum value close to 
zero. This in turn implies that the Seebeck coefficient 
should be adjusted, by doping, so as to be about ± 200pV/T. 
Secondly, the semiconductor should have a high mobility, 
a high density-of-states effective mass and a low lattice 
thermal conductivity, so that the factor pm* 3I21KL is as high 
as possible. 
The three important parameters are not independent of 

one another. Thus a high effective mass implies a low 
mobility. Similarly a semiconductor which has a high 
mobility usually also has a high thermal conductivity. There 
are, however, two ways in which we can obtain a favourable 
combination of parameters. First, by choosing materials of 
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high atomic weight we tend to reduce the lattice thermal con-
ductivity as shown in Fig. 3. Moreover semiconductors of 
high atomic weight tend to have a small energy gap and, 
associated with this, a high mobility as shown in Fig. 4. 
Secondly, if the semiconductor has a complex multi-valley 
band structure one can obtain a relatively high density-of-
states effective mass with a relatively low inertial mass, the 
latter mass having the primary effect on the mobility. 
Thus our ideal material would seem to be a semicon-

ductor of high atomic weight with a multi-valley band 
structure doped to yield a Seebeck coefficient of 1 200,uVrC. 
Multi-valley bands seem to be more common among the 
non-cubic crystal classes. 

There is one difficulty that becomes apparent when 
we try to make use of the heaviest semiconductors. They 
sometimes have so small an energy gap that it is impossible 
to avoid simultaneous conduction by holes and electrons. 
Mixed or intrinsic conduction is to be avoided since the 
partial Seebeck coefficients of the electrons and holes are of 
opposite sign so that the overall Seebeck coefficient is low. 
Moreover, the electronic thermal conductivity is exceptionally 
high in a mixed semiconductor since the electron-hole pairs 
can transport their ionization energy as well as their kinetic 
energy. It is difficult to see how one can make use of a 
semiconductor with an energy gap of much less than about 
4k T, that is, about 01 eV near room temperature. 

Having found a useful semiconducting compound, is there 
any way in which it can be improved still further? Abram 

Joffe, who until his death in 1960 was the world's leading 
authority on thermoelectricity, put forward the rather sur-
prising hypothesis that the formation of an alloy or solid 
solution between two isomorphous semiconductors might 

O 0.2 0.4 0.6 0.8 FO 1.2 14 ENERGY GAP E9 (eV) 

10 

'o20 

AtSb dac  e  Q-0  F6 l•13 

XDIAMOND TYPE ELEMENTS 
SL X 

Ge 

-V 
o COMPOUNDS 

GaSb 

o' 

nSt 

KB. 0 

IRbCt 

60 MEAN ATOMIC WEIGHT 

RbBe 

01(1 

x Rel 

120 

Above: Fig. 3. Lattice thermal conductivity 
against mean atomic weight 

Left: Fig. 4. Variation of mobility with 
energy gap 



+300 

+200 

+100 

o 

/ 
i  
I DOPED  
i Pb-  
I DOPED ...'••••• "„xe..,_  

-...„ ----x 

-200 

-300- 

, 
0•5 I5 2 x10 -

cr (wail cm- 1) 

Fig. 5. Seebeck coefficient against electrical conductivity for 
Ri,Te3 and its alloys at room temperature 
  Bi,Te3 
X X (Bi-Sb)2Te3(p-type) 
  Bi2(Se-Te)3(n-type) 

003 

O• 02 
."."N 
t—) 

E 
u 

3 

001 

o 

• 
• 

0.5 I IS 2 x10 
5 

cr (owe' cm- I) 

Fig. 6. Thermal conductivity against electrical conductivity for 
Bi,Tea and its alloys 

Bi,Te, 
X-----X ( Ri-Sb)2Te3(p-type) 
0--------0 Bi,(Se-Te),(n-type) 

n-TYPE 

/ -••• 
..•••• 

p- TYPE 
/ Bi2Te3 
'I 55 
// 

1/ 

 I , 
0 (:I5 I IS 2 x10' 

cr (OHM -' cm-') 

Fig. 7. Figure of merit against electrical conductivity for Bi,Te3 
and its alloys 

lower the lattice thermal conductivity without reducing the 

carrier mobility. 
Let us now see how our principles work out in practice. 

The best semiconducting compound in the room temperature 
region is BiaTea. It was first studied on the basis of the high 
atomic weight criterion. It is an anisotropic material ( having 
a layer structure like mica) with 6- and 3-valley conduction 
and valence bands respectively. Its energy gap is about 
015 eV. Fig. 5 (dotted curve) shows a plot of Seebeck 
coefficient against electrical conductivity. The undoped 
compound is p-type due to lack of stoichiometry; Pb and I 
act as acceptor and donor impurities respectively. Note that 
in the one-carrier region (to the right) the Seebeck coefficient 
falls as the electrical conductivity rises. Note also that both 
the Seebeck coefficient and the electrical conductivity are 
low in the region of mixed conduction (on the left). The 
solid curves refer to alloys of Bi2Tea with SbaTea and BiaSea; 
they confirm one part of loffe's hypothesis since a lower 
carrier mobility would normally imply a lower electrical 
conductivity for a given Seebeck coefficient. 

Fig. 6 shows the thermal conductivity plotted against the 
electrical conductivity. As expected, the thermal con-
ductivity rises with electrical conductivity in the one-carrier 
region on the right. The sharp increase on the left of the 
diagram corresponds to the transport of ionization energy 
in the mixed conduction region already mentioned. The 
solid curves are the results for the alloys of BiaTea with 
SbaTe, and BiaSea. The overall downward shift of these 
curves compared with those for BiaTe, illustrates the reduc-
tion in lattice thermal conductivity on alloying. 

Fig. 7 shows the figure of merit plotted against electrical 
conductivity. The optimum electrical conductivity of about 
1,000 ohm- 'cm in all cases corresponds to a Seebeck 
coefficient near to 1- 200 pV/ C. For BO-ea the values of 
z are about 2 10-3 deg- while for the alloys z is 3 or 

3.3 > 10- 3 deg- J. 
These are not the highest values of z that have been 

achieved. For the n-type semiconducting alloys of Bi and 
Sb (with about 10% Sb) a value of z equal to 5 x 10-3 deg- ' 
has been reached by Wolfe and Smith but only at liquid 
nitrogen temperature. Bi-Sb alloys satisfy all our criteria 
for a good thermoelectric material at room temperature with 
the exception of a sufficiently large energy gap. The largest 
gap in the alloy system is about 0-016 eV; i.e., less than 1 kT 
at room temperature. Even at liquid nitrogen temperature, 
77 K, a Seebeck coefficient of no more than — 130 liVi°C 
can be reached before mixed conduction sets in. If the 
energy gap were larger z would be appreciably greater than 
even 5 • 10 -3 deg-' at liquid nitrogen temperature. It is 
primarily for this reason that the application of a transverse 
magnetic field (of about 500 0e), which increases the Seebeck 
coefficient (by up to 100% in higher fields) leads to a rise in 
z to about 9 ‘• 10-3 deg in spite of some deterioration in 
the ratio altc due to magneto-resistance. A figure of merit of 
3 10-3 deg -' for a Bi-Sb alloy at room temperature has 
also been achieved but it was neccessary to apply a field of 
17,000 Oe to reach it. 

(To be continued) 



A
S a means of identifying metal components, imprint-
ing inspectors' symbols and applying designations 
and trademarks, electrolytic etch-marking has many 

advantages over other methods. The result is permanent. 
without the work-hardening and stress- raising effects of 
mechanical stamps, yet is much more quickly achieved than 
by spark-etching. Stencils are very easily prepared either 
by typing, handwriting or die stamping, while most elaborate 
and detailed patterns can be prepared economically by 
photographic techniques. Marking takes only a few 
seconds, even for complicated marks, and the depth of 
penetration can be closely controlled. Finally, little skill is 
required to produce perfect results. 

Already in wide use as a workshop technique. electrolytic 
marking in the field is now made possible by a new tran-
sistorized unit, the type BT400 produced by Electromark 
(GB) Ltd. The unit, complete with batteries and all acces-
sories, weighs about 4 lb and is housed in a camera-sized 
carrying case. It uses a transistorized oscillator to convert 
the output of two bell-type dry cells, or of a re-chargeable 
accumulator, into alternating current at about 9.5 V, 200 mA. 
Although d.c. output is also available. a.c. etching is the 

Electromarked specimens: d.c. etch on stainless steel (top)and 
a.c. mark on brass (bottom). The 'checked' sign and date are 
typed on the stencil; each inspector adds his own initials with 
a hall-point pen 

For work which cannot he taken to a bench-type marking 
unit, such as mark Me jet sires on a modified carburettor, the 
portable Electromark type BT400 provides an ideal solution 

ELECTROLYTIC 

MARKING 

Here the BT400 is being used for the permanent marking (e-
components on a production line 

more versatile, producing on most metals a permanent 
dark mark composed of re-deposited metallic oxides. 
Current is applied to the work by a plug-in marker and 
earthing clip; the marker electrode is fitted with an absorbent 
pad moistened with electrolyte from a small ampoule carried 
in the case. The a.c./d.c. switch is the only control, the 
oscillator being switched on automatically by a jack-plug 
on the marker cable. 

In operation, the stencil is simply applied to the work and 
the moistened marker placed on the stencil for a few 
seconds. Results are consistently maintained over a large 
number of marks, from one stencil. New stencils can be 
prepared in the field, using a ball-point pen, as easily as 
writing on a piece of paper. 

The new marker, the first portable unit of its kind, is 
expected to appeal to those responsible for inspection and 
overhaul of equipment in the field, such as aircraft and 
other transport operators, roving inspectors on production 
line work, and others for whom it may be inconvenient 
to take the work to power-operated bench marking units. 

For further information circle 38 on Service Card 

Industrial Electronics May 1963 445 



INDUSTRIAL NEWS 

Personal and Company News 

Advance Components Ltd. have acquired Pentechnique Ltd. 
of Cheltenham, specialists in electronic measurement, count-
ing and control techniques. The company's name will be 
changed to Advance Controls Ltd. and its board will com-
prise E. A. J. Miles. managing director. A. W. Piercey. 
A.M.Brit.I.R.E.. and E. G. Wakeling. A.M.I.E.E. 

Standard Telephones & Cables Ltd. have acquired the whole 
of the issued share capital of Robert Maciaren & Co. Ltd.. 
manufacturers of temperature control equipment. 

Communication Systems International Ltd. is a new com-
pany in the Plessey group formed to control its interests 
in the rental and sale of telephone systems. It has an 
operating capital of £2 million. A. E. Underwood is chair-
man. W. A. Travers is managing director, and G. D. Christie. 
E. H. Ousten and E. H. Townsend are directors. 

Lord Chandos is to retire from Associated Electrical Indus-
tries Ltd. at the end of the year. He will he succeeded as 
chairman by C. R. Wheeler. 

G. & E. Bradley Ltd. have appointed industrial distri-
butors for Lucas silicon power rectifiers and transistors. 
They are: Hardman & Co. Ltd.. Hardale House, Baillie 
Street, Rochdale, Lancs.; Gothic Electrical Supplies Ltd., 
Gothic House. Henrietta Street. Birmingham 19; and Cables 
& Components Ltd., 304 Northfield Avenue, Ealing. 
London W.5. 

Osram ((.E.C.) Ltd. announce board changes. L. A. Mills 
becomes assistant managing director. D. L. Tabraham 
becomes assistant managing director (lighting) and P. R. 
Sansom sales director. 

Dr. Stanley Gill of Ferranti Ltd. has been appointed to a 
newly-created part-time chair at the Manchester College of 
Science and Technology as Professor of Computation. 

The Scientific Instrument Association of Great Britain 
Ltd. has set up a Medical Instruments Group to provide a 
forum for the discussion of problems about the application 
of instrumentation and equipment systems in medicine, 
health and hygiene. 
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G. N. Petty has been appointed deputy managing director. 
and P. I. Marshall financial director, of E.M.I. Electronics 

Ltd. 

Simmonds Relays Ltd. have been appointed sole distributors 
for the United Kingdom and Eire for the photo-electric 
control equipment manufactured by Violux-Electronik of 

Berlin. 

Captain Charles F. Booth, C.B.E., M.I.E.E., deputy engineer-
in-chief of the Post Office, retired on 31st March. 

W. H. Lidstone, engineer- in-charge at Bush House of the 
B.B.C.'s external services retired on 10th April. He is 
succeeded by R. H. Bullen. 

The association between the Miles Group of companies and 
Intertechnique of Paris has recently become closer and 
agreement has been reached on reciprocal manufacturing 

arrangements. 

Ownership of the Univac computer centre in Manchester 

has been transferred to an independent company. Man-
chester Computer Centre Ltd. 

Bendix Ericsson U.K. Ltd., of New Basford. Nottingham, 
have become agents of and distributors for M. C. Jones 
Electronic Co. Inc., of Bristol. Connecticut. U.S.A. 

Consolidated Electrodynamics Corporation (U.K.) Ltd. has 
become the Consolidated Electrodynamics Division of Bell 
& Howell Ltd. The head office is unchanged at 14 Com-
mercial Road, Woking. Surrey. and the factory is still at 
25 Salisbury Grove. Mytchett. Nr. Aldershot, Hants. 

An A. E.!. mass spectograph has been installed at the research 
laboratories of B.I.C.C. It enables impurities in metals to he 
detected and estimated down to one ten millionth of one per cent 



The picture shows solder being refined 
at the works of Enthoven Solders Ltd. 
Crude metals are fused in a 70-ton 
pot. Impurities are removed by 
fluxes and other chemical additives 
which are mixed with the solder by a 
motor-driven paddle. The whole 
operation ran take as long as five days 

British Relay Wireless & Television Ltd. and British Home 
Entertainment Ltd. have reached an agreement on joint 
participation in a Pay-TV experiment. British Relay's 
subsidiary Toll TV Ltd. is to he reformed. 

Electronics & Automation (I.ondon) l.td., Maxwell House. 
Arundel Street. London W.C.2. have been appointed sole 
export agents for France and Italy for the electronic equip-
ment manufactured by James Scott ( Electronic Engineering) 
Ltd.. Glasgow. 

A. B. Vickery has resigned from his positon as managing 
director of Brookhirst Igranic. 

F. W. Hardstone. former deputy chief general manager of 
Westminster Bank Ltd.. has joined the board of directors 
of Ferranti Ltd. 

Aveley Electric Ltd. have transferred to a new building at 
South Ockendon. Essex (telephone: South Ockendon 3444). 
Their previous building is now occupied by their subsidiary. 
Ave) Products Ltd. 

R. H. Hill, secretary of British Insulated Callender's Con-
struction Co. Ltd., has been appointed a director. 

Evershed & Vignoles Ltd. are represented in Wales by K. Z. 
Baldy. Hillside. Heol H if% Cardiff. 

Hughes International (U.K.) Ltd. have been appointed sales 
distributors for Fansteel tantalum capacitors in the United 
Kingdom and Eire. 

Armstrong Whitworth Equipment, the Gloucester unit of 
Whitworth Gloster Aircraft Ltd.. is changing its name to 
Whitworth Gloster Equipment. 

Carr Fastener Co. I.td. have a northern sales office at Cross. 
ford Court. Dane Road. Sale. Cheshire (Telephone: Sale 
4213). 

British Central Electrical Co. lid, have moved to 16-26 
Banner Street. London, E.('. I. 

F. G. Flower becomes the new standards co-ordinator of 
United Kingdom Ltd. 

Sales Organisers Ltd., 6-8 Old Bond Street. London, W.I. 
announce that they are the sole concessionaires for all 
equipment manufactured by Tudor Electronics Ltd. 

Takbro Industrial Ltd., 85 Regent Street, Leamington Spa. 
Warwickshire (Telephone: Leamington Spa 21488) is a corn. 
pany formed to market solderless terminals manufactured 
in Japan. 

Eastern Aero Electrical Services Ltd. has been appointed 
an authorized industrial distributor for International Recti-
fier Co. Ltd. Middlesex. Buckinghamshire and Oxfordshire 
will be served by the London Airport branch (Telephone 
Skyport 1314). while East Arglia is served from Colchester 
(Telephone: Colchester 6173). Direct T.V. Replacements 
Ltd. is an authorized distributor for London and Kent (Tele-
phone: Tideway 6666). 

Epsylon Industries Ltd. have opened a branch office at 68 
Grosvenor Street. Manchester 1. 

F. J. Wood has been appointed general manager of Vidor 
Ltd. 

G. H. Bloore Ltd.. Honeypot Lane. Stanrnore, Middlesex. 
have been appointed sole distributors for England of Poly-
penco plastics. 

A. E. Trehearn, sales executive of the Dubilier Condenser 
Co. Ltd., has died after a short illness. 

E. Gibbs. a senior development engineer of Telequipment 
Ltd., has been transferred to the technical sales staff. 

Interplas 63 

The International Plastics Exhibition is being held at 
Olympia. London. from 12th to 22nd June. except Sunday. 
It will be open from 10 a.m. until 6 p.m. daily, except on 
the 19th and 20th when it will close at 8 p.m. 
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Rrik-Westrex Agreement 
The Rank Organization and the Westrex C ompany Ltd . 

a Division of Litton Industries Inc., announce that they 
have reached agreement under which the Rank Kalee Divi-
sion of the Rank Organization will be granted the sole 
agency for the United Kingdom and many territories over-
seas (excluding Eire) for the sale of sound recording and 
reproducing equipment manufactured by Westrex. 

It is also announced that the service facilities provided 
by Rank Kalee and Westrex for maintaining sound and 
projection equipment in well over 2,000 cinemas in the 
U.K. have been amalgamated and are operated by Westrex 
at Cricklewood. London. 

EMIHUS 
A new Anglo-American military electronics company, 

EM IHUS Ltd.. has been formed. It is owned equally by 
Electric & Musical Industries Ltd. and Hughes Aircraft 
Co. of California. It is British based with offices in Blyth 
Road. Hayes. Middlesex. and the day-to-day management 
is being conducted by E.M.I. Electronics Ltd. The two 
parent companies each have four members on the board 
of directors. 
The chairman and managing director is P. A. Allaway 

and Air Vice- Marshal W. E. Oulton, who is director of 
military electronics in E.M.I. Electronics Ltd., is on the 
board and also acts as general manager. General Clarence 
A. Shoop heads the Hughes team of directors. 
The new company will handle certain types of Hughes 

equipment. which will be manufactured by E.M.I. Elec-
tronics Ltd. The apparatus will include digital computers. 
airborne radar. digital test equipment. airborne instrumenta-
tion and airborne navigation and control systems. 
The formation of the company does not affect work 

carried out directly for the British Government by other 
E.M.I. companies. The new company is concerned only 
when it is desirable to bring the combined resources of 
E.M.I. and Hughes Aircraft to bear upon a project. 

Cambridge University Computer 
An Elliott 405 computer has been presented to the Engi-

neering Laboratory of Cambridge University by the 
National Research Development Corporation and Associ-
ated Electrical Industries (Woolwich) Ltd. It is to be used 
for research on automatic control. The computer is one 
which has been used for some years by N.R.D.C. and A.E.I. 
for studying the applications of a computer to production 
control, and this work has now been completed. 

Linear Accelerator 

The Department of Scientific and Industrial Research has 
approved a grant of a million pounds for the provision of 
a linear electron accelerator for Glasgow University. The 
accelerator is to be used for investigations into photo. 
problems in nuclear physics. It will be at East Kilbride 
adjacent to the Scottish Universities' Reactor Centre. 
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The Canadian Westinghouse WQ4A 
harmonic filter is intended to prevent 
harmonic radiation from high-power 
e. w. transmitters. It is designed for 
the 4,400 to 5,000 Mils hand and 
gives 2nd-harmonic attenuation of 
more than 30 dB for a fundamental 
loss of under 0-2 dB 

For further information:circle 39 on 
Service Card 

1962 BEAMA Annual Report 

The recently- published 1962 annual report of the British 
Electrical and Allied Manufacturers' Association states that 
the output of the industry is now about £ 1,700 million a 
year. In 1962, exports reached a new record of £332.6 
million—an increase of £ 14 million or 4-4"., on the figures 
for 1961. 

Electrical and allied products now represent 10-4"., of 
all manufactured goods exported from Britain. 

Automation in Road Planning 
An integrated data processing service for the civil engi-

neering and construction industries is being provided by 
Computaquants Ltd. of London in collaboration with Nor-
disk ADB of Sweden and C.E.1.R. (U.K.) Ltd. The system 
is based on the integration of aerial survey. photogrammetry 
and computer techniques. 

7th International Instrument Show 

The 7th International Instrument Show is to be held by 
B. & K. Laboratories Ltd. at their London offices at 4 Tilney 
Street. Park Lane, London. W.I. from 27th to 31st May. 
The times of admittance are 10.30 a.m. to 6.30 p.m. except 
Wednesday when the exhibition is open until 9 p.m. 
Tickets are available at no charge on application to B. & K. 
Laboratories. 
As in previous years. the show will include exhibits from 

the latest ranges of some of the leading overseas manufac-
turers of electronic equipment. 

Inexpensive delay line for operation at 4-43 Mcis and giving a 
delay of 63-8 µsec. The model illustrated is made by Corning 
Glass Works and is suitable for the Secam colour television 
system. At present the price is S50 in 1.000 lots, hut it is 
envisaged that if Scram were adopted in Europe the production 
would he so large that the price would be $5 only 

For further information circle 40 on Service Card 
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The Case Against the Nuclear Atom 

By DE.WEY B. ' ARSON. Pp. 139 + viii. North Pacific 
Publishers. P.O. Box 5044. Portland 13. Oregon. U.S.A. 
Price $4.50. 
The author of this book believes that current atomic 

theory is all wrong. He goes back to Rutherford who 
directed alpha particles against a thin metal plate and found 
that most of the particles passed through the plate. He 
admits that Rutherford's explanation that most of the mass 
of the atom is concentrated in a very small volume, and 
that most of the region which the atom occupies in the 
solid state is empty space. is consistent with the observed 
facts. He maintains, however, that alternative explanations 
have never been considered and he rejects Rutherford's. 
In his view the atom has neither nucleus nor electrons but 
is solid entity, small compared with the volume which it is 
considered to occupy. 
The existence of the electron as a particle outside the 

atom is admitted, as is also the neutrino. No coherent 
alternative to current atomic theory is advanced, however. 
and the book is completely non-mathematical. The 
criticism is almost entirely destructive. 
The average reader will feel considerable sympathy with 

the author about his dislike of many of the concepts of 
atomic physics, for they are undoubtedly hard to grasp. 
and the book is certainly an interesting one to read, even 
if it is not convincing. There is indeed much to he said 
for the author's contention that from time to time experts 
should review critically the foundations of their subject. 

Analogue Computing at Ultra-High Speed 

By DONALD M. MACKAY. B.Sc., Ph.D.. and MICHAEL E. FISHER. 
B.Sc.. Ph.D. Pp. 395 + xv. Chapman & Hall Ltd., 37 
Essex Street. London. W.C.2. Price 65s. 
There are three parts to this book. The first is intro-

ductory and deals with the instrumental requirements for 
high-speed analogue computation. The second covers the 
elements of a computer from linear computing units, such 
as adders and integrators. to power supplies and overall 
performance. The third and largest part deals with applica-
tions; that is. it describes the kinds of equations with 
which a computer can deal and how the apparatus is set 
up to simulate the equations. 
The treatment is thorough and is by no means unduly 

mathematical. The book is certainly a very useful addition 
to the literature on analogue computers. 

Introduction to Radar Systems 

By MERRII I I. SKOINIK. Pp. 648 + ix. McGraw-Hill 
Publishing Co. Ltd.. 95 Farringdon Street. London E.('.4. 
Price £5 I 2s. 6d. 
The subject of this book is radar systems engineering. 

Circuit techniques are not treated and there is hardly a 
circuit diagram in the book. The starting point is a dis-
cussion of the nature of radar and this is followed by a 
chapter on the radar equation. Then come descriptions 
of the various type of radar, viz., c.w., f.m., m.t.i., pulse. 
followed by tracking methods. Then come chapters on 
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transmitters, aerial, receivers, noise, extracting information 
from radar signals, propagation, clutter, weather and 
interference. Systems engineering and design form the 
virtual end of the main subject matter, but there is a final 
chapter on radar detection of extra terrestrial objects. 

Nonlinear and Parametric Phenomena in Radio Engineering 

By A. A. KHARKEVICH. Pp. 192 + xvi. John F. Rider 
Publisher Inc., 116 West 14th Street. New York 11. Price 
$6.50. 

This book is a translation from the Russian. It starts by 
considering nonlinear circuits and fundamental nonlinear 
processes. Chapter 2 covers the generation of oscilla-
tions, and chapter 3 deals with the response of nonlinear 
systems to external signals. The fourth and final chapter 
is on parametric phenomena. Free use is made of the 
simpler kinds of mathematics, but there is a great deal of 
descriptive matter as well, and the book is not a difficult 
one, certainly not as difficult as the nature of the subject 
would lead one to expect. 

Television Simplified 

By MILTON S. KIVER. 6th Edition. Pp. 637 + vii. D. Van 
Nostrand Co. Ltd.. 358 Kensington High Street, London. 
W. I 4. Price 63s. 

This is an American book and deals only with American 
television practice. It gives a good account of that in a 
non- mathematical way and provides a very useful intro-
duction to the subject. 

Leybold Vakuum-Taschenbuch 

By s. DILI S and R. JAECKEI. Pp. 366 + xii. Springer-
Verlag. Heidelberger Platz 3. Berlin-Wilmersdorf. Price 
DM 56. 

Einführung in die Theorie geregelter Gleichstromantriebe 

By H. uftit ER. Pp. 453. Birk hâuser Verlag. Basel, Switzer-
land. Price SE 58.00. 

Variable Resistors and Potentiometers 

By G. W. A. DUMMER. rV1.B.E.. M.I.E.E. Pp. 228 + xi. Sir 
Isaac Pitman & Sons Ltd.. Parker Street, Kingsway, Lon-
don. W.C.2. Price 45s. 
This is the second edition of volume two of the Radio and 

Electronic Components series. More data on commercial 
types of variable resistor has been included, new types have 
been added and a new method of summarizing the choice 
of variable resistors available has been devised. 

Radio-Television-Electronics Dictionary 

By The National Radio Institute Teaching Staff. Pp. 190. 
John F. Rider Publisher Inc.. 116 West 14th Street. New 
York 11. U.S.A. Price $ 3.50. 

Halbleilerbauelemente: ol. I. lialbleiter lialhleiter-
dioden 

By WAVIER GUCiCiENBUHI,. .1. O. STRUTT and w I Y 

wuN0LâtiN. Pp. 255. Birkhauser Verlag, Basel. Switzer-
land. Price SF38.50. 

High Fidelity Home Music Systems 

By wit I IAM R. WEI.I MAN. 2nd Edition. Pp. 241 + vi. 
D. Van Nostrand Co. Ltd.. 358 Kensington High Street, 
London, W.14. Price 51s. 
The book carries the sub-title 'Their Selection. Assembly. 

and Installation'. It is almost entirely descriptive and the 
author's aim appears to be to give guidance to people with 

little technical knowledge who wish to assemble a high. 
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fidelity system from commercially-manufactured units, such 
as, tuners. amplifiers, loudspeakers, etc. The only con-
structional information included is on loudspeaker 

enclosures. 

Triigerfrequenz-Nachrichtenübertragung iiber Hochspan-

nungsleitungen 
By HEINRICH-KARL PODSZECK. Pp. 191 + viii. Springer 

Verlag, Heidelberger Platz 3, Berlin-Wilmersdorf. Price 

DM36. 

Physics and Chemistry of Electronic Technology 
By HARRY L. VAN VELZER. Ph.D. Pp. 372 + xii. McGra‘.% - 
Hill Publishing Co. Ltd.. 95 Farringdon Street. 1.ondon. 

E.C.4. Price 77s. 6d. 

Eléments de Commutation Générale 

By ANDRE BLANCHARD. Pp. 384. Editions Eyrolles, 61 

Boulevard Saint-Germain, Paris Ve. Price NF65.70. 

Techniques of Public Relations 
By MIKE WILLIAMS-THOMPSON. Pp. 20. Breams Printing 

and Publishing Co. Ltd.. Mitcham. Surrey. Price 2s. 6d. 

Manufacturers' Literature 

Acromag Plug-in Nlagnefic Amplifiers. This 4-page leaflet 
describes the Acromag range of precision plug-in magnetic 
amplifiers introduced to the British market by Electro Methods. 
Included is the Acrostat pre-amplifier capable of handling an 
input of 1 rW from thermocouples. strain gauges. Hall devices. 
etc. 
Electro Methods Ltd., Industrial Control Division, Caxton Way, 
Stevenage. Hens. 

For further information circle 41 on Service Card 

Voltage Stabilizers. Claude Lyons series TS automatic voltage 
stabilizers are described in detail in this 5-page illustrated 
catalogue. Power ratings range from 1 to 360 kVA. 
Claude Lyons Ltd., Valley Works. Hoddesdon. Hens. 

For further information circle 42 on Service Card 

Duo-Pulse Generator. General details of a transistorized port-
able double-pulse generator are outlined in a single-sheet leaflet. 
The pulse outputs from this unit are independently variable in 
height, width and separation. 
Digitizer Techniques Lid.. Watts Lane, Teddington, Middlesex. 

For further information circle 43 on Service Card 

Krohn-Hite Electronic Instruments. An illustrated 6-page fold-
out catalogue providing specifications of Krohn-Hite power 
supply units, oscillators, filters and amplifiers. 
Systems Engineering Services Ltd.. 34 Bloomsbury Streel, 
London, W.C.1. 

Fol further information circle 44 on Service Card 

Functions of Electrolube. In this 20-page booklet the pro-
perties of Electrolube electrical and mechanical lubricants are 
clearly described with the aid of illustrations. 
Merin,lube Ltd., Oxford Avenue. Slough, Bucks. 

For further information circle 45 on Service Card 

Single-Crystal Materials and Components. This 4-page illus-
trated leaflet gives details of Mervyn's facilities in the field of 
single-crystal materials; products mentioned include a wide 
range of laser and quantum electronic crystals. 
Mervyn instruments Lid., Si. John's, Woking, Surrey. 

For further information circle 46 on Service Card 

High Temperature Wires and Cables. A 4-page leaflet to 
facilitate selection of wires and cables by American Super-
Temperature Wires, Inc. The selector chart provided covers 
materials with operating temperatures ranging from - 130' 
to 1,000 F. 
Stewari Aeronautical Supply Co. Ltd.. Adastral House. Nuffield. 
Redhill, Surrey. 

For further information circle 47 on Service Card 

8-nun Band 'Hybrid Tee' Element. This single-sheet leaflet 
gives brief data on a Philips measuring element which can he 
used as an 8-mm band microwave bridge; four waveguide 
sections constitute the branches of the bridge. 
Research and Control Instruments Ltd., Instrument House, 207 
King's Crms Road, London. W.C.I. 

For further information circle 48 on Service Card 

Muirhead Standard Cells. A 4-page leaflet presents in concise 
form the full range of Muirhead standard and reference cells 
with a brief description of each. 
.14uirhead and Co. Ltd., Beck C1111(1111, Kent. 

For further information circle 49 on Service Card 

Semiconductor Encapsulation Guide. This wall chart lists on 
one side 180 different Mullard semiconductor devices and covers 
18 types of encapsulation of which dimensions and drawings 
are given on the reverse. 
Milliard Ltd.. Industrial Semiconductor Division, Mallard 
House. Torrington Place, London, W.C.1. 

For further information circle 50 on Service Card 

Subminiature Trimming Potentiometers. A technical data sheet 
on Daystrom 318 series Squaretrim potentiometers provides 
complete specifications covering these subminiature 1 W 
trimmers in a range from 10 11 to 65 ka 
Weston-Instruments & Electronics Division, 614 Frelinghuysen 
Avenue, Newark 14. New Jersey, U.S.A. 

For further information circle 51 on Service Card 

Temperature Measurement and Control. This 18-page booklet 
describes the full range of Fielden ' Bikini' transistorized tem-
perature instruments. In addition to technical information 
details are given of the economic advantages of temperature 
control and its application in various industries. 
Fie/den Electronics Ltd., If ythenshawe, Manchester 22. 

For further information circle 52 on Service Card 

Twin-Lamp Placard 1.ights. This 4-page catalogue presents 
detailed information on Dialco rectangular indicator lights. 
Actual-size illustrations are shown in two colours to facilitate 
the choice of placard light and legend presentation. 
Dialighi C'orporation, 60 Stewart :Avenue. Brooklyn 37, New 
York, U.S.A. 

For further information circle 53 on Service Card 

16 mm Rank Documentary Films. This illustrated 40-page 
sponsored film catalogue covers a wide diversity of subject 
matter and includes eight films on electronic computers, two of 
which deal with basic principles as opposed to industrial 
applications. 
Rank Film Library, I Aintree Road, Perico/e. Greenford, 
Middlesex. 

For further information circle 54 on Service Card 

Light-Beam Oscillographs. A 4-page, 3-colour, brochure 
describes the Brush series 2300 8- or 16-channel oscillographs 
and discusses the advantages offered by an incandescent light 
source. Also described are d.c. galvo amplifiers that extend 
the range of the oscillograph. 
Brush Instruments. 37th and Perkins. Cleveland 14. Ohio. U.S.A. 

For further information circle 55 on Service Card 
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For further information circle 235 on Service Card 

Series 481 High Speed 
Electric& Impulse 

COUNTERS 
instantly provide 

PRINIE,DRESUL1S 
from ElectricolImpulses 

3 EXAMPLES 
from our wide range 

Manual model 

push-button 

reset, prints 

on card set. 

The ONLY Counters with ALL these features— 

Manual, Semi-Automatic, and Fully 

Automatic printing on paper roll, card 

or card sets. 

Add and subtract. 

Up to 3000 counts per minute (ado) — 

2600 (add and subtract). 

Instant reset to zero, or non-reset. 

LOW COST— £20 to £60 according 

to specification. 

APPLICATIONS — UNLIMITED! 
Any measurements of quantity, size, 
time weight, speed, temperature, 
fluid-flow etc., when converted to 
electrical impulses, can be recorded 
and printed. 

There's an ENM model to solve your 

problem from the several thousand 

standard variations of the Series 481. 

For information and !iterafure on this or any other Counting 

application contact immediate!), HOWard 2611 or write to: 

Push-button 

print and 

reset model, 

prints on 

paper roll. 

Fully automatic 

print and 

reset model, 

prints on card. 

English Numbering Machines Ltd 
DEPT E10 QUEENSWAY ENFIELD MIDDLESEX 

Tel: HOWard 2611 

Industrial Electronics Slay 1963 

Grams: Numgravco Enfield 

33 



For further information circle 236 on Service Card 

Transistorised 

D.C. Supply ' Brick' Units 
SMALL AND COMPACT • HIGH REGULATION • LOW RIPPLE AND NOISE 

ELECTRONIC OVERLOAD PROTECTION 

A series of extremely compact stabilised supply units with nominally fixed outputs. 

Voltages may be preset and changed as desired, with front panel adjustment of 10%. 

Outstanding features are: fast response electronic overload protection with automatic 

reset; four terminal sensing, eliminating supply lead voltage drop and enabling units to 

be used at longer distances from load; very low output impedance of less than 0.01 e d.c. 

and less than 0.2u a.c. at 100 kc/s; exceptionally close regulation accuracy of 0.01%; 

ripple and noise less than 2 mV p- p; maximum ambient temperature of 50 C. Finished 

in matt black. 

designed for high density stacking 
Bench models of identical specifications and with full metering are available 

VQ161 VQ261 VQ301 

Output Voltage DC. 3-25v. 3-12+v. 3-30v. 

Output Current 1A 2A 3A 

Input Voltage Variation 10% 10% ±7f% 

Dimensions 3 x 44- x 10 ins 3 x 4+ x 10 ins 5+ x 7 x 13 

Weight 8 lb 8 lb 15 lb 

The substantial financial and technical resources of The Thorn Group are your assurance 

of the technical excellence and continued availability of all products associated with the 

Thorn symbol. 

THORN ELECTRONICS LIMITED 
105-109 Judd Street, London, W.C.1 ( EUSton 4433) 

TEIS 
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For further information circle 237 on Service Card 

Unique 
from any angle 

Complete technical details on request from 

Visit Stand No. 476, Grand Hall Gallery 

at the R ECM F Exhibition, Olympia, May 21-24 

TSA 3334 
the smallest inline readout meter available any-
where capable of measuring frequencies up to 
1.2 Mc/s. 
• inline readout 

• measures frequencies up to 1-2 Mcis 

• carries out multi-period measurement 

• four gating times: 1, 0.1, 0.01 and 0-001 sec. 

• adjustable support acts as carrying handle 

• size only 12*" x 8+' x 3-1-" 

All this, backed by Venner service and experience, for 

ONLY £150 

%PENNER 
VENNER ELECTRONICS LIMITED, Kingston By-Pass, New Malden, Surrey. MALden 2442 
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For further information circle 238 on Service Card 

ALL YOUR ELECTRONIC EQUIPMENT— SPARES— ACCESSORIES FROM ONE SOURCE 

The BIGGEST range of 

ELECTRONIC EQUIPMENT 
Accessories of all kinds . . • 

ALL YOUR ELECTRONIC EQUIPMENT— SPARES— ACCESSORIES FROM ONE SOURCE 

NEW IN ULTRASONIC CONTROL! 

GU LTON TRANSDUCERS 

TYPE 

I 404 

each 
quantity prices 

upon application 

Sole Distributor: 
Off the Shelf 
Supply Service 

NOTE THESE 

FEATURES: 

• Small Physical Size 
• Interchangeable Receiver and Transmitter Heads 
• High (..11. High Efficiency 
• Wide Beam Width 
• Shielded Non-Interference Housing 
1- OR: 
Industrial Automation • Remote T.V. Control 
Model Control • Intruder and Security Alarms. 

Gate. Tool and similar controls 
COMPREHENSIVE APPLICATION DATA AND TRANSISTOR-
ISED TX RX CIRCUIT SUPPLIED WITH ALL ORDERS 

The DTV Group arc Manufacturers & Stockists of 

TRANSFORMERS • Quick Deliveries 
C-CORE, AUDIO • Many types off shelf 
MAINS, FLY-BACK • Enquiries invited 

CHEMICALS IN ELECTRONICS 
AMBERSIL MS.4 

AEROSOL SPRAY 

I\ on- Melting Sili-
cone Grease 
Excellent Di-Electric 
Properties 

USE FOR: 

• Water Proofing • Lubricating 
• Insulating • Preserving 
• Electrical and I le, ironic Equip-

ment 

Large 
Economy 

Size 

13/6 
plus 1 6 
P. & P 

MS4 SILICONE GREASE 

L,- /LIZMW 

CORE-LOCKING COMPOUND 86 
• Locks iron dust core screws 
• Does not perish or harden 
• Cores may be adjusted at any 

time without any danger of 
cores splintering or formers 
breaking 

PERSPEX POLISH No. 3 
• I ti use on all icr) hie and 

similar surface 
• Ideal for meter panels. etc. 
• In handy polyester unbreak-

able tubes 

Per tube 

4/6 net 

plus bd. P & P. 

3/6 net 

plus 93. P. & P. 

ELECTROLUBE BRAND No.1 

2 oz. " Snorkel" Dispenser 
No. 2a Aerosol 

plas I - P. d P. 

ELECTROLUBE BRAND No. 2 
2 oz. " Snorkel " Dispenser 

Full Electrolube Range in 
Stock 

27/- ("Reerd, 
plus I - P. & P. 

TOP QUALITY TEST EQUIPMENT AT COMPETITIVE PRICES 
We offer this invaluable service of factory wired Heathkits. Write for full specifications and details. 
the examples shown are only a few from the comprehensive range. All units are styled to match and 
only best quality components are used. 

VALVE VOLTMETER V-7AIF 
Internationally famous. exceptionally 
versatile, reliable and simple to use 

[£19/18/6 (In Kn . urnt 
C13 18 6) 

32-Page 
Handbook 
with each 
model 

0-12U F LABORATORY OS- I F SERVICE 3 

5 OSCILLOSCOPE OSCILLOSCOPE 

'z-L. 

E47/15 (Inc3éi,i(f)7Ó-rn 
plus carriage 

Overall dimensions 
141" 

Weight 10( lbs. 

£2717 (In £1919 
plus carriage 

4s- page Handbook sup Handbook supplied 
plied with each model with each model 

THE FAMOUS WELLER 
SOLDERING GUN 100w. 72/-

P. & P. 3 - 

BEULAH 
TRANSISTORISED 

VIDEO 
TELEVISION 
MONITORS 

• Specifically designed 
to work in conjunc-
tion with the wide 
range of economy 
type C.C.T.V. Cameras now available 

• Designed for use in either vertical or horizontal 
plane 

• Can be used in cars, aircraft, ships, trains, etc. 
• Coaxial input is arranged for linked loop working 
• Models supplied against special order for operation 
from 12v battery 

• Smallest transistorised types available in the U.K. 
• Housed in strong metal cases 
• Designed for continuous working 
• Six Beulah Monitors can be stacked on a shelf only 

9" deep and 28)" wide 
• All controls situated at the front of the Monitors 
• Ventilation no problem in stacking - negligible heat 

is generated 

e I ouch trigger for instan, 
heat plus focused spotlight 

Beulah -1400- 14- Monitor 75 gns 

Beulah -850- FP, - Monitor 69 gns 

BEULAH D800 
Standard Single Unit 

C.C.T.V. CAMERA 

Supplied complete 
with cable and FI.5 
or FI.9 lens, and in 

the following 
versions: 

AG-9U F AUDIO 

SIGNAL GENERATOR 
10 c s to 100 be s 

£28/19/6 
(In Kit form 121 19 61 

Handbook for each 
model 

MSP-1M STABILISED POWER PACK 
Specially recommend-
ed for industrial and 
laboratory use 

• 200-410V. D.C. sta-
bilised output in 3 
switched ranges 

• Two meters for 
reading voltage and 
current simultane-
ously 

• 6.3v A.C. centre-tapped output at 4.5 amps 
available at front-panel terminals 

• Sep  L.T.and H.T. supply transformers 

msp.,,„, (without £36/17/6 (In Kit forre 
VT meters) £29117/6) 

MSP-1M (mweittehrs) £43/12/6 (In Kit form £36 126) 

AC- I U AUDIO 

SINE-SQUARE 

WAVE 

GENERATOR 

£19/1516 
(In Kit form £ 13 IS) 

Covers 20 c s- I50 Kc with choice of sine or square 
waves— the latter to 50 Kcis 

BEULAH CLOSED CIRCUIT 
TELEVISION CAMER AS 
• Designed and built in this country by 

specialist engineers 
• Offer versatile equipment with unrival-

led range of facilities at a fraction of 
the cost of many other systems 

.3 
.4 

0.4 •••• sl 

I. 405 lines R.F. output 100 mV. 
2. 405 lines Video output IV C.C.I.R. 
3. 625 lines Video output IV C.C.I.R. 
4. 625 lines R.F. output 100 mV. 

VALVES, RESISTORS 
CAPACITORS 

. . . 8/ THOUSANDS 
OF OTHER COMPONENTS 

FROM STOCK! 
ALL YOUR ELECTRONIC EQUIPMENT— SPARES— ACCESSORIES FROM ONE SOURCE 
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For further information circle 239 on Sen ice ( ant 

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES FROM ONE SOURCE 

... all on call from the * Our new premises (See note below) bring together under one roof the combined resources 
of an up-to-date factory, stores and offices and will result in an even better service to 
our many customers in the Electronics Industry 

D.T.V. GROUP TID 6666 
DEPT. I.E. 138 LEWISHAM WAY, NEW CROSS, LONDON, S.E.14 

* PLEASE NOTE! ON AND AFTER 20th MAY OUR ADDRESS WILL BE AS FOLLOWS: 

126 HAMILTON ROAD, LONDON, S.E.27 

Telephone: GIP 6166 (PBX) Day & Night Ansafone Service 

(P.B.X.) 

Day & Night Ansafone Service 

e TERMS OF BUSINESS 
C.W.O., Pro Forma 

or approved account 

AC VOLTAGES . 

DC CURRENT: 
RESISTANCE 

DECIBELS 

AF OUTPUT 
SHORT TESTS 

\ UNIVERSAL 
TESTMETER 
TMK MULTITESTER 

Model 500 ( Imported) 

£8119/6 

DC VOLTAGES: 
0 0.25-1 2.5 - 10-25 - 
100 -250-500-1.000V at 
30,000 ohms per volt. 

0 2.5 10-25-100-250-500-
1,000V at 15,000 ohms per volt. 
0.05-5-50 500 mA ; 0 12 Amps. 
X I K XIOK; X IOOK (60 Megohms 
max.). Centre scale readings 
350 ohms; 35 K. ohms ; 350 K. 
ohms. 
20 to 56 db (0 db 1 mW, 

600 ohms). 
Internal blocking condenser. 
Internal buzzer. 

D.C. CURRENT: 

RES ST AN CE 

CAPACITANCE: 

DECIBELS 

MODEL TP-5S 
TESTMETER 

£5/19/6 
DC VOLTAGES: 
0 10- 50 250 500 
1,000V (20.000 ohms 
per volt). 

AC VOLTAGES: 
0 10 50-250-500-
1,000V ( 10.000 ohms 
per volt). 

O 50 Microamps : 0 5.50 500 
mA. 
O 10 - IOC K; 0 1-10 Meg. 
(centre scale readings 62 
ohms; 620 ohms; 6.2 K; 
62K). 
0.0001-0.005 Microfarads ; 
0.005-0.1 Microfarads. 
—20 to • 36 db in 2 ranges. 

Appointed Distributors 
For TELEFUNKEN VALVES 

INDUSTRIAL TYPES 

Type 

5654 
5672 
5676 
5678 
5726 
5749 
5915 
5920 
5965 
6005 
6057 
6060 
6067 
6080 
6189 
6201 
6211 
6267 
6397 
6397 spec. 
6463 
6681 
6687 
6688 
6922 
7247 
7551 
7643 
7722 
8255 
E80CF 
E8ICC 
E82CC 
E83CC 
E86C 
E88CC 
E9OCC 
E9I AA 
E9IH 
E92CC 
E9SF 
E 130L 
E I 80F 
E188CC 
E280F 
E288CC 
E810F 7788 

Send trade heading for complete list and trade 
prices. Generous discounts to industrial users. 
Delay will be avoided if you permit us to send 
Pinnacle Valves as alternatives. 

Retail 
Equivalent Price 

each 

6AKSW 
DL620 

DF60 
EAA90IS 
6BA6W 
EH9005 
E9OCC 

6AQSW 
ECC803S 
ECC801S 
ECC802 S 

ECC802S 
ECC80IS 

EF8065 
DL70 

ECC803S 
EH9005 
E 180F 
E88CC 

25L6 
E80CF 
E280F 
E88C 
7643 
ECC80IS 
ECC8025 
ECC803S 
EC806S 
6922 
ECC960 
EAA90IS 
EH900S 
ECC962 
5654 

EF86I 

7722 

27/-
29/-
27/-
22/-

25 6 
27/-
33/6 
53 6 
53/6 
32/-
30/-

133/6 
32 - 
32/. 

33 -38/-

130 - 
139 6 
37/-
53/6 
25 6 
52 6 
41 6 
II - 
48 - 
SI - 
80 -
53/6 
51/-
32 - 
30/. 
S36 
41/6 
43 6 
27 - 
22 - 
25 6 
27 - 
40 - 

223 6 
52 6 
51 6 
80 - 
63 6 
108/. 

Industrial 
Users' Price 
Min. Order 

65 

23 4 
15/9 
16/11 
15/9 
12/10 

14/11 
15/9 
19/7 
311 
31/3 
18/8 
17/6 
77/11 
18/8 
18/8 
19 3 
22 2 
75 10 
81 5 
21 7 
31 3 
14 1 I 
30 8 
25 5 
65 
28 - 
29 9 
46 8 
31 3 
29 9 
188 
176 
31 3 
24 3 
25 S 
15 9 
12 10 
14 II 
15 9 
23 4 
130 5 
30 8 
35 11 
46 8 
37 1 
63 - 

A.B. METAL PRODUCTS LTD. 
CLAROSTAT CONTROLS 

,,,,InZor THOUSANDS IN STOCK! 
Special Discount for Quantities 

CARBON TRACK VOLUME 

CONTROLS TYPE 37 ( Less Switch) 
TYPE 375 (With D.P. Switch) 

• Midget Controls. • Max. Current 
Rating watt. Linear. Range from 5 K. 
ohms to 50 K. ohms. • Clockwise Log, 
Range from 100 K. ohms to 2 Megohms. 

PRESET CONTROLS Type 23C 
Range from 25 ohms to 2 Megohms 

WIRE WOUND CONTROLS 
Type 58 (Less Switch) 

Rates 3 watts. Tolerance 20' 
Range "rose 50 ohms to 50 K. ohms. 

MIDGET WIRE WOUND CONTROLS 
Type 43 

Rated I watt (Linear Track). Spindle 2" 

Range Iron, 10 ohms to 25 K. ohms 

CONSTANT-IMPEDANCE 

Diameter I"  

CONTROLS 
• Supplied to specification 

• • Delivery 14 days. 

• For sound systems, T pads, L Pads, mixers and faders 

• Send for full descriptive leaflets and Bulletin 
No. 103. State all values. 

LOW PRICE 
N.P.N. — P.N.P. 
DYNAMIC 

TRANSISTOR 
TESTER 

WITH COMBINED 
POWER SUPPLY 

CHECKS With transis-
tors in situ Alpha gain 
( AC gain). 

CHECKS Beta gain (cur-
rent gain under D.C. 
conditions). 

The :dune tests are made using the tester as self-con-
tained unit, indication, display on neon indicator. 
To convert the D909 to the equivalent of a high priced 
tester and analyser, use an external meter and you can 
measure leakage current between collector base and 
collector emitter. at any voltage between zero and 25 
%oh, 

SIGNAL TRACER. The oscillator in the 0909 can be 
used as a Signal Tracer. 

Labour Saving • Speedy • Simple 
Sizes: 5)" 3" • 2.1" 

FULL TECHNICAL DATA 
ON REQUEST I£10 Post Free 

ISOLATION Make Your Mains 

TRANSFORMERS Outlets Safe 

D.T.V. 1-0058 — 250 WATT 
I , OtATION TRANSFORMER 
Input 200-230 250. Output 200 
230 230. Double wound in steel 
box. 

D.T.V. I 0059 — SOO WATT 
ISOLATION TRANSFORME Z 
Input 230 volts. Output 230 volts. 
Double wound in metal box. 

D.T.V. 1-.0060 — 1000 WATT 
ISOLATION TRANSFORMEt 
Input 230 volts. Output 230 volts. 
Double wound. 

Alternative Input and Output Voltages Available 
State Requirements When Ordering Quantity 
Prices Upon Application. 

£6/1/10 

£911/6 

£11/1/0 

EXCEPTIONAL VALUE IN INTERCOMS FOR 
LABORATORY & FACTORY USE ' 

7-STATION TRANSISTORISED 
INTERCOM 

Master 

14 gns 
Extensions 

2 gns. each 

• Audi., and s,su,iI calling. 
• Battery operated, consumes current only v. hen 

talking or calling. 
• Extensions supplied separately up to 6. 
• Battery life 300 hrs. 

RECTIFIERS 

An important addition to D. T. V. agencies. We supply to 
the industry at manufacturers' prices. 

Latest developments from U.S.A.! 

FROM STOCK: TO ORDER: 
Silicon Rectifiers 
Silicon Controlled 

Rectifiers 
Zener Diodes 
Selenium Rectifiers 

NEW ZENER 

Solar Cells 
Photo Cells 
Send Business Heading 
for Price List and Data 
Sheets 

DIODE KIT! 
The cost of these items if bought individually would be 

more thon £20 

40 Zener Diodes and Design Hand-
book. List available. £10  
FOUR INTERNATIONAL RECTIFIER 

COMPANY PUBLICATIONS 
• Engineering Handbook. 128 pages. 
• Solar Cell & Photo Cell Handbook. III pages. 
• Zener Diode Handbook. 96 pages. 
• The Controlled Rectifier. 132 pages. 

ALL 15/9 inc. or Set of 4-63 
post free 

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES FROM ONE SOURCE 
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For further information circle 240 on Service Card 

Cheapest way to chop 
DC to AC— with an AEI Synchronous Chopper. It fits a standard B9A 9- pin thermionic valve holder, is 

suitable tor feeding both high resistance and transformer-coupled low impedance circuits, its low noise level allows 
a 1 microvolt signal to be detected. Typical applications are: recording thermo-couple and ionisation chamber outputs; 
drift correction in aralogue computer amplifiers; general instrumentation. Stability is high, operational life is long. 

Available in two models: CK3 for 50 c/s; CK4 for 100 c/s. 

CK3 ék CK4 SYNCHRONOUS CHOPPER 

WRITE FOR DETAILS AND TECHNICAL DATA TO: AEI INSTRLNENTATION DIVISION, INSTRUMENT AND METER DEPARTMENT, TRAFFORD PARK, MANCHESTER 17 
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Associated Electrical Industries Limited 
Instrumentation Division 

11101 
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HAVE YOU A 

CcD 
METAL 
SEALING PROBLEM? 

TELCON METALS LTD 

For this 9 inch diameter glass to metal sealing ring 

M U LLARD LTD 
use TELCOSEAL 1, one of the five glass sealing alloys 

manufactured by 

TELCON METALS LTD 
These are available as strip up to 6" wide (normal 
production) in thicknesses down to 0.008, but widths 

of 10, 12" and 113* can be specially produced. All alloys 
can be supplied in the forms of drawn wire and rod. 

For further details, please apply to: 

P.O. Box 12 • Manor Royal • Crawley • Sussex • Telephone: Crawley 28800 Telex 8748 Telegrams: Telcon. Crawley 

MEMBER OF THE um GROUP OF COMPANIES 

A total of 156 ways per switch 
are possible 

Hendrey Relays' 

For further information circle 242 on Service Card 

A#1.0.5 Type No. 5D/I849 

HENDREY RELAYS LTD. • 390,394 BATH ROAD • SLOUGH BUCKS • Telephone: Burnham 609/611 

Telegrams: Hendrelay" Slough 
MANUFACTURING ELECTRICAL ENGINEERS • CONTROL AND LABORATORY APPARATUS 

On Admiralty, Principal Ministries and Post Office Lists. A.R.B. and M.O.A. Approved Design 84 Inspection. 

Industrial Electronics May 1963 

R. J. Hendrey. 
Founder and Managing 

Director) 

39 



For further information circle 243 on Service Card 

Serving 

Electronics 

in the Sixties 

Recognition of leadership in quality stand-
ards and presentation ensures a vital role 
for SIFAM Instruments in the electronic 
equipment of the sixties. 

Wherever nothing less than complete de-
pendability and performance to inflexible 
standards of accuracy is acceptable— even 
under the most unfavourable conditions— 
there is a SIFAM Instrument which more 

than "fills the bill"—at a competitive price. 

For a complete picture of the range write 
for Folder 57, "Serving Electronics in the 
Sixties — Sifam Instruments at a Glance" 
a new publication giving usefully brief, 

concise details of every instrument, includ-
ing the newest developments. 

• 

pe4. › ed 

INSTRUMENTS 

SIFAM ELECTRICAL INSTRUMENT CO., LTD. 

Woodland Road, Torquay, Devon. 

Telephone: Torquay 83822/314 

4.35 a.m. Florida time, July 10, 1962— the 
Thor-Delta rocket lifts off with Telstar 
satellite, a major advance in world commun-

ications technique. 

40 

See the new " CLARITY" 
and "HARMONY" ranges 

at the R.E.C.S., Olympia, 

21st - 24th May 

Stand No. 405 

WESSEX FLUSH MOUNTING 
Types 61, 41, 31, 21 

RECTANGULAR FLUSH MOUNTING 

Type 43 

RECTANGULAR FLUSH MOUNTING 

Type 65 

RECTANGULAR FLUSH MOUNTING 

Type 54 

SQUARE FLANGE FLUSH MOUNTING 

Types 404, 303, 202 

FLUSH HORIZONTAL MOUNTING 

Types EH100, EH50, EH30 

16. Aiminemwo. . 

ROUND FLUSH MOUNTING 

Types 60, 40, 35, 25 
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NEW HMO 

PLANAR 
40160, 2011cEo, 500 

SWITCH 

BASE 

CONTACT 

Philco Interdigitated emitter— base configuration means faster switching over a wider current range. 

I\ 
NEW PHILCO 2N2710 

:.04rd,datea Epita.mi S.hcon 

Planar NI'S Transistor, in 

— 

Plinc 0 2N2710 

CHAR ,aCTERIST/CS 

• min 

vccs 30v min 

Vcio 20v Min 
Viso 5v min 
hrc 40 min 

Icto 30raaman 

tom 20 nsec man 
ts 15 nsec man 

IoFT 35 nsc-c max 
f... 500 mc min 

Only Philco gives you so much design margin in so 
many parameters—with proven planar reliability. The 
new Philco 2N2710 presents industry's best combi-
nation of speed, voltage, and beta. It also is specified 
for leakage current an order of magnitude lower 
than l specifications of other 500 mc fr switches. 
Every 2N2710 parameter is outstanding. Get 
complete data today from your Philco office in London. 

PH I LCO 
INTERNATIONAL LIMITED 
Semiconductor Sales Division   
30-32 GRAY'S INN ROAD W.C.1 CHANCERY 3668 
Write or telephone also 
for full details of all Philco semiconductor products 

/nth/stria/ Eketrorrjr.‘ I/at 19().? 4 I 
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STAND No 483 

GRAND HALL GALLERY 

TRANSFER 
STANDARD? 

A piece of string is convenient for measuring 
but convenience is not always the criterion, 
accuracy is often required as well. 
To combine the two takes no effort; 
a phone call to us produces full details 
of the D.C. Signal Generator, 
an instrument which is both convenient and accurate. 
Calibration and checking of instruments and components 

is simple and speedy. 
Simple decade operation allows voltages 
from 1 millivolt to 500 volts 
to be selected with 0-5% accuracy. 
Resolution on each of four voltage ranges is 0-2% 
Square wave outputs at 1 c/s or 50 c,'s are available, 
producing positive, negative or balanced pulses 
up to 50 volts peak. 
Four accurate constant current outputs are provided, 
ranging from 10 micro-amperes to 10 milli-amperes. 
Write or phone for full technical data. 

G & E BRADLEY LTD., ELECTRAL HOUSE. NEASDEN LANE. LONDON. N.W.I0 

Telephone: DoIlls Hill 7811. Telegrams: Bradelec London N.W.I0. Telex: 25583 
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When your work 
is worthy 

of the world's 
finest instruments... 

IP SITU ueoveRsAL. 123V5G2 TI21O' 
On O. 

TF 2701 

Marconi Instruments FOR BRIDGES 
The TF 2701 In Situ Universal Bridge (illustrated) will 

measure normal resistors, capacitors and inductors; or 

either component of a parallel R-C combination; or 

components which form one arm of a three-terminal 

network. This facility is particularly useful for the 

measurement of components mounted on printed circuit 

boards. Bridge source and detector are transistored, 

operating from internal 9 V batteries. 

Measurement. Ranges: 0.002 pF to 11,000 J.IF in eleven 

ranges, 1 µH to 110 kH in ten ranges, 0.010 to 110 Mil in 

nine ranges. Internal frequencies 1 kcjs and 80 c/s. 

Price £170 

Please write for full particulars of these versatile instruments. 

Address your enquiries to Marconi Instruments Limited at 
your nearest office. 

TF 2700 Universal Bridge 
0.5 pF to 1,100 pF, 0.2 pH to 110 H at 1 kc/s, 0.01 ti to 
11 MU at d.c. L, C or R measurements at a.f., 20 c s to 
20 kc/s with external oscillators. 
TF 868B Universal Bridge 

1 pH to 100 H, 1 pF to 100 pF; at 1 and 10 kc/s. 0.1 (I to 
100 MU at d.c. 

TF 1313 ;I% Universal Bridge 
0.1 pH to 110 H, 0.1 pF to 110 pF; at 1 and 10 kc/s. 
0.003 I/ to 110 MU at d.c. 

TF 1342 Low-Capacitance Bridge 
0.002 pF to 1,111 pF at 1 kc/s. Shunt resistance: 
1 to 1,000 MS-2 

TF 1245 Circuit Magnification Meter 
Q from 5 to 1,000, 1 kcrs to 300 Mc/s. External oscillators. 
TF 704C Dielectric Test Set 

Precise determination of permittivity and power factor in 
dielectrics from 50 kcJs to 100 Mc/s 

Area Offices: 

English Electric House, Strand, London, W.C.2. Telephone: CO Vent Garden 1234 
40 Whiteladies Road, Bristol 8. Telephone: Bristol 39639 

23/25 Station Square, Harrogate Telephone: Harrogate 67454 

Head Office—Home and Export Sales: 

St. Albans, Herts., England. Telephone: St. Albans 59292 

.4 GOOD _VA ME FOI? GOOD MEASURE 

MARCONI 
INSTRUMENTS 

TC 230 

Industrial Electronics May 1963 
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Range of Anode Voltage ... 12.6-400 volts 

Range of Screen Voltage ... 12.6-300 volts 

Range of Heater Voltage ... 0.625-117.5 

Heater Current ... ... 3A max. 

Anode Current ... ... 100mA max. 

Mutual Conductance ... ... 0.1-60 mA.V max. 

Negative Grid voltage... ... 0-100V in 9 ranges 

'Gas CL.rrent 2A first indication 

Fully de!criptive pamphlet 
available free on appli-
cation. 

44 

Valve 

Characteristic 

Meter MIKIV 

One valve can play such an important part in 
complex electrical circuitry. The Ayo Valve Charac-
teristic Meter has been designed to test any standard 
receiving or transmitting valve having up to a 
maximum anode dissipation of 25W. Inter-electrode 
insulation, anode current, mutual conductance and 
'gas' current can be measured and, by making a 
series of tests, complete families of cm-ves may be 
plotted. Rectifiers and signal diodes are tested under 
suitable load conditions. A comprehensive data 
manual is supplied with the instrument, which 
operates from 100-120 volts and 200-260 volts, 
50-60 cis A.C. mains. 

6,000 different kinds of valves can be tested on this instrument 
without recourse to Manufacturers' data or charts. 

IC 13 AVOCET HOUSE • 92-96 VAUXHALL BRIDGE ROAD • LONDON • S.W.I 

Telepho,e: VICtorla 3404 (12 lones) Pot Telegrams• M'OCET, LONDON S siV 

Industrial Electronics ,Way /962 
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THE MOST ECONOMICALLY PRICED RELAY OF ITS TYPE! 
The Thorn Pygmy Power Relay is designed for use in remotely controlled automation units. It is absolutely inydluable where 
rapid assembly, interchangeability, minimum dimensions, and economy are required. 

RADIO & ELECTRONIC 
COMPONENT SCN 

OLYMPIA 

21-24 MAY 
STAND 111 

*2 pole and 3 pole changeover contacts 

Plugs into 1.0. and B.11A bases * Trans-

parent cover- keeps out dust and allows 

inspection * Weighs 4/2 oz and projects 

only 2" above base * Mechanical life of 

over 10,000,000 operations. 

THE THORN PYGMY POWER RELAY 

TECHNICAL DATA 

Switching Current: 2 pole 5 amps maximum at 250 volts 

AC, 3 pole 2 amps maximum at 250 volts AC. 

Maximum Surge Current: 2 pole 10 amps, 3 pole 5 amps 

Operate Time: 8 milliseconds approx. 

Release Time: 6 milliseconds approx. 

Overall Dimensions: 1.38 square by 2.54' 

Coil Voltage: 240 volts DC. Also available for 6, 12, 
24, 48, 60, 110 volts either AC or DC 

THORN ELECTRICAL INDUSTRIES LTD., SPECIAL PRODUCTS DIVISION. GREAT CAMBRIDGE ROAD. ENFIELD. MIDDLESEX. TELEPHONE ENFIELD 5353. 

Industrial Electronics May 1963 
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Od 

plastics 

A world-wide view of plastics progress 

Interplas 63 
You can profitably pay several visits to this vast showplace of the 

world's plastics industries where you can study the newest mach-

inery, equipment, materials and products from 500 firms in 15 

countries. Gather ideas for product improvement, cost reduction. 

See how plastics can be moulded, extruded, foamed, laminated 

into everything from shoe heels to houses, from propeller-shaft 

bearings to paper clips. Discuss your plastics problems with 

experts, join in the Convention, addressed by the industry's leading 

authorities. Interplas 63 will provide a new perspective on the 

unlimited potential of plastics today—and tomorrow. 

Organised by BRITISH PLASTICS AND INTERNATIONAL PLASTICS ENGINEERING 
with the co-operation of the British Plastics Federation. 

41.1k 

A 

I. 

100 YEARS OF PLASTICS 
The Plastics Centenary Year will be 
marked by a special display of interest 
to ever one concerned with plastics. 

DESIGN AWARD 
(her two hundred of the world's 
finest plastics products for the home 
in the INTERPLAS Design Display. 
The Exhibition's special trophy 
to the designer of the best product. 

FILMS ABOUT PLASTICS 
New films on all aspects of 
plastics proda< lion at the Interplas cinema, 
open daily to all visitors. 

OLYMPIA LONDON 12-22 JUNE 

A major 

event you 

must not miss 

FILL IN 

AND POST 

TODAY 

The Exhibition Manager, Interplas 63, Dorset House, Stamford St., London S.E.1. 
Please send me further information and a season ticket. 

Name 

Address 

Firm ( if applicable) 

Date _ 556 

46 Industrial Electronics May 1963 



For further information circle 250 on Service Card 

SEMICONDUCTORS FOR ELECTRONICS 

SILICON DIODE 
SxBR2 
1.5A 100-1800v. 

SILICON DIODE 
SxA06 
200mA 60-400v. 

SILICON DIODE 
SxAR2 
1A 100-1800v. 

'TRINISTOR' 
silicon controlled 
rectifier CS12 
lA 25-400v. 

'TRINISTOR' 
silicon cont oiled 
rectifier CS13 
lA 25-400v 

'TRINISTOR' 
silicon controlled 
rectifier CS11 
500mA 25-400v. 

Please write for full details to: Dept IE 63 Rectifier Division, Semiconductor Dept. 

WESTINGHOUSE BRAKE AND SIGNAL CO LTD 
82, York Way, King's Cross, London, N. I. Tel : TERminus 6432 Telex No 2-3225 

VISIT STAND No. 305 
RADIO AND ELECTRONIC COMPONENT SHOW, OLYMPIA, 21-24 MAY 1963 

Industrial Electronics May 1963 
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R.E.C.M.F. 
Exhibition 
STAND 

NUMBER 57 

delivery 
dates ARE 
important 

yv
e know the importance of making realistic 
delivery promises, and abiding by them. 

We know that cabinets and consoles to 
house electrical and electronic equipment often 

have to be designed and produced in a hurry and we 
are organised to do this. We know that a major 
factor in our success is the close personal contact 
we establish and maintain with our customers at 

every stage of project development. We know that 

tricky one-off special jobs can be a headache to 

some people, but we like handling them. We think 
we are useful people to know and we would like 
you to know us. May we send you our literature? 

Ilasse L. Ilarper 
REGENT PLACE • BIRMINGHAM 

TELEPHONE: CENTRAL 6418 

48 

WHITELEY 
miniature 

ELECTRONIC 
COMPONENTS 

Reduce your problems 

and equipment size 

to a minimum 

of-e) 

41?•04 
,eâlto 

GET IN TOUCH WITH US NOW! 

WHITELEY ELECTRICAL RADIO CO. LTD. 

The above illustration shows a 
range of moulded bobbin assemblies 
for small transformers and chokes, to-
gether with a miniature volume control 
and switch. 

Illustrated at left are: A Potentio-
meter mounting — an illustration of 
potting and casting material, a small 
iron cored choke which is represen-
tative of the many types we 
manufacture and an example of a 
toroidal winding on a mu-metal core 
encapsulated in epoxy resin. 

Our technical aavisory staff are always 
available to discuss your individual prob-
lems. 

MANSFIELD • NOTTS 

Telephone: Mansfield 1752, 5 
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OAK PRODUCTS 
ROTARY, PUSHBUTTON AND SLIDE SWITCHES • RELAYS • VIBRATORS 

CHOPPERS - APPLIANCE AND VENDING CONTROLS • CONTROL ASSEMBLIES 

MARKETED BY 

DIAMOND H 
CONTROLS LTD 

Type 510 Hermetically Sealed High Speed Relay 
for reliable low level switching. 

Ambient temperature range: — 55°C to + 100°C 

Vibration: 10G from 10-500 c.p.s. 
600 Series Choppers 
High Stability 

Low Starting voltage, unaffected by "NO LOAD" 
High temperature operating range. 

SP660, 
sAait, litte` 

T•51: 

7111111111e",.. 

' CPS 

Slide Switch. 

Two position slide switch. 

Positive indexing in both positions 
Double wiping self-cleaning contacts. 

Rated at 3 amp 125V. A.C. 

Various contact arrangements 

including double pole double throw. 

DIAMOND H CONTROLS LIMITED 
A SUBSIDIARY OF OAK MANUFACTURING CO., CRYSTAL LAKE, ILLINOIS 

GUNNERSBURY AVENUE • CHISWICK • LONDON • W4 
Telephone: CHIswick 6444 Cables: Diamonhart London W4 

Industrial Electronics May 1963 .4') 
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Rotary Switches. 

Illustrated are the 5" dia. switch available for switching 

up to 12 positions. Can incorporate 1 to 5 sections, also 

the 1" dia, switch available from 5 pole 2 position to 
single pole 12- position—all in one section. 

Other types available up to 28 indexing positions. 

Illuminated " Press-Lite" switches 

Single pole double throw maintained contacts 2 and 
15 amp 125V. A.C. 

Models: 2 amp er" dia. 15 amp "dia. 
Ambient temperature range: — 25°C to +65°C 
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communications 

Aerials 
At this R.E.C.M.F. exhibition 
J-Beam are showing a range of 
aerials that is amongst the most 
advanced in the world in design and 
construction for world-wide 
communications. Backed by 
unsurpassed resources in specialist 
know-how, experienced designers, 
erection teams and manufacturing 
equipment, these aerials are of all 
kinds, types and sizes, including: 

• Domestic TV aerials for all channels, 
including Band 4 and 5 

• BBC receiving aerials 
• Radio-telephone aerials 
• Marine aerial equipments 
• Professional broadcast transmission 

aerials 

Aerials are available with a variety 
of protection finishes and features, 
including De-Icing Heaters, Anti-
Static Shrouds, Protective 
Spraying, Glass-Fibre Coating— 
some on view for the first time ever, 

for the latest in Aerials 

make a Bee-line 

to J-BEAM 

STAND 174 
R.E.C.M.F. exhibition 

ye .1-Beam Aerials Ltd., 
Wellingborough Road, 
Weston Favell, Northampton 
Telephone: Northampton 33114 

A member of the 

ASSOCIATED AERIALS GROUP combining: 

.1-B earn Aerials Ltd. 

J-Beam (Ireland) Ltd. 

.I-Beam Installations Ltd. 

R.T.A.S. Ltd. 

R.T. Masts Ltd. 

G.S.V. (Marine & Commercial) Ltd. 

G.S.V. Australia Pty. 

G.S.V. Transmitting Systems Ltd. 

North Kent Distributors Ltd. 
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(IC EUROPEAN SERVICE announces: 

ON THE TARCETf 

WITH 

ELIMINATE LOADING ERRORS 

Input shalt position 
corresponding to 
Range R 

LINEAR 
POT 

SINE -COSINE 
.0T 

,nput shaft position 
corresponding to 
Radar Elevation 
Angle 0 

OUTPUT 
Ft SINE 0 

I r O 

  %/-

ourPur ..-
R COSINE 

.1 .-

SINE-COSINE 
FILM POTS 

-0.015% ACCURACY! 
INFINITE RESOLUTION! 

/ R COSINE 

• 

• ',7,/•• 

COMPARE SYSTEMS ERROR YOURSELF! 
Typical example of Radar 
Tracking System Problem 
To accurately locate target 

Error with 
conventional Resok.ers 

Error with 
C.I.C. Film Pots 

Range to Target: 50,000 yards 
Radar Elevation Angle: 45 

Loading Error and Quadrature 35 Quadrature due to Inductance 0 
Resolution   30 Resolution   0 
Linearity  SO Linear ity ( incl. load)   8 

115 yds 8 yds 

WRITE TO US OR TELEPHDNE FOR COMPLETE DATA SHEETS 

Radar Display and Tracking Systems, Intertial 

Guidance and Fire Control, Analogue and Air Data 

Computers, Tube Scanning, and many Control 

Applications are served with C1C Pots, linear and 

non-linear, from inch to 5 inch diameter, single 

or multi-gang, with or without taps, including 3-

and 10-turn types, and low-torque low- inertia units. 

  FIRST IN FILM POTS 

Computer Controls Ltd. 17 Buckingham Street, London, W.C.2 

TleAfalgar 2371 

Industrial Electronics May 1963 51 



For further information circle 256 on Service Card 

EQUIPMENT 

FOR 

PRODUCTION 

ADCOLA'S DOUBLE BANKED FOR JO:NTING 

CIRCUITS WITH LARGE AND SMALL 

TERMINATIONS 

All communications to: 

ADCOLA PRODUCTS LTD. 
ADCOLA HOUSE 

GAUDEN ROAD 

LONDON, S.W.4 

51 

Soldering Instruments 

for 

Vital and Exacting Work 

SOLDER JOINTS OF THE HIGHEST DEPENDABILITY 

ARE CALLED FOR WHEN CIRCUITS ARE TO OPERATE 

UNATTENDED FOR YEARS ON OCEAN BEDS 

Illustration shows 

SOLDER JOINTING TERMINATIONS ON THE UNITS OF THE 

SUBMARINE REPEATERS FOR COMPAC CABLE WHICH WILL 

LINK AUSTRALIA, NEW ZEALAND, FIJI AND CANADA 

Photograph by courtesy of Submarine Cables Ltd. 

Telephones: MACaulay 4272 & 3101 

Telegrams: SOLJOINT LONDON S.W.4 
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mec 
rit ecpot 

MONOATURE 

TRIMMER 
POTENTIOMETERS 

MP30 MP31 MP32 

Miniature Electronic Components Limited 

SEE US ON/ 114 

MECPOT SPECIFICATION:-

1 WATT AT 20 C. k WATT AT 80 C 
IOU TO 20 kft. - 40 C (DRY) TO 85 C. 

20 TURNS AND SLIPPING CLUTCH. 

OTHER mec MINIATURE TRIMMER 
POTENTIOMETERS AND PRECISION 

WIRE-WOUND RESISTORS AVAIL-

ABLE FOR DEFENCE APPLICATIONS. 

ST. JOHNS WOKING SURREY 
TEL.: WOKING 5211 

Write for the appropriate literature. 

Industrial Electronics May 1963 
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The finest testing instruments are 
1/ r. • 

VOLTAGE INDICATOR 
This new unique instrument is the perfect substitute for test lamps. It operates 

in the 50-600 volt range at any frequency and on D.C. It fits comfortably into 

the hand,_ measures only 4." • 21" • '1", is:almost unbreakable, and has no 

moving parts. Indication is by four neon tubes which light progressively as 

the voltage rises. The use of a number of tubes is an additional safety 

factor as at the higher and more lethal voltages more than one lamp is 
illuminated. Fully fused and protected. Can be used to ascertain polarity. 

11 I. 1 

VOLTAGE TESTER 
The MARTINDALE Model F.P. Voltage Tester incorporates 
exclusive features and advantages (including unique prod 
design) that make for maximum efficiency with complete 
safety. Instantly records voltage (up to 600), whether A.C. 
or D.C., if wires dead or alive, which is " earth ". Fully fused 
and protected. A low Voltage Tester L.V F.P. is also available 
for 24/100 voltages. 

Write for illustrated 
descriptive 
leaflet to: 

MARTINDALE ELECTRIC CO. LTD., Dept. H1, Movitex House, 6 Empire Way, Wembley, Middlesex. Tel: Wembley 3041 
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Electromechanics 
A First Course in Electromechanical Energy Conversion 

HUGH HILDRETH SKILLING, Professor of 

Electrical Engineering, Stanford University 

The fundamental aim of this book is to present all of the 
material that engineers must know about the e'ectromechanical 
fie'd. The author includes the basic principles and descriptive 
information that is necessary for engineers who will use 
electromechanical devices, but will not design them. The book 
is oriented toward the systems concept, not devices, because all 
devices are the components of the system; however, the 
ultimate interest of the engineer is the system into which his 
device goes. 488 pages, 62s. 

Electronic Engineering 
CHARLES L. ALLEY and KENNETH W. ATWOOD, both 

Professors in the Electrical Engineering Department, 

University of Utah 

This book is designed to provide the breadth and depth of 
understanding required by the capable present day engineer. 
It includes the basic physical principles and basic operating 
principles which are necessary for a good understanding of the 
many electronic devices currently in use, such as transistors, 
vacuum tubes, tunnel diodes, controlled rectifiers and diodes. 
Graphical analysis techniques and equiva'ent circuits are 
developed for each type of device considered and applications 
are given as each device is discussed. 616 pages, 79s. 

John Wiley • Interscience 
Glen House • Stag Place • London SW1 
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Illuminated 
PUSH-BUTTON 

SWITCHES 

Up to two change over switches 230V A.C. 6 amps, 
momentary or push/push, fast action. 5 screen 
colours, wide, range of lamp voltages, matching 
annunciators available. Write for full details and 
prices. 

DUBESCO Laboratories Limited 
5 Violet Hill, London N.W.8. 

MAIda Vale 4577 
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NO SHADOWS.. 
LESS PANEL SPACE 

402 
AND RELIABILITY 

This new addition to the Ernest Turner range of precision 
electrical measuring instruments occupies even less panel 
space for its scaie length and the transparent cover allows 
maximum light to reach the dial, giving freedom from 
shadows and facilitating rapid, accurate reacing. 

The model illustrated is the 402 with a scale length of 2" 
approx., the model 403 is available with a scale length of 
3r approx. Both can be supplied with the styling insert in 
a choice of colours. 

In common with the majority of Ernest Turner instruments, 
the 402 and 403 can be supplied with special dial marking, 
mirror scale, choice of pointer shape, and a wide variety of 
fittings to extend the generous basic ranges. 

Full details are given in Catalogue No. 85/21, available on 
request from: 

ERNEST TURNER ELECTRICAL INSTRUMENTS LTD. 
HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND. Tel: 1-11;gh Wycombe 1301 

Industrial Electronics .1lay 1963 55 



For further information circle 262 on Service Card 

DIRECT RECORDING 

ULTRA-VIOLET 

OSCILLOGRAPH 

Telephone Or write for a demonstration to 

SOUTHERN INSTRUMENTS LTD 
INSTRUMENTATION DIVISION 

FRIMLEY ROAD CAMBERLEY SURREY. Tel. CAMBERLEY 3401 
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METEOR COIL WINDERS 

(SWISS MADE) 

No gears to cause backlash 
Suitable for winding wires as srnall 
as 0 0004 in. diameter. Arranged for 
single or multiple winding; layer 
shortening device available. 
Traverse is obtained by 
magnetic clamping on 
to a non-reversing steel 
tape. 
Extremely fine reversal 
settings by 
micro limit 
switches. 
Stops auto-
matically if 
wire breaks. 

Demonstrations arranged 
at our London works on 
request. 
Please write for leaflet. 

SOLE AGENTS FOR THE U.K. 

888 * tit 

ACBARS LTD. Minh BROS. LTD.. 20-21 Kirby St.. London. 
331-3 WALWORTH ROAD, LONDON, S.E.I7 RODrier 7822 

Series M1250 

• direct recording—no chemicals 

• d.c. up to 10,000 cycles per second 

* up to 18 channels 

* trace amplitude 6 inches 

* automatic trace identification 

* event marker 

* datum traces 

* crystal controlled timing lines 

* adjustable intensity grid lines 

* paper supply indicator 

* pre-set record length 

* automatic re-spooling 

* 12 speeds 0.02 to 100 inches per sec. 

* remote control facilities 
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FABER-CASTELL 

SLIDE RULES 
I 0" models 65/- to 115 -
complete with case and 

instructions. 

10" student rules 27; lo 

42/6 in plastic case with 
instructions. 

_ 

FABER-CASTELL slide rules 

with a world-wide reputation for 

accuracy are also produced in 

Geroplast, a specially developed 

plastic material. This guarantees 

the same precision as with the 

familiar wood based rule. 

The " Duplex" series offer excel-

lent scale arrangements for the 

expert, the new NO VO-DUPLEX 

No. 2,83 incorportaing the latest 

advance in design. 

See these rules at your supplier or write for literature to :— 

56 Industrial Electronics May 1963 



For further information circle 265 on Sers ice Card For further information circle 267 on Service Card 

The first two 

volumes in an 

important new series 

Radio and Une Transmission 
VOLUMES 1 & 2 

G. L. Danielson, M.SCT(TECH.)7B.SC.7AM.I.E.È. Head of Telecom-

munications and Technical Dept., Norwood Technical College 

and R. S. Walker, GRAD. LEE.. GRAD. BRIT. I.R.E. 

Senior Lecturer, Norwood Technical College 

Part of a series primarily intended to cover the Telecommuni-
cations Technicians' Course of the City and Guilds of London 
Institute. These two volumes cover the 2nd and 3rd year syllabi 
of the City and Guilds course. Each book is lavishly illustrated 
with line and circuit diagrams. Of utmost assistance to students, 
whether attending a full-time course or doing part-time study. 

Vol. 1 21s. net by post 21s. 10d. 252 pp. illustrated 
Vol. II 22s. 6d. net by post 23s. 5d. 279 pp. illust. ( ready July) 

obtainable from leading booksellers 

Published for ILIFFE Books Ltd. 

DORSET HOUSE, STAMFORD STREET, LONDON, S.E.I 

BONNELLA 
SWITCHES 
For instruments and electronic 
applications stand no 454 
R.E.C.M.F. exhibition 

D. H. BONNELLA & SON LTD. 
WEST HILL HODDESDON HERTS. Tel HODDESDON 4484 
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DON'T PASS BY:-

Relays 84 Electrical Regulators 

from KAYE ELECTRICAL LTD., 11 ST. ANN'S ROAD 
HARROW, MIDDLESEX 

Sole agents for England. Scotland and Wales. Write now for your illustrated booklet. 

MAY BE JUST WHAT YOU NEED 
FULL RANGE INCLUDES 

Solid Contact Relays • Mercury Contact Relays 

Time Delay Relays - Programmed Relays 

Ringing Current Relays • Plug-in Relays 

Transistorised Relays • Boiler Control Relays 

For AC or DC Operation • From 12 volts upwards 

TIME DELAY MERCURY CONTACT RELAY. Single pole make or 

break, to carry up to 15 amps. Time delays up to 30 seconds. Coil 

voltages from 12 volts upwards, either AC or DC operation. 

SOLID CONTACT PLUG-

IN RELAYS. For either 

AC or DC. Operation 

from 12 volts upwards. 

Contacts up to 8m or 8b 

at 1 amp or 4c at 6 amps. 

Totally enclosed in strong 

plastic cover with holding 

clip. Available without 

plug and base, if required 

Manufacturers: EBERLE & CO., NURNBERG, GERMANY 
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YOU CAN PUTA COMPUTER IN ITS PLACE... 
... if you train to bean IBM Customer Engineer. 
You will be doing a vital and interesting job 
installing electronic and electro-mechanical 
data processing equipment and ensuring its 
constant and efficient operation. 
You must be able to work confidently with all 
levels of customer-management. To do this, 
the IBM Customer Engineer must acquire a 
sound grasp of business methods and pro-
gramming techniques. It's the kind of job that 
requires young, self-reliant, intelligent men 
who are able to make decisions. Men who 
already have a basic knowledge of electronics 
which they feel they could apply to the excit-
ing field of data processing. (C & G 47, or a 
Services Radar Course would indicate an 
acceptable standard.) 
For young men looking for this kind of oppor-

tunity, IBM offers a thorough training for a 
rewarding career. During training, IBM will 
pay a starting salary of at least £750 per 
annum, or more if your experience and apti-
tude justify. If this is the opening you have 
been waiting for, please write, giving full 
details of age, experience, training and back-
ground to: Mr. I. F. Bush, Personnel Selection 
Department, IBM United Kingdom Limited, 
101 Wigmore Street, London, W.1, quoting 
reference CE/1E/585. 

IBM 
IBM IS EXPANDING 08.71 
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INDUSTRIAL 
ELECTRONICS 

Press date for the June 1963 issue is 

first post 22nd May 1963 

CLASSIFIED ADVERTISEMENTS 
Advertisement Rates. 6d. per word, minimum charge 6/-, each paragraph charged 
separately. Remittances payable to" Industrial Electronics", Dorset House, Stamford 
St., S.E.I. 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, c/o " Industrial 
Electronics", Dorset House, Stamford Street, London, S.E.I. 
Semi-Display advertisements with centralized lines f1/15/- per single column inch, 
Display advertisements £2/10/- per single column inch—no additional charge for Box 
Numbers. The Publishers are not responsible for clerical or printers' errors although 
every rare is taken to avoid mistakes. 

SERVICES OFFERED 

DESIGN . \ND DEN ELOPMENT 
Electronic equipment designed, developed and 
manufactured. Prototypes, one offs" and pro-
duction runs of electronic industrial control systems, 
test instruments and equipment for special applica-
tions promptly undertaken. 

QUA RNDON ELECTRONICS. LIMITED. 
102, Friar Gate, Derby. 45622. 

12026 

SITUATIONS VACANT 

Electronic Engineer for Development Dept. at 
Company manufacturing high precision recording 
and controlling instruments. Applicants, minimum 
age 28, with wide experience of L.F. and I.F. 
circuitry, working at microvolt level, printed 
circuit techniques, solid-state devices and automatic 
control principles and techniques. Experience of 
digital data handling equipment desirable. Minimum 
qualifications H.N.C. Apply in writing to Leeds & 
Northrup Ltd. ( Ref. MR), Wharfdale Road, Tyseley. 
Birmingham, I I. 

[2025 

The 

Interesting job with excellent salary 
for a keen hard worker, experienced in 

ELECTRICAL AND ELECTRONIC 
EQUIPMENT, TV, RECORD 

PLAYERS, ETC. 

Able to drive and willing w travel 
around Kent. 

Resident in East Kent preferable. 
Vehicle provided. 
3 weeks' holiday p.a. 

References required for bonding 
purposes. 

If you think you are capable of the job 
please write to box 5211. 

PATENTS 

Patent No: 773,720 entitled " Amplifier Employing 
Broad Band Tuned Circuit" is for sale or licence. 
For details apply to CHATWIN Se COMPANY. 
Chartered Patent Agents, 253, Gray's Inn Road, 
London. W.C. I. 
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answer to the problem of communication 

OVER 5,500 
technical terms in 

English, French 

German, Italian 

Spanish& Russian 

SIX-LANGUAGE 

DICTIONARY OF 
AUTOMATION, 
ELECTRONICS 

AND SCIENTIFIC 
INSTRUMENTS 

invaluable to all interested in technical 

developments in automation and electronics 

Compiled by a team of multi-lingual technologists fully conversant 

with latest terminology, this new dictionary will enable anyone, 
whether scientist, engineer or technologist, to read and under-

stand the technical literature on electronics and automation 
control in any one of the six principal languages of which he 
already has a basic knowledge. 

Essential for libraries and professional translators, it is invalu-

able to everyone who must be familiar with current international 
development in the fields of automation and electronics. 

105s net by post 107s 9d 10" . 8" 732 pages 

obtainable from leading booksellers 

Pubbshed by ILIFFE Books Ltd. 

DORSET HOUSE STAMFORD STREET LONDON S.E.1 
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Patent No: 797,599 entitled " Electrical Connector, 
particularly for the Pins of a Valve" is for sale or 
licence. For details apply to CHATWIN & 
COMPANY, Chartered Patent Agents, 253, Gray's 
Inn Road, London, W.C.I. 

(2023 

797.136 entitled " Filament Lead-in and Impedance 
Matching Structure for a Grounded Grid Amplifier", 
is for sale or licence. For details apply to CHATWIN 
& COMPANY, Chartered Patent Agents, 253. 
Gray's Inn Road, London. W.C.I. 

[2024 

BOOKS, ETC. 

"BASIC Mathematics for Radio and Electronics." 
By F. M. Colebrook, B.Sc., DIC., A.C.G.I. 
Revised and enlarged by J. M. Head, M.A. 
(Cantab). Presents in readable form a complete 
course in basic mathematics for engineering 
students of all kinds and leads on to the more 
advanced branches of mathematics of increasing 
importance to radio engineers. In this edition the 
chapter covering the application of mathematics 
to radii() has been revised and enlarged, while new 
subiects covered include Stability, Linear Differen-
tial Equations, Elementary Statistics, Short Cuts 
to Numerical Calculations and an Introduction 
to Matrices. Will be invaluable to those requiring 
a refresher course as well as to those without pre-
vious knowledge of the subieet. 17s 6d net from 
all booksellers. By post 18s 6d from nee Books 
Ltd., Dorset House, Stamford Street, S.E.1. 
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An up-to-date directory of the radio, television and 
domestic electrical industries— now ready 

WIRELESS 8. ELECTRICAL 

TRADER 
YEAR BOOK 
141010.   1110N 11 11111111C/a 11/1111•14C111 

1963 
All the facts, technical data and business informa-
tion needed by radio and electrical dealers and 
service engineers—at your fingertips in one compact, 
quick-reference volume. 

Includes: Directory of Principal Trade Organisa-

tions; Official Addresses; Legal Guide; G.P.O. and 
other Licences; Rates of Pay; Addresses of Electricity 
Boards; Valve Base Connections; Specifications; 
Wholesalers; Proprietary Names Directory; Buyers' 
Guide; Trade Addresses, etc. 

ils net by post 22s 6d Eit" x 5?t," 436 pp 

from leading booksellers 

Published for '1 Wireless 6 Electrical Trader - by 

ILIFFE Books Ltd. 

DORSET HOUSE STAMFORD STREET LONDON 5E1 
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Serring the ELECTRONICS INDUSTRY 

BRIBOND PRINTED CIRCUITS 
to visit their Stand No. 496 at the R.E.C.M.F. Exhibition 

li'e will be exhibiting a large display of circuit boards complete with a 
variety of products showing circuit application. Also at the show will 
be the latest Brilite Roller Tinning Machine and for the first time 

Printed Circuit Cabinets 
WHY NOT SEND FOR THE NEW BRIBOND LITERATURE NOW? 

BRIBOND PRINTED CIRCUITS LIMITED 
INDUSTRIAL ESTATE • TERMINUS ROAD • CHICHESTER • SUSSEX 

•  

cordially invite you 
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LAPLACE TRANSFORMS FOR ELECTRICAL ENGINEERS 

By B. J. Starkey, Dipl.Ing., A.M.I.E.E. A 

presentation of the theory of Laplace transfor-

mation in which a physical vocabulary rather 

than a purely mathematical one is used as far as 

possible. This method of analysis has become 

of increasing importance to electrical engineers 

in many fields, and the work is designed to 

provide them with a thorough treatment of the 

subject in a language with which they will be 

familiar. 

30s. net BY POST 31s. ad. 

From leading booksellers, published by ILIFFE Books Ltd., Dorset House, Stamford Street, London, S.E.r 
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May be seen at 

ritain's exclusive Electronics Exhibition 

TICKET REQUESTS 
ARE INVITED FOR THE 

& FIRST ENVIRONMENTAL 

ENGINEERING SYMPOSIUM 

CONTACT DEPT. I.E., B & K LABORATORIES LIMITED, 4 TILNEY STREET, PARK LANE, LONDON, W.I 
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Parme/co engineers have been designing, 01,u F 
developing, and manufacturing electronic 11'  

equipment and components for the C 7 
solution of control problems in industry 

for over 30 years. 

Their knowledge and first-hand experience 

in this field are readily available. 

tools tor automation 
SEQUENCE CONTROL EQUIPMENT 

MOTOR SPEED CONTROLLERS 

VOLTAGE REGULATORS 

STATIC SWITCHING EQUIPMENT 

AC POWER CONTROLLERS 

DIRECT CURRENT AMPLIFIERS 

SCR TRIGGER UNITS 

CIRCUIT ELEMENTS 

ELECTRO-MErHANICAL DEVICES 

MAGNETIC CLUTCHES AND BRAKES 

AC AND DC SOLENOIDS 

MAGNETIC AMPLIFIERS 

TRANSDUCTORS 

SATURABLE CORE REACTORS 

and, of course, the most comprehensive 

range of TRANSFORMERS 

available in Europe. 

/T5 

R29 
I K 

R39 

-W 
3K-r 

PARMEKO LTD, PERCY ROAD, LEICESTER, TEL: 32287 




