MARCH 1966

"
8
1
[
»

e
=
=
=
==
—
)
EE]
|
[L]]
==l
—
E=
-
N
)
=)
—.

N— e —

e TS it
N §o.=n~._m_o=_a.mﬂ.:...~. o 1




For further information circle 200 on Service Card

food for thought

must be served to every computer before it can start thinking
and drawing conclusions. And, as every epicure knows, the secret
of a successful meal is in the preparation of the ingredients.
The on-line process computer can thrive only on a diet of data,
measured, transduced and transmitted with accuracy. In this
sphere the Kent cuisine is supreme.

Write now for details of the extensive range of detecting ele-
ments, measuring instruments, converters, controllers, trans-
mitters, transducers, actuators, and interlocks - and, of course,
the vital interface equipment -that is being recommended in
many of the top establishments.

An aperitif ? The technical support is everything that one
pleasantly anticipates from a company so long matured in all

forms of industrial measurement and control.
) KENT

George Kent Limited, Luton, Bedfordshire, England.
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Data Logging Applications in Industry bhv G. A. Righy, B.Sc.(Eng.)
The uses of data-logging techniques in industrial process and control systems are
becoming much more widespread as their capabilities are appreciated. This
article provides an introduction to the basic principles of such techniques and
includes several examples of their applications.
Thermoelectricity and Thermoelectric Applications by A. R. Sheard

Thermoelectric devices are being used on an increasing scale for refrigeration,

« air-conditioning and many other applications, They are a commercial proposi-

tion and are becoming more and more competitive. The advantages, principles
of operation and diverse uses of thermoelectric cooling and heating modules are
described in this article.

The ‘Rotenoid’—A True Rotary Solenoid by G. W. Cullen

The *Rotenoid’ is a true rotary solenoid, the rotor of which is urged round by a
perfect magnetic couple. This article explains the operation of this device and
outlines its use with wafer switches and as a circuit selector for a variety of
applications.

Analytical Instruments for Process Plants, Pt. |
by R. Millership, Ph.D., B.Sc.

The progress and increasing complexity of industrial process plants have led to
the need for very rapid chemical analysis of their products. Such requirements
have been met by the design of a wide range of analytical instruments for both
laboratory and on-stream use. This article deals with some of the general
aspects of various types of apparatus, and discusses their principles of operation

and methods of application.
continued overleaf

© lliffe Electrical Publications Ltd., 1966

Permission in writing from the Editor must first
be obrained before letterpress or illustrations are
reproduced from this journal. Brief abstracts or
comments are allowed provided acknowledgment

to the journal is given.
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1liffe Electrical Publications Ltd., Dorset House, Stamford Street, London, S.E.1
Managing Director: W. E. Miller, M.A., M.1LE.R.E.

Telephone: Waterloo 3333. Telegrams|Telex: Electronics Iliffepres 25137 London
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127 Talkabout by Nexus

Instrumentation and control for hovercraft, some contribution that the aviation
industry has made to other industries and drink and driving are three of the
topics tackled by Newus this month.

What's On and Where?

A regular feature which lists forthcoming events.  Professional meetings,
symposia, conferences and exhibitions are included. For easy reference this
item is positioned facing the inside back cover.

OUR COVER Features

: . o . .
Jgteasulglgegcetr:.f d;t's slzg:/s s(lczzzepr:nczudr:tg 104 Computers in the Hospital 141 Datafair 66—Real-Time Com-
logging system, which is made up from a puting Symposium

range of modules, on final test at Solartron’s 116 A.T.C. Radar for R.A.F
plant. Elsewhere in the issue data logging R T VO - T .
in industry is discussed. agnetic Recording Symposium

117 New Communication System OG0
for Hotels

145 Industrial News
118 Applications and Techniques

149 New Books
122 New Electronic Telephone Ex-
change
150 Manufacturers’ Literature

. INDEX TO PRODUCTS 128 Re':'ian:lrg'y Control Systems at
For the convenience of the reader who

requires rapid access to information cn 129 New Apparatus 89 Index to Advertisers
specific products, an ‘index to products’

is provided on the same sheet as the

83 Classified Advertisements

reader enquiry cards.

Next Month

Automatic control systems are finding many applications in industry. One unusual appli-
cation of fully-automatic control to a diesel-engine test-bed dynamometer installation at
Vauxhall Motors is the topic of one of the main articles in the April issue. Another articte
will deal with the latest developments in electric fog signalling.
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This booklet is available to all

interested In printed circuits ...

s e & \ Send for
A L your copy
a .\ TODAY

To BAKELITE LTD, GROSVENOR GARDENS, LONDON SW1

Please send me, free of charge, a copy of “Copper-Clad
BAKELITE Laminated for Printed Circuits".

A BAKELITE XYLONITE COMPANY
12-18 Grosvenor Gardens, London SW1. Tel: SLOane 0898

Sales Offices at: Birmingham Tel: Central 5011
Manchester Tel: Blackfriars 2861. Glasgow Tel: City 6325

NAM

ADDRESS

The trefoil symbo! and the word BAKELITE are registered trade marks of Bakelize Limlted SPECIAL INTEREST

- it.3

r
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Good design

IS often a question of what you cut out. In designing
this D55 plug-in relay we cut out

by means of the unique system of
peripheral contacts each fixed directly
to its base pin.

owires

18 soldered connections

. , zinch off the height
and quite a bit off the price

The D55 is one of four relays in

which these soldered

connections have been eliminated.

Delivery is Ex Stock
for the following'versions:—

D03 2changeover contacts,

coil voltages 12, 24, 48-50 or 110 DC

D53 2 changeover contacts,

coil voltages 24, 110 or 210-250 AC

D05 3changeover contacts,
coil voitages 12, 24,0r48DC

D55 3 changeover contacts,
coil voltages 110 or 220-250 AC

Patent.No. 998627

All contacts are rated at 6 amps
250 voits AC. All relays have
very strong Makrolon dust
covers with the pin connection
diagram on top. All are
available with tagor screw
terminal sockets.

Other coil voltages available
up to 150 volts DC or 330 volts
50 cycles.

Full details from

B & R Relays Limited

Temple Fields Harlow Essex
Telephone Harlow 25231/4
Telex 81140 BR1O



For further information circle 205 on Service Card

We've
counted
them!

Over 8,000 valves
can be tested with the

A\D Valve Characteristic Meter 4 «

X % The Avo Valve Characteristic Meter Mk 4 can test,
f . s \‘-tgh}?iﬂ“?‘“-' B DT : accurately and simply, any type of standard receiving or
\ . small transmitting valve having up to a maximum
anode dissipation of 256 W.
The construction of the instrument combines modern
streamlined appearance with mechanical strength. All
controls are proiected by ‘roll-round’ handles, and the
fold-away Iid safeguards valve holders.

Tests that can be carried out include:

@ Inter-electrode insulation @ Anode current
@ Mutual conductance @ ‘Gas’ current
Families of curves can also be plotted.

The Avo Valve Characteristic Meter is supplied complete
with a current copy of the Avo Valve Data Manual* which
gives in-line testing information without the necessity of
ieferring to individual manufacturers’ literature.

* The 17th edition is now available. Extra copies
Write for V.C.M. Mk 4 leaflet avatilahie from Avo Spares Dept. at 35/-, post free.

&@ @ JLIXP  AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON S.W.l  Telephone: ViCtoria 3404 Mm

vCe
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The Plessey man who hands you this card

Behind every Plessey representative stands the most
comprehensive electronic-component capability in the
world. In the new Plessey Components Group there are
specialised Divisions, modern production plants,
development laboratories, 16,000 skilled employees, and
more than 40 years of experience. Plessey can meet
practically every component requirement for commercial,
industrial and military electronic equipment.

As well as producing one of the widest ranges of electronic
components available, Plessey also offers you the highest

possible component reliability. Incomparable Plessey
test facilities include one of Europe’s most extensive and
up-to-date environmental laboratories. A separate research
centre, among the most advanced in Europe, has originated
many new components and materials. The expert from
Plessey will be happy to tell you about Plessey
components the next time he visits you. If there is a
particular problem you would like to discuss, or particular
components on which you want advance information,
just fill out the coupon below, and post it to Plessey.

For more information fill in and post this coupon

Please send me data on the Plessey components ticked below/l would like a Plessey specialist to visit and tell me about them

[J air & plastic dielectric variable ([0 infra-red detectors

capacitors [ loudspeakers
([J cast permanent magnets [ new subminiature rotary
(] ceramic capacitors switch

[ coil assemblies ([ micro-alioy & micro-alloy

[ silicon alioys

[] solar cells

[[] new rotary solenoid
[] sofid circuits

(] subminiature valves & neon lamps
([ valveholders & ceramic components
[[] new printed circuit connectors

[ cold cathode tubes

[ ditfused silicon rectifiers
[0 dry reed relay inserts

[ electrical connectors

O electroluminescent devices &

mimic diagrams
|:] electrolytic capacitors

O ferrite memory cores & matrices

[ tinters

@ cone

diffused transistors
[[] miniature silicon rectifiers
[0 number tubes
([ wlanar switching diodes
[] preformed wiring
(7] pick-up cartridges
([Orectifier stacks

relays
([0 resistors & potentiometers

For turtner information circle 206 on Service Card

[[] switches e

[] tantalum capacitors Title

[] tape decks Company
[] timing & regulating devices Address
[[] ransducers

[7] transformers & inductors

[] transistors

[[] wound components Telephone



...offers you 39 different categories of
electronic components. Here are three

of the newest:

New Subminiature Rotary Switch | New Printed-Circuit Connectors
f

| These are manufactured in str.ps and can

| cairy up to 80 contact positions. They can
This subminiature 12-position switch uses a be cut to customers’ exact requirements with
printed-circuit rotor and hard gold plated , a variety of combinations to suit individual
contacts. Operating range: -50°C to 485°C. | printed-circuit connector applications.

Contact rating: 50V, 100maA resistive for | Rating: 750V a.c. rms at sea lavel, 5A
20,000 cycles. Contact resistance: 15 | continuous, ~40°C to +85°C, contact
milliohms (max). Diameter: 17.463mm. ! resistance less than 15 milliohms.

New Rotary Solenoid

Designea for reliability and long lite, this Rotenoid

is particularly suited to the operation of multi-bank
wafer switches where extra force is often required to
overcome initial loads due to high static friction and
indexing mechanisms. It will operate at a temperature of
180°C. DC operating range: 2V to 440V dissipation 12W
continuouJs or up to 100W, according to function.

PLESSEY Components Group @

The Plessey Company Limited, Kembrey Street, Swindon, Wiltshire. Telephone : Swindon 6211. Telex: 44180
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No loss of
performance
under severe

vibration,
and
nylon

~That's Hunts T41 Capacitor

Hunts T41 solid tantalum capacitors have all the
supreme advantages of sclid tantalum together with a
unique construction — clad in a modified nylon case
which requires no additional insulation; built to
withstand the most severe internal vibration and
acceleration conditions; and designed
to take advantage of the flat rectangular
package form which facilitates
high density component construction.

Full details freely available on request from
A. H. Hunt (Capacitors) Limited
Bendon Valley, Garratt Lane, London SW18
Telephone VANdyke 6454, Telex 25640
Factories also in Surrey and North Wales
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Why is this trademark important to you?

For 30 years one principle has guided us in meeting our responsibility to provide
you with equipment of the highest performance standards. That principle is
ntegrity.

25, of our people are in Research and

integrity in design Development.

The best facilities, the best materials, the

integrity in mannfactnrin ; <
&y ! g industry’s finest craftsman.

Honest claims, backed up by a seldom used

ntegrity in sales
iniegriLy i sa but always dependable guarantee.

Around the world, around the clock to /usure

integrity in servic .
LB UL AU Collins performance.

Our trademark is a symbol of Collins integrity. You can depend on it.

72\

COLLINS

=~

COLLINS RADIO CO., Dallas, Texas, U.S.A. [ Europe, Middle East and Africa Headquarters, Heathrow House, Bath Rd. Cranford, Hounslow, Middlesex, England,
MELBOURNE - PARIS - FRANKFURT - ROME - MEXICO CITY - BEIRUT - TORONTO - HONG KONG

&
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An
illustration
o

G.P.
-upmanship

[ TMC |
General Purpose(G.P.)Relay

Q *G.P. upmanship.
What's that ?

A Going one (or maybe
two or three) better
than others.

To find out how this is
done write to TMC for
details of their new
*General Purpose Relay.
If you feel you know then
write, telephone or telex
for a quotation.

TELEPHONE
MANUFACTURING
COMPANY LIMITED

Components Division
Roper Road
Canterbury

Kent

Telephone : 66577
Telex: 28115

TMC is a registered Trade Mark

w,
A MEMBER OF THE Q@ GROUP OF COMPANIES

Industrial Electronics March 1966



The new Plessey 40-amp Static Inverter combines, for
the first time, the many advantages of static-inverter
power suppites with reasonable price ana delivery.
Basically a 40-amp unit, it produces a maximum of
10 kva, 230-volt, 50 or 60 c/s output from a nominal
220-vdc input, with other input-output combinations fo
meet individual requirements. This general-purpose
unitisreadilyadaptable toawidevariety of apolications,
wherever yoJ want maximum reliability and immediate
start-up, without maintenance. Typical applications
include motor supply, fluorescent lighting, commercial
air conditioning and marine purposes.

This 40-amp Static Inverter brings you mzjor collateral
benefits from long Plessey experience in developing
and producing ultra-high-performance static inverters

Industrial Electronics March 1966
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far the aircraft industry. To find out all about this versa-
tite new dc-to-ac conversion equipment, contact
Plessey today, indicating your required input and out-
put as specifically as possible.

PLESSEY
Dynamics

The Plessey Company Limited
Electrical Equipment Division

Eastern Avenue West, Romford, Essex
Telephone: lliford 3040

P EED 1
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Listening will be more productive since
leaks, however fine, generate ultrasonic
energy. The Dawe Type 1873 “‘hears’’
and locates the escape of leaking gas
even through minute apertures. It will
locate low pressure leaks but is quite
insensitive to all audible sounds. The
1873 will detect a leak through a 0.010in.
hole under 10 p.s.i. at distances up to
45ft.

Typical applications are the detection of
gas leaks in pressure vessels, evacuated
system leaks, turbulence in pneumatic
and hydraulic systems, corona dis-
charge, friction and worn bearings in
mechanical systems and leaks from
many other sources. The 1873 is no
larger than a torch
and almost as easily
operated.

> Type 1873
) ULTRASONIC

LEAK DETECTOR

Battery operated:
Size: 2 in. dia. x 134 in. long;
Weight: 2 Ibs. approx.

NON DESTRUCTIVE testmg division of [DAWE] INSTRUMENTS LTD.,

WESTERN AVE., LONDON, W3 Tel: ACOrn 6751

A member of the Sd"""b group of companies

Indusirial Elecrronies March 1966
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You will remember, as a boy. playing
with a gyro. It resisted every effort you
made to turn it from its axis of rotation.
Just imagine that this dependably stable
device had nerves and muscles so that

1t could hold constant the environment
which contained it. Then you could hold
a big ship steady in a stormy sea. You
could aim a space vehicle at Venus with
a predictable expectation of its arrival.
You do not need us to tell you that these
things are already possible. But better
still, you could automate intricate
factory operations. You could revolu-
tionise your industry.

SYNCHROS and SERVOS -

Gyroscopic constancy is only one of many physical laws which
can be harnessed by synchros and servos.

For synchros and servos are the willing slaves, the former the
nerves and the latter the muscles, that make automation
practical. In outward appearance like small electric motors, they
measure and assess movement, convert it into electrical signals,
read the signals and turn them back into movement, magnifying
or reducing it as required. They can feed back a description of
the task performed to verify whether it has been done accurately
and apply any correction. They give to electro-mechanical
equipment the sort of response the human body obtaing fugm
the interaction of eye, ear, brain, nerve and musclg

Taming the storm

PECean going vessels has earned the gratitude
eve grdened sea travellers. In almost all ships afloat fitted
“ith stabilisers, Muirhead stabiliser control is used. Even ships
of a mere 80 tons displacement can have them. There are
systems designed to be effective from standstill to maximum
speed—a new development particularly appropriate for vessels
such as weather ships, light ships and fishing trawlers.

A high precision version of our familiar friend the gyroscope
keeps its constant station within the ship. The relative move-
ment between the gyro and the ship as it responds to the rolling
of the sea, is ‘felt’ by the highly sensitive ‘automatic nerve’ of a
Muirhead synchro transmitter. It translates its reading into an
electrical signal and with it passes continuous instruction
to the Muirhead servo ‘'muscles’. These in turn control avariety
of stabilising systems according to the type and size of ship.
This same principle enables our latest armoured fighting

vehicles to fire guns as from a ‘stable platform’ even while
bucketing over the roughest terrain. !t has made possible, too,
the moving map which shows a driver exactly where he is on
the road he is travelling—a synchro senses changes in direction
relative to a gyro, and a miniature computer calculates distance
travelled.

The ship of the future will be even more efficient and automated,
probably to the extent of providing the captain with full remote
control from the bridge.

Automated steel strip rolhing mill



your willing slaves in automation

Data Logging

New standards of efficiency and economy are bei

by ‘data-logging’. The Muirhead Po using electro
magnetic pickups continuousl| aft horsepower hours,
and indicates instant aft speed and power. From data
such as thi fuel consumption can be calculated. A
la ay use as much as 100 tons of fuel in 24 hours, so

at even 1% saving is vital.

Besides these ‘brains’ for ships, Muirhead synchros are part of
their ‘eyes’, for all leading makers use them in shipborne and
shore radar.

Controlling the atom

A nuclear power station makes heat and electricity from the
uranium atom'’s chain re-action. To control this tiger so that its
power is harnessed without its bite, first demands positive
continuous knowledge, and then precise control, of the con-
ditions in the inaccessible interior of the reactor. Control rods,
of which there may be more than a hundred, regulate the heat.
It is vital to know their exact position at all times and to have
them adjust automatically. In all British reactors except one,
so far, designers have chosen to rely on Muirhead. The
Muirhead units have to be installed in positions that can only
be accessible at rare intervals, where they must withstand very
dry carbon dioxide gas at high pressure, and temperatures
around 150°C. A Muirhead transmitter takes all this together
with constant exposure to radiation for up to five years.
With it, a new range of instrumentation gives pointer and digital
indication to an accuracy of 0.1%.

Clean room

Ty ey
.Ir ll:-':.l nE 8

WESBAGFE ’..'. ,

Giving new meaning to accuracy

We need quite new ways of expressing accuracy. Traditional The significance of ‘30 seconds of arc’ may not
references simply no longer apply. The most carefully built be easy to appreciate. To bring it down to earth:
synchros can sense minute changes relative to gyro position if a navigation system of this accuracy were used
caused by deviations in direction, which if not corrected by to guide an airliner flying, say, 6,000 miles from
ultra accurate servo systems could result in a planetary probe Los Angeles to London, it would arrive within the
missing its target by millions of miles. Muirhead synchros, perimeter of the airport without any additional
having an accuracy of better than 30 seconds of arc, are used correction.

in inertial navigation systems now being developed for aircraft, Accuracy of this order cannot be achieved with

submarines and missiles. mass produced and batch tested gadgets.
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! am interested, without obligation, in
knowing how my business would
benefit from:

(tick box) D

Synchros and Servo-mechanisms:
The nerves and muscles that make
awtomation practical.

Facsimile Transmission : D
Transmits pictures and visual data
for reproduction as though dis-
tance did not exist.

Electronic Instrumentation : D
The most accurate and versatile
means of measurement.

ENRD) ==

Muirhead TECHNIQUE is the title of a
quarterly technical house journal which
we will be pleased to send to you. D

| would like a consultation, without
obligation, with Muirhead engineering
advisers on the subject(s) | have ticked.

L]

Please send me explanatory literature
on the subject(s) | have ticked. D

Name of organisation:

Nature of business:

Printed in England

L LS

Accuracy: Synchros and servos keep space
vehicles on course—and they also keep
Guinness time in this giant neon clock in
Picecadilly Circus.

cGUINNESS
2 T B

A

AN

S

-

This is why at Muirhead the vital stages
of manufacture take place under condit-
ions more exacting than most operating
theatres. A’clean room’ at the factory has
its air circulation so thoroughly filtered
that it will entrap dust particles down to
a hundred millionth of a millimetre in
diameter. Air temperature is strictly
controlled, special cosmetics and dress
are supplied for operatives, and all
equipment is ‘scrubbed’ in a sonic
energy tank. Some synchros and servos
undergo as many as 300 separate tests
before delivery, and an ‘identity card’ is
kept on each component for five years.

Automation for Industry

This extreme accuracy and sensitive
response opens new vistas in every field,
particularly when harnessed to the
computer.

A typical system designed by Muirhead
automatically controls production to
very fine limits at a number of steel
strip rolling mills. Here, metal passing
through a train of six hot rolling stands
enters the first stand an inch thick,
travelling at 250 feet per minute. It
leaves the final stand at 2,500 feet per
minute reduced in thickness to 0.1 inch.
Controlling the gap of the heavy metal
rollers, the cooling of the metal and its
acceleration posed technical problems
that could only be solved by this
phenomenal new order of accuracy and
automatic response.

From machine tool control to regulating
the accuracy of the Guinness clock at
Piccadilly Circus . . . the next logical
step is to automate our hypothetical
biscuit factory or coal mine.

Ask yourself if your profits, your pro-
ducts or your expansion can be bettered
by using synchros and servos. Only the
opportunity is needed to set a design
study in motion. Write now for a con-
sultation with Muirhead engineering
advisers.

MUIRHEAD & CO. LIMITED

BECKENHAM KENT ENGLAND

BECKENHAM 4888

Deacon 1433.1
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LETRASET
INGIANT

o
>

T
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Letratapes reduce the application of dry transfer lettering Letratape Coding System is a product of
to a new pull and press technique. The transfer can be applied 153505 Wateries Road. London S.e1.
without rubbing. Simply pull from the special Letratapes Telephone Waterloo 1401.
dispenser; the symbols are automatically ‘‘released” and only

light finger tip pressure is required to ensure complete

adhesion to any surface.

The Letratapes technique vastly increases the speed of Detailed brochure now available;
application which makes it particularly suitable for please return coupon

repetitive coding.
The first range consists of a comprehensive component [ 1
reference system for electronic circuit systems. The range of l name S 8
120 tapes includes all common reference codes, numeral l

sequences and frequently used set words. } company

Comprehensive code symbol range | _ .
Dyeline Resistant l |
Two letter sizes 1 CElEE — i
Up to 500 codes on one tape | |
Stocked by major Letraset dealers - ) |
Also for direct marking of components | LEsies LetratapesJ

Industrial Electronics March 1966 15



For further information circle 218 on Service Card

desks, chassis, cubicles, consoles, cabinets, in fact any and every sort of sheet metal
work used in the electronics and electrical industries, looks better with Lundsmanship—
the art of producing superbly finished, infinitely accurate craftsmanship right through a
job, from sketch to finished equipment housing. If you require one off or a hundred off;
one foot or a hundred feet; one rack or a roomful; for top quality at competitive prices

you can rely on Lundsmanship.

L 127 Lt ang |

23 x17% ||ff 9x17%

lPAML SIZE PANEL
I

SIzZk

N e =

I i

— — 1

SEE YOUR |
| ELECTRONIC ENGINEERING INOEX
LIBRARY
FOR FULL TECHNICAL DATA

S S—— el

30*
48"

PYWOOD AND
FORMICA DESK

MATERIAL =

\\i PANELS € PUNTH IOGMS
—— DESK {46MS

DRAWER |6GMS

another example of
LUNDSMANSHIP

SETTING NEW STANDARDS

LUNDS of Wandsworth BENDON VALLEY L

16

ONDON SW.18 Tel: VANdyke 7676/8

Industrial Electronics March 1966



For further information circie 219 on Service Card

ANEW WAY OF ING TORQUE

i 1 achieving
8 - accuracies
within
i | 0°295 %

Dawe Digital
—Torquemeter Type 1502
A MARKED ADVANCE ON EXISTING EQUIPMENT -

It takes 20 readings per shaft revolu-  * Fully transistorised * Unique torque setting facility

tion and displays the average * Displays two 4-figure readings * Two instruments may be synchron-
* Very high accuracy and resolution

—typically 0-25% for a 3° twist ised to give simultaneous readings

(obtained electronically). Under high-

torque, low-speed conditions, it has at 500 r.p.m.
- * Gj i Send for leaflet of this latest contri-
distinct advantages over costly and Simultaneous readings of speed ) :
) ) and torque bution by DAWE to measuring
bulky swinging dynamometer equip- . g .o through torsional vibrations techniques in the marine, automo-
ment. minimised by averaging techniques tive and aeronautical industries

Full technical data from:—

D AW E DAWE INSTRUMENTS LTD., WESTERN AVE., LONDON, W.3 Tel: ACOrn 6751
A member of the Sw group of companies

Industrial Electronics March 1966 17
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If air displacement must be audible

you don’'t need AIRSCREW FANS

Airscrew pay particular attention to quiet vibrationless running

AIRSCREW-WEYROC LIMITED WEYBRIDGE SURREY TELEPHONE WEYBRIDGE 45598

AP267

Industrial Electronics March 1966
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The A/D Converter (type IL 6170/2) has been proved under operating
conditions—in aerospace applications -as severe as any it will be expected to
meet in industry.

High performance and long-term reliability are therefore assured when it is
used for less demanding applications such as data logging, computer and
general scientific systems.

Fast conversion rates make the A/D Converter especially suitable for
computer and high-speed data acquisition work ; its sealed unit and rugged
construction for industrial use e.g. in steelworks and process eontrol.

THE
HERRT

OF A

DATR
HANDLING
o\ SIEM

¥ fast conversion rate

% rugged sealed unit

¥ increased production costs of the past
two years have been absorbed: price
unchanged at £795 ex. works

% excellent delivery time: small
quantities off the shelf

% demonstrations arranged in
customer’s works

Analogue range 0 to —6v d.c.
Centre zero available on request

RNt Impedance 10 k.ohms

Read Pulse A pulse going from earth to a positive level

Minimum conversion time 140 micro-secs
Maximum conversion rate 7000 words/sec
Resolution 1 part in 1024

Accuracy

Conversion

+ 0.1 % full scale + % least significant digit

Digital representation ‘0’ by O volts
Impedance 5 k ohms for a logical “1°
Internal 100 Kc/s clock available for synchronising

Output

Pure binary 10 bit parallel words, stored until succeeding read command
‘1" by + 10 volts
1k ohms for ‘0’

Supplies

—12v4 025 vat 170 mA  +12 v+ 0.25 v at 300 mA

—20°C to +55°C

UG T Full accuracy over range 0°C tc 40°C

Size/weight 4 x 3% x 3% ins. approx. 2% lbs.

BRITISH AIRCRAFT CORPORATION

Industrial Electronics March 1966

GW DIVISION
BRISTOL WORKS FILTON BRISTOL

Telephone: 693831
IPC2
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THE VARIAC* variable transformer is the most useful and versatile
device ever developed for the control of a.c. voltage, or of current,
power, heat, light, speed. It provides smooth continuous adjustment
of output voltage from zero to line voltage and above, either hand-
operated or motor-driven.

Only Variac has Duratrak* —a patented track surface giving longer
life, increased overload and surge capacity and maximum economy
in maintenance.

There are over 600 Variac models and assemblies to suit virtually
every possible requirement, ranging from small units for laboratory
or instrument use to large ganged assemblies for high power
3-phase operation. The range includes low-voltage, high-frequency,
dual-output and narrow-range types, open, covered, portable,
metalclad and oil-immersed constructions, plus many special
models. This is the largest range of variable transformers available
today.

The technical superiority and dependability of Variac are the result
of over 30 years of development and refinement since the introduc-
tion of the first Variac models — the original variable transformers.
*‘Varigc' and ‘Duratrak’ are registered trade marks

for infinitely variable
voltage control

Variacs are made in England by the Zenith Electric Co. Ltd. London,
and exclusively distributed in the U.K. Eire and British Colonies by
Claude Lyons Ltd.

Write for comprehensive catalogue to Publicity Department, Hoddesdon

CLAUDE LYONS LTD

20

Valley Works, Hoddesdon, Herts Hoddesdon 4541 Telex 22724
76 Old Hall Street, Liverpool 3 MARitime 1761 Telex 62181

cuaz/ace
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WHAT’S THE NEW
DELANCO M.F. TUBE
GOT THAT OTHERS
HAVEN'T?

(EVERYTHINGY
Developed by our Technical Staff, Average Values obtained on ‘Delanco’ Values as laid
M.F. (Melamine Impregnated Fibre) Impregnated Vulcanized Fibre Tube. down in BSS.934
was designed to produce a tube with Water Absorption  (2-3)% (20-55)%
outstandingly improved electrical  surface Breakdown without pre-drying 18 K.V. 10 K.V. (dry)
properties and high non-arcing  gectric strength without pre-drying 9 K.V. 5 K.V. (dry)
properties.

Cohesion (BSS.1314) between layers.

A proof list value of 78 Ibs., withstood 250 Ibs. easily.
Density 1.35 1.35
Machineability Excellent

The list of properties achieved by the
material are compared opposite with
similar properties listed by BSS.934
which cover this field.

ANGLO-AMERICAN VULCANIZED FIBRE CO. LTD - CAYTON WORKS - BATH STREET - LONDON EC1 - CLE 8484

Industrial Electronics March 1966 21



For further information circle 224 on Service Card

M-0V
REED CAPSULES
FOR ENVIRONMENTAL

HUMIDITY

The recently introduced RC| Reed Capsule for
fast low-level switching has a multitude of
applications in the communications and electron-
ics industries. Its hermetic sealing makes it ideal
for use in industrial atmospheres, where humidity,

VERSATILITY

VIBRATION

dirt and corrosion quickly affect other kinds of
switch. Its high resistance to shock and vibration
widens the range of applications to all kinds of
equipment that call for rugged components.

M-O V Reed Capsules are to B.P.O. specifications,

To start you thinking on uses for these
Capsules, here are some applications:
[[] Telephone exchanges [ | Communica-

in industrial atmospheres [] Exhibition
models and displays [] Multi-contact
switches [ | Rev. counters,

tion networks [ | Data links [ Computer
controlled machine tools [ Automatic
switches on rotating equipment [] Auto-
matic traffic control systems [] Switching

i ~ =
N ————————— )

The M-O V RCI Reed Capsule actual size,

If you are currently specifying other kinds
of fast low-level switch, perhaps you could
benefit from changing over to Reeds. So
why notcallusin now? We would welcome
the opportunity of heiping you.

Maximum overall length of Capsule 46.1 mm
Maximum switched voltage, resistive load.....coun...50 V a.C. or d.C.
Maximum switched current, resistive load.. 100 mA a.c. or d.c.
Maximum current through closed contact.-...we.....1 A a.c. or d.c.

Capacitance less than 0.2 pF
Operating time (including bOUNCE).....cummuml€5S than 2 milli secs.

Werite for full data sheets on these or other M-O V products, or telephone RiVerside 3431.

Release time less than 0.5 milli secs,
Contact resistance less than 100 milli ohms,
Field strength to operate switch 73 gauss
Life expectancy when operated by a solenoid ........ 10’-108 operations
Coil to operate switch 58 A turns

Qur tecknical information centre is ready to help with your application problems.

Telex 23435,

&SSEC | THE M-O VALVE CO LTD

BROOK GREEN WORKS - HAMMERSMITH - LONDON W6 - RIVERSIDE 3431

22
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175,000,000
RESISTOR HOURS
WITHOUT FAILURE!

Electrosil TR glass-tin-oxide resistors of which about
50,000 are used 1n the various electronic

equipments of the VC10, have now completed

175 x 108 hours without a single failure. A 60,
confidence failure rate of 0.0005°,, per 1000 hours.
In the words of BOAC—"easily the most reliable
component in these equipments”.

Remember, Electrosil resistors have full

Qualification Approval, and only Electrosil TR resistors
give you Triple Rating. Approval to DEF 5115
Pattern RFG5 fully supports this. Over 50 million
resistors produced by Electrosil to

this standard are your guarantee of service.

Send today for full details.

equipment reliability beging with Electr ﬂSll
\

P.0. BOX 37-PALLION ‘SUNDERLAND - CO. DURHAM
Telephone : Sunderland 71480 : 1 Telex 53273
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Both X and Y units plug in, enabling the user to make a wide variety of measurements hitherto only
possible with expensive instruments. To date, 2Y+2X operational plug-in amplifiers are available.

THE

CX 1441 DC - 15 Mc/s approximately, 100mV/cm,
GD 1400 general purpose amplifier suitable for pulse work.

Additional x 10 provides 10mV/cm from DC - 750 |

'SCOPE |
SYSTEM
VERSATILE
5 PORTABLE
DOUBLE BEAW

The CD 1400

from Solartron is

a truly flexible low cost
oscilloscope system —
backed by the best in
modern production
techniques.

The X and Y plug-in units
currently available
allow the instrument

to be used for the widest
range of applications
and other plug-ins

now under development
will extend the system
even further.

A 5” double gun CRT
operating at 4 kV
provides bright, high
resolution displays

at all sweep speeds.

et

lx,, -o——-_‘t_:ﬁ.;

*
| C©X 1444 Time base and sweep delay generator. Per- |

formance similar to CX 1443. Delays up to 100m/sec.
Suitable for digital computer and television wave-
form investigation. \

CX 1442 1 mV/cm DC differential amplifier with a
common mode rejection of 60dB. For use with trans-
ducers and servo systems etc. An ACx10 position
gives a sensitivity of 1004V/cm for low level noise
investigation.

CX 1445-6 Blank X and Y plug-in units available en-
abling the customer to construct his own units to suit
specialized applications.

¥ el go"oo,

Proprietary *
oscilloscope cameras [sosemon CX 1447 A rack-mounting case is available as an
can be attached, CX 1443 Basic time-base unit. 18 ranges from alternative for use in standard 19 racks. Side pane!
and trolleys are available 0.5usec/cm - 0.5sec/cm. Suitable for use with all Y design permits simple signal connections from rear
for maximum mobility. units. “Normal”, ”"Auto” and “HF sync”. | of instrument.
% Measurement Accuracy 5%
Pkl TV i - |
'\ PP aas ’,‘
‘,\—;' SEG :;.:‘ THE SOLARTRON ELECTRONIC GROUP LIMITED
~ \~~ ’,,' N Farnborough, Hants, England. Tetephone: Farnborough (Hants) 44433
K T T K Telex: 85245 Solartron Fnbro.  Cables: Solartron Farnborough. |
AMEMBER OFTHESCHLUMBERGER GROUP
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RAPID AND SIMPLE
CHEMICAL ANALYSIS

WITH THE TYPE 14]/L
LABORATORY ANALYSER

Specify 147L Mk.1 for the determination of any high atomic
number element in a low atomic number carrier—for Sulphur in
oil—for TEL in petrol—for Chlorine in water—for Clay in paper.
This laboratory analyser, which uses a radioactive source
{promethium 147 or tritium bremsstrahlung), a sample cell and a
Geiger-Miiller radiation detector, is in production and has had
proven success throughout the oil industry in the rapid and
simple determination of the sulphur and tetra ethyl lead content
of petroleum products. It is now being adopted for numerous
other measurements which basically involve a relatively high
atomic number element in a low atomic number carrier.

For further particulars please write to:

SAUNDERS-ROE & NUCLEAR ENTERPRISES LIMITED

Owned by Westland Aircraft Limited and Nuclear Enterprises (G.B.) Limited

North Hyde Road Hayes Middlesex. Telephone Hayes 3800

( Please send full details

|
|
[] Please arrange for your technical consultant to call :
|

26
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EVERSHED

NN

now add = o=~y
control equipment
to their range

PANTAM light spot indicating instrument with photo-
electric alarm contacts.

N\

MESSCONTALIER

Left: PANT AM pointer indicator with photoelectric contacts.
Right: PANTATHERM electronic temperature controller.

PANTACOMP
compact solid state
D.C. amplifiiers.

With modern compact styling and
economic prices, these instruments will
provide close control for your process.

Write for details to :—

| EVERSHED |

Evershed & Vignoles Limited

A member of the Kent group of companies

ACTON LANE WORKS, CHISWICK, LONDON, W.4
Telephone: CHIiswick 3670 Evi3

Industrial Electronics March 1966
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POTENTIOMETER
PROBLEM?

THEN

IS THE ANSWER!

Only one of our wirewound
potentiometersis illustrated, but
with over 50 different types in
constant production there is one
to suit most applications. Send
us details of your requirements.

SEE YOUR ELECTRONIC ENGINEERING
INDEX LIBRARY, FOR FULL TECHNICAL

DATA

| T E D
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ion Operational life J

MINI

TRANSISTORISED
TEMPERATURE REGULATOR

MINI TYPE 17-90

Accurate, Reliable Temperature Control up to 2000°C

The difference signal between the output of athermocouple and an internal
reference voitage is fed to a transistorised amplifier to operate a relay. The
relay will operate on an input signal differential of less than 40 microvolts,
equivalent to less than 1°C, with base metal thermocouples, and less
than 2°C with precious metal types. Provision is made for increasing this
differential by a factor of 10 where very close control is not required.

The relay has a life expectancy of several million operations at maximum
load rating. Set pointis adjusted by a precision potentiometer, and read by
the position of an illuminated cursor on a calibrated scale. A signal lamp is
provided to show the control condition. Standard ranges from £27-10-0.

Send for full details to.—

CAXTON WAY, STEVENAGE, HERTFORDSHIRE
Telephone : Stevenage 3040-55
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Brilliant ... and ultra-small
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microswitches

New illuminated pushbutton
and sub-subminiature switches
in the Plessey/Licon range

LIGHTED PUSHBUTTON SWITCHES

lllustrated above is the Plessey/Licon Type ‘44’ Sealed,
4 bulb, llluminated Pushbutton Switch. This is one of the
new Plessey/Licon Switches combining indicating and
manual switching functions in a single compact sealed
unit. The Pushbutton provides colour, a legend-coding,
and actuates single pole or two circuit microswitches.
Standard models utilise one or two-pole switch units,
but multipole versions can be made to special order.
Momentary or maintained contact, solenoid-held and
indicator-only are all standard. A wide variety of lens
cap combinations, such as horizontal optical or quad
split, solid colour, or projected colours is available; the
Types 04 and 44 (sealed) provide as many as four
separate indicators in one compact pushbutton.

SUB-SUBMINIATURE SWITCHES

With unrivalled vibration and shock resistance and mech-
anical life in excess of 10 million operations, the new
Plessey/Licon Type 18 sub-subminiature microswitch is
designed for usein aircraft, missiles and other applications
where space is valuable and reliability essential. A two-
circuit switch, the Type 18 has the high contact-rating
of 8 amps at 250 V a.c. or 30 V d.c. Overall dimensions
are 0-:51" (13 mm) long x 0:2" (5 mm) wide x 0-36"
(9mm) high (excluding tagsand plunger). The narrow width
permits mounting a number of switches in a small space.

PLESSEY/LICON microswitches —withmorethan 10,000
to choose from —cover the whole spectrum of precision-
switch requirements. Write today for complete details
of Type 18 Sub-subminiatures, Types 01, 04 and 44
illuminated pushbuttons, or other versions of the most
robust, reliable and versatile microswitches you can buy.

The Plessey Company Limited
Electromechanical Division

New Lane, Havant, Hants.

Telephone: Havant 6344 Telex: 86296

PLESSEY
Components Group

Industrial Electronics March 1966
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When 1t’s a question of SEMICONDUCTORS

SWESTINGHOUSE

IS THE POWER BEHIND THEM!

WESTINGHOUSE not only make
very good semiconductors they
alsomake thewidestrange. That's
why such a variety of industries
usethem.TheWestinghousetange
includes devices for the smallest
electronic application to the larg-
est industriai plant.

A special compression bonding
technique in manufacture elim-
inates thermal fatigue to give in"-
proved performance and greater
reliability. Trouble-free, instant in
action—-that’s Westirghouse Semi-
conductors. And they're backed
by over 40 years experience in
rectifier design and development.
What more could ypu ask?

Stand No. G10
Electrical Engineers (ASEE) Exhibition
Earls Court
23-30 March 1966

Write for a copy of our abridged
SEMICONDUCTOR brochure
showing the Westinghouse range
of Silicon Diodes. Thyristors and
Rectifier Assemblies.
Decr. 1E3166WESTINGHOUSE BRAKE AND
SIGNAL COMPANY LIMITED
82,York Way,King’'s Cross, London N.1
Terminus 6432 Telex 2-3225
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Mullard capacitors — 14 quality ranges

Miniature
Foil
C280 Series

Metallised polyester
foil construction
designed for printed
circutt applications.
Working Voltage
(d.c.) 250V
Capacitance Range
0.01 to 0.22uF
Capacitance
Tolerance {-20%,
Temperature Range
—45° to +85°C

Iy

Metailised
Polyester
€281 Series

Flat rectangular shape
affords maximum
component density.
Post Office approved
type.
Working Voltages
(d.c.) 250V and 400V
Capacitance Ranges
0.01 to 2.2uF and
0.01 to 0.47uF
Capacitance
Tolerance +10%,
Temperature Range
55 to +85C

Tubular
Polyester

C296 Series

Interleaved layers of
aluminium and
polyester foil wound
in extended foil
configuration.
Working Voltages
(d.c.) 160V and 400V
Capacitance Ranges
0.01 to 1uF and
0.001 to 0.47uF
Capacitance
Tolerance +-10%,
Temperature Range
40" to +-85°C

Miniature
Electrolytic
C426 Series

A range of general
purpose aluminium
capacitors of
conventional
construction.
Working Voltages
(d.c.) 2.5V to 64V
Capacitance Range
0.64 to 500uF
Capacitance
Tolerance —10 to
50%
Temperature Range
40 to +70°C

Small
Electrolytic

C437 Series

An extension of the
C426 Series with
large capacitance
values in a small
physical size.
Working Voltages
(d.c.) 2.5V to 64V
Capacitance Range
64 to 4,000uF
Capacitance
Tolerance — 10 to
50%
Temperature Range
40 to +70°C

*
—
-
L

Large
Etlectrolytic
C431 Series

A single-ended range
of high value
electrolytic capacitors
of conventional
construction.
Working Voltages
(d.c.) 10V to 64V
Capacitance Range
320 to 16,000uF
Capacitance
Tolerance —10 to
50%,
Temperature Range
—40° to +70°C

Miniature Long
Life Electrolytic
C428 Series

Specially developed
for professional
applications where
long service life and
high reliability are
essential.
Working Voltages
(d.c.) 4V to 64V
Capacitance Range
2.5 to 320uF
Capacitance
Tolerance —10 to
+50%
Temperature Range
-40° to +70 C

Industrial Markets Division
Mullard Limited

Mullard House

Torrington Place London WC1

Mullard

32
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fo meet the needs

Large Long Life
Electrolytic
C432 Series

Designed for use in
professional
equipment power
supply units where
service life and
reliability are of the
utmost importance.
Working Voltages
¢d.c.) 6.4V to 100V
Capacitance Range
200 to 31,500uF
Capacitance
Tolerance —10 to
{-50%
Temperature Range
40 to +70°C

5

5T
LN

{f

Solid Aluminium
Electrolytic
C415 Series

For use in extreme
environmental
conditions this unique
range employs a
semiconductor
material in place of
the conventional
liquid electrolyte.
Working Voltages
(d.c.) 4V to 40V
Capacitance Rarge
2 to 100puF
Capacitance
Tolerance —10 to
+50%
Temperature Range
80 to 485°C

Solid Tantalum
Electrolytic
C421 Series

Offer advantages
over wet aluminium
types in terms of size
and operation under
severe environmental
conditions.
Working Voltages
(d.c.) 6V to 35V
Capacitance Range
0.33 to 330pF
Capacitance
Tolerance --20%,
Temperature Range
-565 to 4+65°C

JUST PUBLISHED — A new booklet describing the
is now ready. Send for your copy :—

Name___

For further information circle 236 on Service Card

of industrial users

Precisioa
Tuning
C001/C002 Series

The two series
include single, double,
triple and quadruple
gangs with
capacitances ranging
from 16 pF (single)
to 4 x 640 pF. They
are available with an
insulated or non-
insulated rotor and
with a linear or
logarithmic grading.

Foil Dielectric
Trimmers
CO010 Series

Type CO10AA/60E
for printed circuit
mounting has a
variable capacitance
of 60 pF. A pro-
fessional version is
also available having
a closely controlled
temperature
coefficient and a
capacitance swing
of 45 pF.

Position.

Company

Tubular Ceramic
Trimmers
C004 Series

For general industrial
applications, an invar
rotor is guided by a
phosphor-bronze
spring within the
internally ground
ceramic tube. For use
in more arduous
environmental
conditions the rotor
is guided by a cut
thread and a locking
device is
incorporated.
Capacitance swings
of 3. 6,12 and 18 pF
zre availabie

e Mhisde

Concentric
Air-dielectric
Trimmers £ Series

A sefies of 9 trimmers
with capacitance
swings of 2t0 8, 3
to 30 and 4 to 60 pF
and voltage ratings of
300V at 760 mmHg,
and 100V at 70
mmHg. Six of the
series are fitted with a
PTFE friction collar
which makes further
lock:ng unnecessary.

full range of Mullard industrial capacitors

Address._

MIl3%
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»m IN RESEARCH
e A28 AND INDUSTRY

B.P.A. TRANSDUCER METERS in use in conjunction with I
the ‘Weissenberg’ Rheogoniometer—in the Research and ‘
Development Laboratories of the International Synthetic
Rubber Company Limited |
“After exhaustive testing, we standardised on BPA electronic \
displacement measuring equipment for our Weissenberg

Rheogoniometers, because of their range and sensitivity”
—Sangamo Controls Limited.

Equipment for measuring or recording force, load, displace-
ment or fluid pressure.

BOULTON PAUL AIRCRAFT LIMITED-ELECTRONICS DIVISION-WOLVERHAMPTON

Member of the DOWTY Group

34 Industrial Electronics March 1966



For further information circle 238 on Service Card

between

apF and 230,000pF

your choice Is easy...

SILVER STAR -

CAPACITORS
cover all your needs

The standard range of Silver Star® capacitors contains a wide
variety of sizes in encapsulated or dipped finishes. Your
needs are covered, for any nominal capacitance value
between 5 and 250,000 pF can be supplied—generally with a
tolerance as close as +£0-5%.

All Silver Star capacitors are of fired construction giving them
unrivalled stability. A rigid system of process control
throughout manufacture ensures that their outstanding
electrical properties are consistently maintained.

In addition, every Silver Star capacitor is checked before we
send it to you for four critical characteristics—capacitance,
power factor, proof voltage and insulation resistance. Only
components that meet the stringent Silver Star standards
are supplied.

You can choose your

requirements with these
free data sheets. Just ask

for them,

. JOHNSON, MATTHEY & CO., LIMITED
73-83 HATTON GARDEN, LONDON, E.C.1

Telephone: Holborn 6989 Telex: 21465
Vittoria Street, Birmingham, 1 Telephone : Central 8004
&b 131 75-79 Eyre Street, Sheffield, 1 Telephone : 29212
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0 e 1)

x'Y PROTON
RECORDER FREQUENCY
STANDARD

=)
INTERPOLATING PROTON
MAGNETOMETER MAGNETOMETER

7 inch ELECTROMAGNET TYPE E

[€==mD]

MAGNET POWER SUPPLY

SLOW SWEEP
GENERATOR

LEADERSHIP
with a system

Within the wide range of NEWPQORT electromagnet systems, we
can offer magnets for every laboratory application. NEWPORT
leadership in the field of electromagnet technology is ‘leadership
with a system’—with any of the special systems designed and
built by NEWPORT.

We at NEWPORT offer a service to match our reputation as the
best-known name in the field of electromagnets, magnet power
supplies and magnetometers. Standard or custom-built, our
magnets and magnet systems represent not only accuracy and
dependability—but economy of price.

Let us send you a copy of the NEWPORT Catalogue—now.

Newport
[Inst[rugm@nts

Newport Pagnell, Bucks, England, Tel: Newport Pagnell 401
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BERCOTROL
A NEW ALL SOLID
STATE SPEED
REGULATOR AND
STARTER

" sancorroL M

o

Bercotrol motor speed
regulators for closed
loop control

The smallest, most accurate, combined starter and
speed regulator, allowing commutator motors of up
to 5 h.p. to be direct on line started and controlled
accurately over the speed range of up to 100:1, with
no load to full load regulation better than 19, of base
speed.

* all solid state ¥ no moving parts % facilities for re-
mote control, dynamic braking and reversing 3 standard
models for 4, 13, 2, 34, and 5 h.p. % simple to install
% requires only nominal 200/250V 50 cycle A.C. supply.
Ask Mr. Radford to send you_list IED 103'OS and arrange
a practical demonstration.

Industrial Electronics Division.
THE BRITISH ELECTRIC
RESISTANCE CO. LTD.

Queensway, Enfield, Middlesex.
group of companies Tel: HOWard 2411

See us at the A.S.E.E. Exhibition
23rd-30th March - STAND No. K.3

T8
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olLIGON PLANAR
-1 TRANSISTORS
[1190 SERIES

GENERAL PURPOSE TRANSISTORS
COMBINING LOW COST AND VERSATILE

PERFORMANCE

ZT191 has Qualification Approval to Specification CV8615

ACTUAL SIZE
BS3934
S0-12A/SB3-6B
JEDEC TO-18

FERRANTI

First into the Future

Write now for full details to: FERRANT! LTD . GEM MILL - CHADDERTON - OLDHAM - LANCS. Telephone (061) MAIN 6661
FE272.2
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THE Q'Q Bantam

TWO-WAY RADIOTELEPHONE

a Fully Transistorised
Walkie-Talkie!

In the tradition of the outstand-
ing Cambridge and Vanguard
Radiotelephones, Pye have
produced the Bantam, a brilliant
transistorised Walkie-Talkie.

= Fully transistorised Transmitter and Receiver ] Lightweight 4 Ibs. (1.82 kg.)

[ ] Long endurance with Rechargeable or Dry Batterles [ ] Frequency Band 25-174 Mc/s.

] Crystal Filter selectivity [ ] Weatherproof

] Reliability and ibility of p ts B air Registration Board approved for light aircraft category l11.
] Very high performance Receiver [ | Approved by G.P.0. to Spec. W6345.

[ Intrinsically safe version available

PYE TELECOMMUNICATIONS LTD. cAMBRIDGE ENGLAND. Taren o518
e e —
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[ A
BY APPOINTMENT TO 8y Q‘:" SUPPLIERS OF MOBILE
H.R.H. THE DUKE OF EDINBURGH 43 Y  RADIOTELEPHONE EQUIPMENT
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(2 ‘CAMBRIDGE transistor
obile Radiotelepfione

g e V fo——. T

-

A new igh tandard in Mobile Radiotelephone desigr

a Fully transistorised receiver m Printed circuit sub-assemblies ®m Sealed I.F. block filters m Dustproof
and splashproof m GPO approved and meeting American and European specifications & 100 Milliamps
receiver drain ® A.M. or F.M. versions ® 25 Kc/s or 50 Kc/s channelling m Single or six channel

PYE TELECONVMMUNICATIONS LIMITED

CAMBRIDGE + ENGLAND - TELEPHONE: TEVERSHAM (CAMBRIDGE) 3131 « TELEX No. 81166
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For controlled
delay...

Use

Pneumatic
time delay switches

These delay units comprise a push-button opera-
ting a snap-action switch via a self-contained
pneumatic assembly. The delay time can be varied
by adjustment of the air bleed.

% Ex Stock Delivery

¥ Low Cost

¥ Reliable Operation

% Variable Delay 0.2 secs —60 secs
¥ Switching Capacity to 440 V. 3 A,

¥ Standard mushroom head or full
guard push-button

% Solenoid types also available
For full technical specifications write to:
ETHER LTD., General Products Division
CAXTON WAY - STEVENAGE - HERTS.
Stevenage 3040-55

40

For further information circle 245 on Service Card

D.C. Motors

for electronic speed control

+—100 h.p.

THE ELECTRICAL POWER ENGINEERING CO.(B'HAM)LTD.,
EPE WORKS 558,BROMFORD LANE BIRMINGHAM 8.

Telephone: STEchford 2261. Grams: Torque Prene, Birmwngham.
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SERIES 934 TIMER

base mounting

SERIES 807 TIMER

base mounting, micro switches

SERIES 934 TIMER

flush mounting

SERIES 809 TIMER

base mounting, snap action switches

1

SERIES 812 TIMER

panel mounting, snap action switches

SERIES 932 TIMER

\ ‘ I base mounting, plug in base

The 800 Series of sequence timers—the timers with the spring held cams and the single clamp screw for
simplicity of adjustment — can accommodate up to 24 cams with snap action switches or a lesser number of
micro-switches. The 900 Series of reset timers is available with time ranges between seconds and 30 hours.
Both series are available as base or flush mounting types. The base mounting version of the 900 Series can
be offered with a plug-in base. For full details of these competitively priced timers, make contact with
Magnetic Devices now.

\‘yGNE 7‘;0

Q
< $’~i
/C‘Es \—\Q M.O.A.-A.R.R.E.-A.R.B. Approved Inspection

G.P.O. & C.E.G.B. Approved Suppliers

MAGNETIC DEVICES LIMITED

NEWMARKET - SUFFOLK *- ENGLAND
TEL: NEWMARKET 3451 (10 LINES)
Grams Meagnetic Newmarkel Telex 81245
MANUFACTURERS OF RELAYS, SOLENOIDS, & CONNECTORS
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~UNDERWATER RESEARCH HIGH-INTEGRITY EQUIPMENT FOR

T e b OFF-SHORE OIL-PROSPECTING
[EreTvrwrwrwr] 4 (@8  OCEANOGRAPHIC SURVEYS
e - | OCEANDGRAPHIC SEISMOLOGY

5 Pressure-tight housings for electronic appa-
ratus; Cable and Cable-giands; Hydrophones;
Polythene-sealed switches, magnets, thermo-
meters and other components. Winches
for oil rigs, hydrography, coring, sounding,
trawling etc.
Left.
*1. Cable-gland with 8 independent cables
entering the high-pressure side.
%2, Assembly of five independent intercon-
necting cables with five single-way glands
and one five-way gland.
Polythene-sealed magnetic reed switch.

By

Polythene-sealed hydrophones.
Polythene-sealed magnet.
Polythene-sealed pressure-tight housing.

elow. 10-ton winch for oil-drilling rig.

mOmbs W

- % Cable glands are made with either screw or flange-
u mar' ne a es type stems for fitting to underwater housings or
vessels to provide cable entries capable of with-

owned jointly by AE! and BICC. Greenwich, London, S.E.10, England. standing hydraulic pressure for long periods.
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...recorded
in less than
30 seconds

The new made-in-Britain PLESSEY 5500 can
handle from 12,000 to 120,000 characters per second

Industrial Electronics March 1966

The Plessey 5500 is the only digital tape transport with that kind of performance
which is wholly manufactured in the United Kingdom. With tape speeds up to
150 in/sec, the versatile, low-cost Plessey 5500 is fully 7- or 9-track IBM —
compatible.

Now Plessey announces the 5500 Data Acquisition System
This system accepts data at widely variable rates into a Plessey 6-psec buffer

core store and feeds data for storage in IBM block format to the 5500 transport
at 200, 556, or 800 b.p.i. The core-store capacity can be varied to suit customer
requirements, and data checks are performed as specified by the customer. Full
system controls are provided internally; either 7- or 9-channel data inputs can
be accepted.

Write today for full details of the new Plessey 5500 and advice from our system
design experts on your data acquisition problems.

The Plessey Company Limited
PLESSEY Data Equipment Division
! Martin Rd., West Leigh, Havant, Hants.
H Telephone: Havant 6391. Telex: 86227
A“tomatlon Telegrams: Plesslee Havant

@ PA(DE)!
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The resources of AEl Electronics
Electronic Apparatus Bulletin No. 2

Advertiser’'s Announcement

Cubicle housing a complete no-hreak® system. Such systems provide an unbroken supply of power.
The cubicle shown houses 2 k VA * no-break” inverter sets and one static ehangeover equipment.

For the past four years AE| Electronics has becn engaged upon an intensive
programme of research into the application of thyristors to D.C.-A.C. con-
version. The details of this programme are of interest both intrinsically and
because they exemplify the way in which the advent of economically priced
but efficient semiconductor devices has obviated many of the difficulties
hitherto associated with this particular field of electrical engineering.

R I f:s-—"-*~ e

No-break and Stand-by
power supplies

Once the reliability of the static inverter had
been established on service it was logical to
apply it to emergency power supply systems
—and in particular to “*No-break™ supply
systems, which, like those customarily speci-
fied for communications, power stations,
hospitals and air traffic control equipment,
must completely eliminate the possibility of
a power break or interruption during a
mains failure.

Prior to the introduction of static inverters
the nearest anyone had come to a true no-
break system was onc in which the mains
supplied an A.C. motor which drove an al-
ternator and a heavy flywheel. The load was
permanently connccted to the alternator,

e

LRI

An AEI stand-by power supply static inverter,
type FQ43, is housed in this cubicle supplied
to the Stockport Corporation.
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and, in the event of a mains failure, the fly-
wheel kept the alternator revolving until a
diescl engine could be started up and con-
nected to the generator.
The first true no-break system cvolved by
AEI works in the following manner: the
mains supply is rectificd and then inverted
to A.C. before supplying the load : a battery
is connected to the D.C. circuit ahead of the
inverter and is thus permanently on charge.
When a supply failure occurs the battery
takes over as soon as there is a voltage drop
no matter how small. A diesel-alternator
can then be started up and connected to the
rectifier input; this in turn will take up the
load from the battery. Where only breaks of
short duration occur the diescl-alternator is
not required. The battery is then rated to
produce full power during such breaks. For
applications where a break of a few milli-
seconds is permissible AEl manufactures a
complete range of “Stand-by’" power sup-
plies.

A.C. motor control and
frequency changers

A more recent, and in some respects more
important, application of static inverters is
the control of A.C. motors. Owing to the
difficulty of doing this by any conventional
technique many engineers have hitherto pre-
ferred to use D.C. motors which, though less
convenient, are at least relatively easy to
control. For certain equipment, however,



For further information circle 251 on Service Card

D C. motors simply will not do. A case in
point is a high speed grinding machine
manufactured by one of AEI’s customers in
the machine tool industry. This machine has
to be driven at speeds of up to 60,000 rpm,
and the power unit must withstand widely
varying loads. Control is required over a 4.1
speed range, and to achieve this a bulky (and
noisy) motor generator had been used. This
leviathan has now been replaced by an AEI
unit consisting of a rectifier feeding D.C. in-
to an inverter with a variable frequency con-
trol oscillator. The advantages of this system
—which is small enough and quiet enough
to be mounted on the side of the grinder
console—are accuracy of control and negli-
gible maintenance. And together these more
than compensate for the slightly higher cost
which has, in any case, been offset by in-
creased sales of the machine tool to which it
is fitted.

A complete range of A.C. Motor Control
and Frequency Changers Units will be
manufactured.

D.C. transformers

An application has now arisen for static in-
verter voltage changing on D.C. supplies.
This involves feeding the D.C. supply into
an inverter with an output transformer
wound to give the required voltage, then
rectifying the output. Of course this is speci-
alised equipment, and the present demand
would scarcely warrant the production of a
standard range of the kind now being de-
veloped for A.C. motor control. However,
AEI are building units to individual orders
and batch production may eventually be
justified.

General Purpose
Low Power Unit

General purpose low power static inverters
have a variety of applications. In one case,
for instance, a manufacturer specialising in
marine air conditioning equipment, became
interested in static inverters because one of
his products—a compressor which had to be
run immersed in refrigerant fluid—had to be
driven by a D.C. motor located outside the
sealed compressor unit, when installed in
ships with no A.C. supplies. This arrange-
ment involved the use of a complicated sys-
tem of glands which had never proved en-
tirely satisfactory. It was obvious that with
an efficient static inverter to convert the
ship’s supply, the unit could be driven by
the integral A.C. induction motor normally
supplied when the unit was installed on A.C.

static inverter,

Industrial Electronics March 1966

vessels. The inverters developed for this pur-
pose amply fulfilled expectations and, like
the lighting inverters referred to below, sub-
sequently proved of value in other applica-
tions.

Transport lighting

AELI’s work on static inverters for transport
lighting began with a request from British
Lighting Industries Limited for a means of
converting the D.C. supply from a 24 volt
battery to A.C. to power fluorescent lighting
in buses. To meet this requirement, AEI
Electronics developed what subsequently
became their frst commercially available
static inverter—the type FQ24. This is a
transistorised unit capable of supplying two
20 watt fluorescent tubes (or one 40 watt
tube) from the 24 volt battery.

AE] Static inverter, type FQ44. This inverter
is housed in a special dust and waterproof box
designed for British Railways coaches.

Shortly afterwards British Rail ordered an
inverter for use in passenger carriages. The
input and output requirements were similar
to those specified for the FQ24, but since the
unit was to be installed in the roof of the car-
riage it had to be capable of withstanding
higher ambient temperatures. Once this
problem had been surmounted it proved
possible to design units with outputs of up
to 2,500 watts.

The success of these early static inverters en-
gendered considerable interest among manu-
facturers in industries outside the transport
field, many of whom saw in the new equip-
ment the possibility of substantially improv-
ing the performance of their products.
Today the principle of static inversion is
widely accepted throughout modern indus-
try. Indeed, it is no exaggeration to say that
the static inverter is now firmly established
as one of the electrical engineer’s funda-
mental components. Its status is, in fact,
roughly analogous to that of the semicon-
ductor rectifier a few years ago. And from
this it may reasonably be inferred that appli-
cations will multiply rapidly in the years
ahead.

Interior of a British Railways coach. The fluorescent lighting is operated from an AEI

STATIC
INVERTERS

FROM A
STANDARD
RANGE

UNITS ALSO

BUILT TO ORDER

For further information contact—Associat-
ed Electrical Industries Limited, Industrial
Electronics Sales, New Parks, Leicester
or your nearest AE| office.

A X
ELECTRONICS

12011
45
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_—j PLESSEY P

i

DRESSONAL GNP

Individual
Requirement
Specialists

—A Unique Service

Each component range produced by
Plessey Professional Components Division
requires a high degree of specialisation and
experience—the result of years of
development and production. Products of
this Division include miniature and
sub-miniature relays, rotary solenoids,
printed circuit switches, filters, individually
built precision variable capacitors,

crystal ovens, vibrators, trimmer capacitors
and thermostats, and many more. These are
products which require manufacture to
exacting specifications, and call for an
exceptionally high degree of skill.

Plessey Professional Components Division
occupies a modern, 125,000 sqg. ft. plant

at Titchfield, Hampshire, and offers
unparalleled experience and ‘know-how’
in the field of high-precision components.
in addition, the resources of the whole
Plessey Company are available to give
unigue service to equipment designers and
manufacturers. Nearly every component
from the Professional Components Division
has Qualification Approval or is approved
to equivalent standard. The highest
standards of quality control are ensured
through the facilities of the

Plessey Environmental Laboratory.

46

This relay works
from—-65°C to +125°C

Relays: A typical item is the SUB-MIN!IATURE RELAY
TYPE CF (NATO ref. 5945-99-012-7392 to 7396), approved
to Ministry R.C.S.C. Specification DEF. 5165—SM5L.

Fully sealed, and with a balanced armature and high contact
pressures, it gives a particularly good performance under
conditions of severe shock. Twin gold-plated contacts make
it specially suitable for switching in low-level circuits,
Contact action: 2-pole changeover.

Contact rating : 3 Amps at 28 volts d.c. or 115 volts a.c.

400 c/s. 105 ops at 3 amps.

Standard coil values: 6, 12, 24, 48 and 110 volts d.c.
Voltage proof: 1000 volts r.m.s. a.c. at 50 c¢/s between
terminals and case; 750 volts between open contacts.
Temperature range: ~65 to --125 C.

Shock:100g for 8 milliseconds.

Weight: 0.520z (14.8 gm) max.

For further information on how
Plessey Professional Components Division
can help you, write today.
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This filterworks
from —55°C to + 100°C

Filters: An example of a filter designed, engineered and
manufactured to customer specification, is this 1st and 2nd
I.F. Filter Unit (NATO ref. 5915-99-951-4140 and
5915-99-951-4141).

1st1.F. Filter 2nd |.F. Filter

Centre Frequency 1.825mc/s 500kc/s

Pass Band 1.77-1.88mc/s 477.5-522.5Kc/s
(1ab) (6db)

Pass Band Loss Spread 1db 1db

Discrimination, Upper  55db @ 2.8 mc/s 60db@ 545Kc/s

56db @ 1.3mc/s
50 ohms u/bal 5000 ohms u/bal
5000 ohms u/bal 5000 ohms u/bal
-55"10100 C
MIL-STD-202B

Discrimination, Lower
Input Impedance
Output Impedance
Temp. Range
Environmental Srec.

For further information circle 253 on Service Card
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60db @ 455 Kc/s |

r

This solenoidworks
from —-65°C to +180°C

Switches and Allied Equipment: The Division offers an
extensive service 1o equipment designers on switching
problems, and it manufactures printed-circuit

assemblies ranging from the 10- and 16-way edge
sw.tches to the miniature rotary type.

The Rotary Solenoid Size 14 is the first of a series in
which torque is produced by a perfect magnetic couple,
achieved by the rotation of a segmented armature in an
annular gap. The absence of axial movement

permits direct mechanical coupling to the load.

Low inertia of the armature makes for rapid cycling

at a given power. It is shown here driving a 6 wafer
switch, making a complete circuit selector.

Operating voltage range: from 2 volts to 440 volts d.c.
Power rating: 100 watts maximum, within duty-cycle
limits; 12 watts continuous.
Temperature range: —65 C to
on minimum duty cycle).
Repetition rate.: 50 cycles per second typical.
Stroke angles: ranging between 15" and 80 .

-180 'C (the latter

PLESSEY

The Plessey Company Limited
Professional Components Division
Abbey Works, Titchfield

Components Group

Indusrtrial Electronics  March 1966

Fareham, Hampshire
Telephone : Titchfield 3031
Telegrams : Plessey Fareham Telex

@PCis
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STRIPLINE
SOGKET
GIRGULATORS

Melabs have introduced a range of microwave ferrite
3-port circulators designed for use in standard semi-
rigid striplines where the ground planes are 2 mil,
thick copper with no rigid back-up plate. The socket
for the circulator is made by cutting two concentric
holes at the appropriate location in the stripline
package. The circulator is then fitted by inserting it
in the socket and tightening the locking nut. Circulators
of this type are now available for any frequency from 2 to
12 Ge/s and have an electrical performance comparable

to conventional circulators with coaxial connectors.

A similar range of circulators is available suitable for
use in rigid striplines having 1" thick aluminium ground
planes. The standard dielectric used is Rexolite 2,200

but other dielectric materials can be provided.

Q

ELECTRONICS LTD
11-15 BETTERTCN ST ORURY LANE, LCNDON, WC2 Tel: TEMple Bar 0201-5

48
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Jied for)

( Patent 3PP

e

ind:
th four important features in M

. t
. iability 2. Low cos
H m 'lfe and reha . &
'3. ?;:'tn:;eration 4. Minimum overall siz€ g
.

| Produced wi

Intended for use in applications where
space is at a premium and for the

control of medium power circuits up
to 440v. A.C.

Hendrey Relays

HENDREY RELAYS LIMITED
390-394 BATH ROAD, SLOUGH, BUCKS.
Tel.: Burnham 609/612 Telegrams: Hendrelay, Slough

MANUFACTURING ELECTRICAL ENGINEERS
CONTROL AND LABORATORY APPARATUS
A.R.B. and M.O,A, APPROVED DESIGN & INSPECTION
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many variations with modular units -

service penetfration panel

standard module
screening panel ,walls
ceiling & floor

filters for power line

"]
waveguide windows for

filters for felepnone entry T’V‘f'sg‘ mz g'z‘g ;’5;‘2 lation

door-frame unit

to modular dimensions
screened panel with
timbered and covered

floor optional
Belling-Lee are official
consultants on radio frecuency
interference suppression easily assembled yoom provides high r.f.
and shielded enclosures attenuation over a wide frequency range.
to the British and Overseas Typica[ performance: -100dB, 100 k¢/s 1o 10 Ge/s.

Defence Services.

BELLING‘-LEE rf. shielded enclosures

Write for leaflets F11-16 or telephone Miss Woolgar at Enfield 5393 Ext. 27
Belling & Lee Limited - Great Cambridge Road - Enfield - Middlesex - Telephone: Enfield 5393 - Telex: 263265

Inudusirvial Elecironics  NMarch 1966 49
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Any type or make of STANDARD-BS 156 A complete and comprehensive
(oleo-resinous) range from one single source plus
[NAM[[[[" WIH[ VINYL-ACETAL-BS 1844 | 2 service which itis our constant
(Synthetic) aim to maintain.
copper or resistance alloy Bicalex Textile covered wires in enamelled
. . Conymel copper, plain copper, tinned
can be mcorporated IN Oour Polyanite copper or resistance alloys.

Lewmex Single, twisted pair, bifilar.
I[xlll[ B“"[n[n Simvar T.N.A. Wires for easy soldering

POLYURETHANE-BS 3188 | and bonding.

(Easy solder ‘F' or ‘M") Tinsellated conductors, bunched

Bicelflux conductors, textile covered or

Conysol waxed.

Lewcosol Wavg-winding Wires a
Sims Quick Solder speciality

If you have any development
(é;so?(yprgshvfaty;/der) problem which involves winding

wires remember that textiles are

DIAMEL versatile and if a suitable wire
(Epo)(y-res/'n on resistance does not exist we are always
wire only) ready to elaborate new types.

A complete range from one source

FINE WIRES LIMITED

P.0. BOX 78, NOTTINGHAM TELEPHONE: 4430 TELEGRAMS: STRENGTH, NOTTINGHAM
LONDON SALES OFFICE: 6/10 GT. PORTLAND STREET, W.) PHONE: LANGHAM 107]
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Heenan Dynamatic,
Ajusto-Spede and
Dynaspede drives, with
electronic control gear,
to suit almost any
system.

% Speed Control

% Torque Control

% Torque Limiting

% Controlled Acceleration
% Synchronisation

% Tension Control

% Load Sharing of Multiple
Drives

Nt

HEENAN & FROUDE LTD.

see us on S-I—AND NO NN 16 (First FlOOI’) WORCESTER . ENGLAND
ELECTRICAL ENGINEERS (A.S.E.E) EXHIBITION 1966
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0,
Drop in a°€e insert
and come to grips with all your

jastening problems in plastic

There are countless opporturities for
you to use inserts, send for our latest
literature and actual samples on the
subject—you’ll find them interesting!

UNBRAKO 'DODGE'

inserts are faStenerS for indUStry

manufactured undsr

licence to British UNBRAKO LIMITED

patentiiloles6eay Burnaby Road, Coventry
Telephone 88722 Telex 31-626

Indusirial Elecironics  March 1966
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filters- G

\

CATHODEON CRYSTALS LIMITED

LINTON - CAMBRIOGE - TELEPHONE: LINTON 501 - TELEX:81212 - CABLES: “QUARTZ" CAMBRIDGE

CHARLOTTENLUND, COPENHAGEN. FINLAND: OV HEDENGREN Ab, lONNROTSGATAN 18, HELSINKI, FRANCE: CONTINENTALE ET GARNIER, 17 RUE 0°ASTORG, PARIS ge. WEST GERM“NY. ING. ERICH SOMMER,
ELECTRONIK GmbH & Co. KG. JAHNSTRASSE 43, 8 FRANKFURT AM MAIN 1. HOLLAND: VANANOEL N.V.. NIEUW MATHENESSERSTRAAT 33, ROTTEROAM-N. NORWAY: J. M. FEIRING A/S, LILLETORVET, 1,05t0. PORTUGAL:
TURBOMAR. LARGO 00 MASTRD 29. 2", LISBON, SWEDEMN: GUNNAR WIKLUND AKTIEBOLAG, KUNGSGATAN 38, STOCKHOLM C. SWITZERLAND: TRONICAIR S.A. RAMPE OE LA TREILLE 3, CASE POSTALE 222 GENEVA,

i Industrial Electronics March 1966



For further information circle 261 on Service Card For further information circle 262 on Service Card

ISOLA-
base-materials:

Cradleclip

-
¥
P F

THIS MOST ADVANCED
WIRING SYSTEM CUTS
INSTALLATION TIME
T0 SECONDS

A new high speed simplified form of wiring—
takes only 5 seconds per fixing point

Neater, more compact wiring
Full insulation, suitable for all climates

Quick and easy wiring amendments

vVvvvevvev Vv

Electrical and mechanical security

under all conditions SU PRA-CARTA_CU
P Substantial savings in wiring costs qual|ty96

The system consists of binders and clips for unsupported
wiring and cradles with clips for anchored wiring. Binders
and cradles are moulded in tough nylon and are virtually
unbreakable.

SUPRA-CARTA-E-Cu

VERRODUR-E-Cu

WIRING SYSTEM
SPECIALISTS

For full details of Ihe Insuloid Cradleclip and many other cable

fixing devices wrile for the Insuloid Calalogue available on
request from

INSULOID MANUFACTURING CO. LIMITED

Sharston Works, Leestone Road, Wythenshawe, Manchester, England.

LA

0
Tel : WYThenshawe 5115-6-7 Grams ; Insuloid Manchester Talex : 66657 o l:’///'/y///E N

u%////
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40 OVVCER(SUS)
SA clpeak)
10 Mc...

For the first time
at Economy Prices

M

2N3583 40255 2N3439
Vcer(sus) min = 250 V Veeolsus) min = 350 V Veeolsus) min = 350 V
Ic max — 1 amp lc max = 1 amp
2N3584 8. = 15° C/W 8. = 30°C/W
Vcer(sus) min = 300V 40256 2N3440
Veeolsus) min = 250 V Vceolsus) min = 250 V

2N3585 lc max = 1 amp Ic max = 1 amp
Vcer(sus) min = 400 V a,‘~: =15°C/W oi—c = 30°C/W

RCA ADDS THREE NEW “SMALL T0-3” (T0-66) HIGH-CURRENT TRANSISTORS
TO THE LOW-COST, HIGH-VOLTAGE SILICON LINE

2N3583 2N3584 2N3585 1

Reg @ Ic 100 ma, Vg 10 V| 40 min 40 min 40 min

Or U r er @I, lamp Vep 10V | 10 min 25-100 25-100

0 . W @ 5Mc| @ le 200 ma, Ve 1oV 2 min 2 min 2 min
Inforl I Iatlon please Is @ Vee 100 vV 250 ma min 250 ma min 250 ma mun

. Vego(sus) | @ I -~ 200 ma 175 V min 250 V min 300 V min
erte Or telephone g Voglsah | @1, 125ma, o 1A 075V max | 075V max
* i 5 amp peak 5 amp peak 5 amp peak
¢ 2 A continuous| 2 A continuous | 2 A continuous

THE MOST TRUSTED NAME IN ELECTRONICS

RCA GREAT BRITAIN LIMITED Sales Division, Lincoln Way, Windmill Road, Sunbury-on-Thames.
Associate Company of Radio Corporation of America. Telephone: Sunbury 5511,
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INDUSTRIAL ELECTRONICS

Incorporating British Communications and Electronics

Automated Machine Tools

One of the favourite topics of the Minister of Technology is machine tools.
We assume that when he presses for greater use of machine tools he means the
kind in which automatic control is effected by some form of computer rather
than the simple kind of ‘automatic’ to be found in every factory. We assume,
in fact, that he is pressing for more automation.

His problem seems to be to persuade industrialists to invest capital in auto-
mated machine tools. This is not a new problem. Such tools have been
available for ten years or more and all their manufacturers have tried hard to
sell them. Ten years of talk by tough professionals had had little effect and ten
years more is unlikely to produce a landslide of orders for automated tools.

Why are they not more widely used? There is only one answer to this.
They are not more widely used because the manufacturing industries are not yet
convinced that the use of automatic machine tools will result in an adequate
return on the capital outlay required. The assessment of the performance is
not an easy matter for requirements differ greatly according to the nature of a
company’s business.

One of the greatest advantages of the electronic control of a machine tool is
the ease with which the programme can be altered. A change of paper or
magnetic tape carrying the instructions will turn over the machine from one job
to another. Consequently this form of control is especially suitable for a firm
which specializes in making small batches of a great many different products.
At the other extreme, the firm which makes the same item in very large quantities
may well find that more mundane automatic control is as suitable, or even more
suitable. We ourselves naturally favour the more widespread use of automatic
techniques in the control of machine tools, but we do recognize that it is not
suitable for every purpose. In our view there are two things which are hinder-
ing its wider adoption. The first is the difficulty a company finds in making a
reasonably accurate assessment of the value of automation techniques to that
company. Talk will accomplish nothing, what are wanted are facts and
figures. The other is a suspicion about the reliability of automated apparatus.
The more that a single machine will do, the more is a firm putting all its eggs in
one basket and the more costly is even a single breakdown.

It is our view that if the Minister of Technology wishes to promote the wider
use of automated tools he should tackle these two problems. Surely such tools
are used in Ordnance factories and other Government-controlled establish-
ments. Figures should be available to him, therefore, on the savings to be
effected by their use and also on their reliability. We suggest that they should
be collected and published.
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By G. A. RIGBY, B.Sc.(Eng.), A.M.L.E.E.*

The uses of data-logging techniques in industrial process
and control systems are becoming much more widespread
as their capabilities are appreciated. This article provides
an introduction to the basic principles of such techniques
and includes several examples of their applications.

ODERN electronic data-logging techniques are
Mbeing increasingly employed in industry for the

monitoring and ultimate control of industrial pro-
cesses and equipment. The basic operation of data logging
is relatively simple and can start with the remote measure-
ment of a single physical quantity, such as temperature,
flow, pressure, etc., and be expanded up to many hundreds
of parameters.

In data logging, the physical quantity to be monitored
is first sensed by a transducer, which produces an electrical
output signal, the amplitude of which is proportional to
the quantity being measured. For data-logging purposes,
there is a need for a unit which converts this analogue
signal to a digital (pulse) form corresponding to the value
of the measured quantity.

The Digitizer
Such a unit is called a digitizer, digital voltmeter or
analogue-to-digital converter, and it is upon this instru-

* Data Systems Division, Solartron Electronic Group Ltd.

Fig. 1. A basic dara-logging system
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ment that the whole operation of data logging is based.
Digitizers are complex devices and must. therefore. offer
compensating advantages, which they do principally by
increasing accuracy and speed.

An analogue device is capable of measuring with an error
of } to 1%, whereas a digital device quite ordinarily has
an error of 0-1% and can be obtained with errors of only
0-01%. An analogue instrument responds to a change in
input level in times of the order of & to 1 second. but a
digital instrument will give an accurate reading in a few
hundredths of a second, and often many times faster.

A digital instrument is thus vastly superior to its analogue
counterpart, although more expensive. Because of their
high operating speeds, however, digital measuring devices
can be shared among many inputs, so that the cost per
input can actually be less with a digital system. A further
advantage of the digital instrument is that its reading can
be recorded by a suitable printer.

System Operation

A basic data-logging system, such as that shown in
Fig. I. comprises an input scanner, which acts as a multi-
way switch to connect each input in turn to the digitizer,
the digitizer itself and a printer. The operating sequence
is as follows: the scanner selects the next input and gives
a digitize command signal to the digitizer. thus causing it
to make a measurement ; when conversion is complete, the
digitizer gives a print command to the printer. which prints
out the voltmeter reading. An identifying number is also
printed out alongside the reading, from data supplied by
the scanner.

Outputs

A line or strip printer is only one of several output devices
which can be used, and is probably the most common one.
A punched-tape output is almost as frequently used and
enables the recorded data to be computer-processed at a
later time, or to be stored. A typewriter provides a con-
ventional log sheet with tabulated results and can print in
two colours.

The speed capabilities of existing equipment allow printed
and punched outputs to be obtained at about ten readings
per second, while typed outputs are normally restricted to
only one reading per second.
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System Inputs

Inputs are d.c. voltages representing physical quantities
such as temperature, pressure, flow, force, power, etc., and
these quantities are converted to voltages by transducers,
of which the best known is the thermocouple. The voltages
produced by transducers are usually of the order of a few
tens of millivolts, and are thus subject to electrical inter-
ference. The data logger must, therefore, have the ability
to measure the signal voltage accurately in the presence of
interference voltages; i.e., it must have ‘common-mode rejec-
tion’. The problem of interference is aggravated by greater
physical separation of transducer and logger, necessitating
special precautions such as the use of screened leads.

A data logger does not require special transducers and
many of those used industrially for control and measure-
ment are quite suitable. The only requirement is that the
transducer should produce a d.c. voltage output, or an
output which is readily converted to that form, such as a
d.c. current.

Transducers producing pulse outputs, such as some types
of flowmeters, can still be handled by data loggers, but as
their outputs are already in digital form the digitizer is
by-passed

In the basic system of Fig. 1 only two modes of opera-
tion are possible: continuous scanning with a record of all
values, or a single scan on demand—again with a print-out
of all values. Such a system is perfectly adequate for
investigational or routine test work, but has little application
to a continuous manufacturing process. For this applica-
tion other facilities must be added, such as the ability to
give warning of alarm conditions.

Alarm Scanning

For monitoring a continuous process, it is not necessary
or desirable to give a continuous record of parameter values.
What is required is a record of points in alarm only, com-
bined with a routine log of all points at regular intervals,
and these functions are provided by the more elaborate
data-logging system shown in Fig. 2.

The basic system of scanner, digitizer and printer has
been augmented by a typewriter, alarm limits and a digital
clock (the input conditioning and the linearizer will be
referred to later). With this system all inputs can be
scanned continuously, digitized and compared with alarm
limits. When an alarm is detected, the printer operates to
give a record of the point number, measured value and
time. In addition, there may be a symbol to indicate
whether the alarm was for a high or a low limit. The
system may be further modified so that when a point has

been detected as being in alarm and a print-out has been
obtained, no further print-out will occur of that point until
it has returned to normal; a second print-out will then
indicate this condition. Furthermore, this system can pro-
duce an alarm summary on manual demand; i.e., at a par-
ticular time a print-out (usually in red) can be obtained of
all points in alarm, togcther with their values.

Alarm annunciation can also be made by sounding
klaxons or flashing lights, and at pre-set time intervals
(such as every one or two hours, or once per shift) the
typewriter can produce a complete log of all inputs, with
time.

Input Conditioning

So far, the system has only measured and recorded
voltage levels, which require translating into physical units
before their significance can be fully appreciated. In the
case of a system with several hundred inputs, it is impos-
sible for the operator to memorize the calibrations of all
transducers, and it is impractical for him to refer to tables
and graphs. It is convenient, therefore, for the read-out
to be in the units concerned and, in general, there are two
requirements: scaling linear transducers and correcting the
curvature of a non-linear transducer characteristic such as
that of a thermocouple.

Linear inputs can be dealt with in two ways. The simpler
is to provide individual resistive attenuators on each input
in order to reduce the transducer output to a level where
the scale factor is an integral power of ten. For instance,
if a particular transducer has a full scale output of 20 mV
for a pressure of 500 p.s.i. we may use an input attenuator
to reduce the voltage to one quarter of its value, so that
500 p.s.i. will be represented by 5 mV. If the system is to
have a resolution of 1 p.s.i., the digitizer must have a resolu-
tion of 10 uV ; this technique is limited only by the sensi-
tivity of the digitizer.

The second method consists of changing the digitizer’s
sensitivity ; but, as each input may require a different scale
factor, this is clearly not as convenient as the input-
attenuator technique,

Linearizing
Linearization raises its own problems, to which there are
three possible solutions.

Firstly, the signal can be linearized

COMMAND

Fig. 2. An alarm-scanning system
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Fig. 3. A dara-logging system for turbo-alternator protection

in the analogue stage. prior to digitization ; secondly, it can
be incorporated into the digitization process; and thirdly,
it can be done digitally after the digitizer.

The first method is not suited to low-level voltages, as it
requires some form of amplification. This may be placed
between the scanner and digitizer, but individual linearizers
are required for each type of transducer. The third method
requires a digital store, in which the linearizing law is held,
and requires computer-type techniques. [t is not therefore
an economic method.

The most satisfactory method is the second one, whereby
linearization is built into the digitizing process. Details
will not be discussed here, but most digitizing techniques, in
particular the sequential-approximation and counter-
integrator ones, are suitable. Linearizing circuits are easily
added and it is not difficult to provide for a number of
linearizer laws,

Industrial Uses

Before proceeding to specific examples. the capabilities of
data-logging systems may be summarized as follows:

Speed: 10 points per second typical. 100 points per

second and faster available

Accuracy: 0-1?, commonplace, 0-019, available

Unambiguous display

No reading errors

Alarm facilities

Digital setting means no loss in accuracy

Automatic print-out

Routine log production

Also, very significantly with regard to future develop-
ments, data-logging systems are able to communicate
directly with digital computers, so that the installaton of a
data logger is very often the first step towards digital-
computer control. It is a very necessary first step, since a
plant cannot be controlled until sufficient data has been
collected to ¢nable the control system to be designed.

102

Here, we are principally concerned with the application
of data loggers to continuous processes. They have applica-
tions in industrial research and development and test labora-
tories, but, in principle, these do not differ from applications
in other research establishments and these are outside
the scope of this article.

Turbo-Alternator Protection

Many industrial plants operate their own generators.
which have high capital costs and whose failure can mean
expensive down-time and lost production. Fig. 3 represents
a data-logging system, installed in a large chemical manu-
facturing plant to monitor the temperature and pressure of
the lubricating oil supplied to the main bearings of a turbo-
alternator.

Resistance thermometers are used to sense temperature,
and pressure signals are obtained from potentiometric trans-
ducers. with a d.c. excitation. The resistance thermometers
are of the three-terminal type, to obtain first-order tempera-
ture compensation of the connecting leads. A constant-
current power supply reduces the effects of bridge non-
linearities and each element is connected to an individual
bridge circuit which has zero balance and sensitivity con-
trols. Over small temperature ranges the bridge output can
be taken as linear.

The inputs total one hundred and are identified on the
print-out by the two-digit numbers from 00 to 99. They
are sampled continuously at the rate of two per second and
are digitized by a digital voltmeter. All temperature
measurements are referred to a single high limit, and the
pressure measurements are referred to a single low limit.
If an alarm condition is detected, a print command is given
so that a print-out of that channel will occur and give the
channel number, value, and alarm signal. A klaxon is also
sounded and continues to operate until silenced by the
operator pressing an ‘alarm-acknowledgement’ button for
that channel. The klaxon cannot sound again on that
channel until the acknowledgement button has been returned
to normal. A print-out of all channels can be demanded
manually at any time, the print-out starting at the beginning
of the next scan after the print button is pressed. Any
channel in alarm is indicated by an asterisk.
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A second data logger is now being installed to monitor
a new installation. It will provide comprehensive coverage
of the plant and the monitored parameters will include
steam conditions, winding temperatures, output voltage and
feed-water temperature.

The alarm system has also been extended. independent
high and low limits being applied to each input, and the
alarm panel has a three-position switch for each channel.
The central position indicates the normal condition, the
switch is lowered for ‘alarm acknowledgement’, when a red
lamp glows, and is raised for ‘out of commission’, when an
amber light glows. As previously. a line printer gives both
a permanent record of points in alarm and a print-out of
all points on demand.

Electrolytic-Plant Monitoring

When monitoring an electrolytic bath for alarm levels,
it is not sufficient to set fixed voltage levels since the voltage
across the bath varies with the current passing through it.
Variations in current may be quite acceptable and should
not cause an alarm to be raised ; the alarm level must there-
fore vary in sympathy with current magnitude.

To provide for this the system shown in Fig. 4 has been
devised. The voltage across the cell can be represented by
E = E, + KI. where E, is a constant and / is the current
passing through the cell. The factor K is a parameter of
the cell and depends on the strength of solution, tempera-
ture, etc.; it serves to define the condition of the cell and an
alarm must be raised if its value goes beyond pre-set limits.

A transducer produces a voltage proportional to the cell
current, and this is applied to a potentiometer so that, by
adjustment, a voltage V' can be obtained equal in magni-
tude to K/. The cell voltage is backed off by V and by a
voltage equal to E,. Consequently the voltage ¢ presented
to the voltmeter is zero so long as the set-point conditions
of Kl are maintained. Also it remains zero for any value
of I provided K remains constant. However, should K
change, an alarm will be raised if the change in K is suffi-
cient to raise ¢ to the alarm level.

Gas Chromatography

A subject which is claiming increased attention is the
automatic recording and processing of the outputs of gas
chromatographs. The conventional method of recording
1s by chart recorder, from which the analysis is made
manually. The output of a gas chromatograph is a series
of voltage peaks, the magnitude and spacing of which repre-
sent the amount and nature of the gases present in the
sample under test.

Clearly a data logger can digitize the output from the
chromatograph. but ideally digitization should only occur

TRANSDUCER |V/= K, J

Fig. 4. A system for
monitoring an electrolyiic
plant
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during the time when an output peak is present, and the
peak must be identified in time to enable the gas to be
identified.

The problem is one of time control—how to arrange
to start and stop digitizing at the time when a peak
is expected, and how to relate that to a particular gas.

A subsidiary decision (and fortunately the data logger is
quite capable of providing the data whichever decision
is made) is whether to operate on the actual value of the
peak, or whether to operate on the area under the curve.
In the former case the digitizer itself can be peak-reading.
and in the latter the area is proportional to the sum of
equidistant ordinates and therefore requires only simple
adding arrangements. It is anticipated that on-line operation
will be achieved to provide an automatic, continuous
quality-control check.

Working-Space Monitoring

Modern oftice blocks are equipped with air conditioning
equipment whose performance must be monitored for
efficient operation. This requires measurement ot air tem-
peratures, humidity and the working-fluid conditions such
as temperature and flow.

In general terms this is another example of plant monitor-
ing requiring a continuous alarm scan with a routine log
taken at specified intervals. However, in the case of an
office block, the plant is sited either in the basement or on
the roof, and displays on intermediate floors are required.

A typical installation consists of the main logger sited
adjacent to the air-conditioning plant. All points are
monitored and the routine log is produced at this location.
At one or more locations spaced throughout the building.
local stations display the conditions within their area and
the operator or maintenance technician thus has available
to him data at a position not too far removed from the
corresponding space.

In designing such a system. interconnecting cables must
be kept to a minimum, as they can become the major cost
item. It is not economic, for example, to run individual
leads from 200 thermocouples spaced throughout a build-
ing to a logger sited in the basement. The logger may only
cost £2,000-3,000 and the cost of supplying and installing
cable could equal this. If two or three local stations are
now added, necessitating further wiring, the overall costs
are quite prohibitive.

There are a number of techniques and arrangements to
keep cable costs down, and these are invariably based on a
‘tree’ scheme, as shown in Fig. 5. Each sub-scanner may
have a local digitizer and display. but the cost of these is
less than that of running multi-core cable back from the
central logger to the local station.

DIGITAL
VOLTMETER

ALARM
LiMIT
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Fiv. 5. A daic-logging ‘1ree’ schenme
Sor monitoring working-space conditions

Strain-Gauging of Large Structures

The technique of strain-gauging, which has long been
applied to aircraft and other structures, is being increas-
ingly applied to large structures of a civil engineering nature
such as bridges and dams.

It is desirable to have a knowledge of the strain existing
in a structure during erection and under load for two
reasons: it enables the design figures to be checked against
actual values, and thus assists in future design work, and,
for safety reasons, it is necessary to know the strain values.
The need for this in the case of dams and nuclear-reactor
pressure vessels is obvious. In those applications where
strains are measured over periods of time extending into
years, it is essential to reduce drift in the gauging and
measuring system to an absolute minimum.

Strain measurement in pre-stressed concrete structures
has attracted particular attention, and for this purpose
special strain-gauging techniques have been evolved. The
bonded-resistance strain gauge is not suitable as it is sub-
ject to drift; there are difficulties in bonding the gauge to
the concrete, and the gauge length must be such that the
presence of aggregate in the concrete does not invalidate
the measurement.

It is now generally accepted that the vibrating-wire gauge

A department of English Electric-Leo-Marconi Computers
Ltd. has been set up to investigate the use of computers
in hospitals so that the number of nurses required in
intensive-care wards may be reduced ; at the moment one
nurse is needed for each patient.

At a recent symposium a consultant from the company
described how computers can be used for the everyday
control of hospital functions, for staff allocation and for
patient monitoring. A patient-monitoring computer is
envisaged which will be able to respond to changes in a
patient’s condition faster than a nurse is able to and would
instantly inform the ward sister or the duty doctor of any
deterioration or improvement in the patient’s health. A
computer could also be used for the allocation of hospital
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is the most suitable. This consists of a tensioned wire,
secured between two anchor points, which when plucked
will vibrate at a frequency related to the tension. This
arrangement is virtually drift free under the constant-
temperature conditions that prevail in large structures and
has the further advantage that the electrical connections are
made by two wires only.

The measurement is made by counting the vibration fre-
quency after an initial disturbance by a pulse, and the
frequency may be transmitted over distance without loss
of accuracy.

The technique does not lend itself to dynamic measure-
ments, so that high scanning speeds are not required; a
speed of one or two points per second is quite adequate
and allows ample time for each gauge to be individually
plucked and counted.

Conclusion

Data logging is supplanting older techniques in many
industrial applications and enables measurements to be
made which would be impossible or uneconomical by other
means. It forms the essential first step towards supplying
data for the control of continuous-processing plants and
enables data to be acquired for future design studies.

facilities so that patients could be admitted at the most con-
venient time without their having to wait in hospital beds
until the necessary equipment becomes available.

The recording of reports is another use of the computer.
Reports could be generated of each patient’s progress so
that consultants can discharge patients when they are ready
without having to wait to see them on the next regular
visiting day. The keeping of records is a further task which
can be carried out more efliciently with the use of a com-
puter. Every significant medical event in a person’s life
could be recorded and held in a random access file to be
up-dated as new information becomes available.

Other tasks under consideration include purchase and
stores accounting and laundry control.
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Thermoelectric devices are being used on an increasing scale for refrigeration, air-conditioning and many

other applications.

They are a commercial proposition and are becoming more and more competitive.

The

advantages, principles of operation and diverse uses of thermoelectric cooling and heating modules are described
in this article.

1l

discovered thermoelectric generation in 1821—though

he misinterpreted his own discovery. J. Peltier
observed that heat was generated across the junction of two
dissimilar conductors in 1834 and E. Lenz, in 1838, showed
that the effect was reversible. Simply, the Peltier effect is the
absorption or rejection of heat at the junctions of two dis-
similar conductors through which current is flowing.

Following the initial discovery of thermoelectricity, little
progress was made, and thermoelectric cooling, for example,
was regarded as a scientific curiosity. A revival of interest in
thermoelectric generation during the 1930s led to the develop-
ment of semiconductor thermoelectric materials: the
practicability of the Peltier effect was then realized and
consequently interest and development work has increased.
particularly during the last decade. Thermoelectricity is a
commercial proposition for many instrument applications and
is becoming increasingly competitive for air conditioning and
refrigeration. Some of the possible advantages of thermo-
electricity are listed below: (1) heating or cooling according
to the direction of the current; (2) immediate function when
power is supplied: (3) no moving parts; (4) no vibration and
silent in operation; (5) function with the same efficiency under
the same conditions irrespective of size; (6) spot or ‘pin-
point” cooling is possible; (7) accurate capacity matching
compared with vapour cycle equipment and performance is
more predictable; and (8) infinitely variable temperature
control, etc.

Unlike vapour-cycle systems, thermoelectric systems per-
form with the same efficiency under the same conditions
irrespective of the system size. A d.c. source is essential
and the coefficient of performance (C.O.P. — Q./ W), the
ratio of heat absorbed, Q., to electrical power input, W, is
dependent on the operating conditions. For example, the
C.0.P. for a maximum cooling demand can be as low as 01 in
practice or even zero when the heat absorbed is zero. On the
other hand, for minimum demand the coefficient of
performance increases to infinity as the current applied is
reduced to zero.

Thermoelectric cooling is now in practical use in such
diverse fields as air conditioning, electronics, general instru-
mentation, refrigeration, medicine, vapour control and
computers.

THERMOELECTRICITY is not new. T. J. Seebeck

*De La Rue Frigistor Ltd.
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Principle of Operation and Structure of the Thermo-
electric Module

Materials

All thermoelectric cooling and heating materials fall under
the general classification of semiconductors. A good
thermoelectric material has a low thermal conductivity,
x W/cm/°C, a high electrical conductivity, o Q/cm, and a high
Seebeck coefficient, x V/ C. Neither electrical insulators nor
electrical conductors satisfy these requirements hence the
choice of semiconductor materials. A measure of material
suitability is given by the figure of merit Z where

All three parameters in this expression are temperature
dependent and Z is frequently expressed as the dimensionless
figure of merit ZT where T is the mean of the hot and cold
junction temperatures in K.

For cooling applications, the best dimensionless figure of
merit at room temperature or below is approximately 0-9.
Mass-produced material probably averages around O0-8.
Material for generation purposes designed to operate at
1,000 °C may have ZT values of 1-0 at 1,000 C.

Values of ZT significantly greater than unity have only
been observed for material measured under special conditions,
such as low temperature combined with a transverse magnetic
field.

Materials For Cooling Applications

The best materials currently known are alloys of bismuth
telluride Bi,Te,. Although similar in appearance, the two
branches of a cooling thermocouple are dissimilar in that they
have Seebeck coefficients of opposite sign with respect to
copper. One branch is positive (termed p-type), and the
other negative (termed n-type). Usually, the parameters
(2, o, k) of both branches are of similar magnitude when
matched for optimum performance.
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Fig. 1.
conducting strap 1o form a couple

The p-type material is an alloy of bismuth telluride (Bi,Te,)
with antimony telluride (Sb,Te;) whereas the n-type material
is an alloy of bismuth telluride with bismuth selenide (Bi,Se;).

The materials can be manufactured by an orientated crystal-
growing process or, more recently, by powder metallurgy
techniques. The relative advantages of these processes has
been discussed elsewhere, but powder metallurgy methods
have already facilitated considerable price reductions, and
further reductions can be forecast with confidence.

Operation

Fig. 1 shows p- and n-type semiconductor blocks joined
together by a conducting strap to form a couple. A similar
conducting strap is joined to the remote end of each block, and
the straps at both sides are arranged to provide good thermal
contact surfaces. The blocks have similar thermal and
clectrical ~ conductivities and complementary  Seebeck
coefficients of similar magnitude.

The p-type material has a deficiency of electrons, illustrated
by positive signs and n-type material has an excess of electrons
illustrated by negative signs. On the application of a direct
current potential to the couple, with negative source polarity
connected to the p-type block, migration of charges occurs as
illustrated.  Another way of considering this is that adjacent
to the connecting strap, the p-block becomes more negative
and the n-block more positive. Under the influence of the
applied potential, electrons flow from the p block across the
strap and into the n block. In doing so, they are forced from
a comparatively low energy state to a high energy state, and
obtain this energy by extracting heat from the junctions across
which they are forced to flow.

If the direct-current polarity is reversed, it follows that
clectrons must flow in the opposite direction; i.e., from a high
energy state to a low energy state. The surplus energy is
given off as heat at the connecting junctions.

One can readily appreciate why it is possible to change
from a cooling to a heating cycle merely by reversing the
direction of current flow. If this reversal is carried out
rapidly, for example by applying an alternating current, the
thermal inertia is such that no Peltier cooling effect would be
apparent, and both junctions would heat up owing to resistive
Joule heating throughout the couple. A direct-current supply
must therefore always be used.

Hear Transfer Relationships

So far only the junction (or Peltier) effect has been men-
tioned. If this was the only consideration, the bulk of the
semiconductor blocks would not be important. However, as
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Fig. 2. Schematic diagram of a module showing an
electrical series connection of the couples

l HEAT
REJECTED

in all electrical conductors, Joule resistive heating occurs.
This detracts from the cooling effect and complements the
heating effect.

The ‘optimization’ of block size with regard to required
cooling conditions is necessary in order to achieve a com-
promise between conflicting effects.

The distance between heat-absorbing and heat-rejecting
surfaces is comparatively small, and flow of heat from one to
the other is inevitable. If « is the thermal conductance of the
material and A7 is the temperature differential across the
junctions, heat flows from the hot to the cold junction at
the rate kA7, The Joule heating takes place in the bulk of the
material and is proportional to the square of the current /.
The rate of Joule heat generation is /*R where R is the
resistance of the material.

It is assumed that half the Joule heat flows to the cold
junction to operate against the Peltier cooling effect. There-
fore the quantity of heat Q. absorbed at the cold junction can
be expressed by

Qc — 2T, — II*R — kAT C ()

T. is the temperature of the cold junction in K and 2T, is a
convenient way of expressing the Peltier coefficient where, in
this case, « is the Seebeck coefficient of the couple. «/T, is
the rate of Pelticr heat absorption at the cold junction.

From the equation it can be appreciated that there are
limiting combination values of 7/ and AT when

x2ITe = I*R + kAT,

and Q¢ is then zero. This illustrates why it is not possible to
obtain an increased performance by indefinite increase of the
power supplied. Power surplus to the optimum requirement
of a system is not only wasteful but also reduces the per-
formance.

Heat generated at the hot junction is expressed by

Qn = 2Ty — MR — kAT )
where T is the temperature of the hot junction in degrees

Kelvin. The electrical power to operate the thermocouple is

On — Qc

which is the sum of the Joule heating loss plus the power ioss
to overcome the opposing potential generated by A7,  Alter-
natively expression (3) can be written W — [(IR + aAT);
i.e., W — IV watts where V is the potential drop across the
couple or module.

The total heat production rate Q, which must be dissipated

I*R -+ 2IA\T — W - (3)
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into the heat sink from the hot junctions, is the total power
input W, plus the heat absorbed at the cold junction and
pumped through the module: i.e.,

Consideration must be given to the temperature dependence
of basic parameters a, o and «. The temperature variability
assumes considerable importance by its effect on the above
expressions when transferring heat over a large temperature-
differential or over a wide range of different temperatures.

Modules
Module Construction

Normal practice is to make up a number of couples into an
electrically series-connected unit or module (Fig. 2). The
construction is in fact a bent strip and as such is mechanically
weak. For this reason, arrays of more than 12 couples are
uncommon unless some mechanical support is provided to
prevent damage during handling.

Frequently, the copper conducting straps forming the *hot’
surface are resin-bonded to impart strength and rigidity.
Mechanical strength and ease of application are also improved
by supplying the module sandwiched between anodized
aluminium plates or high thermal conductivity ceramic plates
such as alumina and beryllia.

An important aspect of all modules is that they are supplied
flat and parallel to very close tolerances. It is equally
important that they are mounted on surfaces prepared to the
same tolerances otherwise module-to-surface heat transfer
would suffer.

Mounting

A general mounting arrangement is illustrated in Fig. 3.
The module can be fixed in place by epoxy resin or solder or
preferably it can be mechanically clamped under firm pressure.

The interfaces merit special attention. The copper
connecting straps in the module not only form the electrical
current path but are also the surfaces by which heat is trans-
mitted through the module. Clamping these connectors
directly to metallic surfaces would cause electrical short
circuiting and an insulating interface is necessary. This
interface must obviously be a good thermal conductor other-
wise an intolerable heat flow barrier would be built into the
system. Because a good electrical insulator is not com-
patible with a good thermal conductor, much development
work has been carried out to find the best compromise
solution,

*Frigistor and Delacoat are registered trade marks,
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Interfaces in general use are:—

(1) hard anodized aluminium plates attached either by
epoxy resins, or by mechanical clamping using silicone
grease or oil for a good thermal contact;

(2) films of materials such as mica, ‘Mylar’ and ‘Teflon’

usually in conjunction with a clamping arrangement:

spraying the copper straps with alumina to provide an
insulating film with attachment as in (1) above or by
metallizing and soldering;

(4) building a module on to an alumina plate having
attached conducting straps on the module side and
a conducting surface on the other. The module
is then soldered to the heat exchange surfaces.
This latter technique has the advantages of
eliminating poor conducting films of materials such as
epoxy resin, high mechanical strength, and it eliminates
the necessity to prepare accurate mounting surfaces as
the solder film flows to take up discrepancies.

(5) Frigistor modules which are now available with
Delacoat insulated surfaces. These modules can be
clamped to any conducting surface without fear of
creating a short circuit.*
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The importance of good thermal contacts cannot be over-
emphasized. Every degree lost across a thermal barrier has
to be deducted from the module performance when consider-
ing system capabilities. In the past it was common to have
combined interface losses of 10 "C to 15 'C. With the latest
techniques these can be reduced to as little as 2 °C.

It is inadvisable to use modules as structural members of any
system. Tensile and shear forces can be particularly
damaging.

Performance

Thermoelectric module performance is subject to a number
of variables such as the operating current and its relationship
with the designed optimum current, the temperature
differential and the actual temperature of one of the junctions.
When considering a system rather than a basic module, the
temperature differential across interfaces must be known also.

Fig. 4 refers to a single couple designed to give a maximum
temperature difference AT 'C at 60 A. The relationship
between AT "C and cooling capacity Q. is shown for a series of
different current ratings. The cold junction temperature T,
is maintained at 0 'C and a correction factor can be applied
for different cold junction temperatures. Alternatively, a
different set of curves could be used for each cold junction
temperature.

Fig. 5 shows the variation of coefficient of performance
with temperature difference for the same current values and
under the same conditions as in Fig. 4. The current for
highest coefficient of performance can then be selected.

When the current necessary to obtain the required tempera-
ture difference at the highest coefficient of performance is
known, the voltage drop per couple is obtained from Fig. 6.
Again, this voltage can be corrected for different values of
T, as the curves apply to 7. — 0 "C only.

The performance characteristics above refer only to the
normal refrigeration mode of operation where current / > 0
and the temperature of the hot junction T} is greater than that
of the cold junction T¢:i.e., T» > T.. For some applications,
particularly air conditioning, other modes of operation must
be considered.
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When current flow is reversed (/ negative), the modules
operate as heaters. All the electrical power appears at the
heated face together with heat pumped across the module.
The total power Qr was shown in expressions (3) and (4)
previously. Comparison with vapour-cycle heat pumps
shows that thermoelectric heat-pumping systems will develop
coefficients of performance greater than unity at much higher
temperature differences. Fig. 7 is a composite graph for a
module operating in the heating mode. The information
given is analogous to that of Figs. 4 and 5 and the cold
junction is assumed st<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>